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The Impact of Empowerment and Technology on Safety Behavior: 1 

Evidence from Mining Companies 2 

 3 

Abstract 4 

Major technological advances that are being introduced in the global mining industry 5 

have an impact on work and employee attitudes toward safety. The objective of this study 6 

was to analyze the impact of empowerment and technology on safety behavior. The 7 

research design was cross-sectional, and the sample was composed of 403 employees in 8 

mining companies. To measure safety behavior we used Neal, Griffin and Hart scales, 9 

and the psychological empowerment was measured using the Spreitzer scale. The results 10 

indicated high levels of empowerment on safety behavior and medium levels of 11 

technology’s promotion and prevention factors in the employees surveyed. Also, the 12 

study revealed that the meaning dimension of empowerment and the promotion 13 

technology factor positively affect safety behavior. A further contribution of the study is 14 

in the design of a scale to measure the impact of technology on safety behavior, as there 15 

are no known scales for this. 16 

 17 
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1. Introduction 19 

There are high rates of industrial accidents, especially in developing countries. 20 

According to the International Labor Organization [1], in these countries, a worker 21 

dies from a work-related accident or disease every 15 seconds; 153 workers have a work-22 

related accident every 15 seconds; and 6300 people die as a result of occupational 23 

accidents every day. In Latin America, due to the diversity of social movements and the 24 

realities of underdevelopment, there is a long tradition of social empowerment; however, 25 

the literature on empowerment and safety in mining is practically non-existent [2,3]. 26 

There is extensive literature addressing the importance of attitudes on safety [4,5], 27 

the impact of a safety culture in organizations [6,7] and the relationship between 28 

leadership empowerment behavior and both safety and safety teamwork [8]. Moreover, 29 

because of the high risks involved in mining companies, especially in developing 30 

countries [9], advances in technology are relevant to increasing safety in organizations. 31 

Nevertheless, few studies have explored the influence of psychological empowerment on 32 

safety in industries, and even fewer have simultaneously included the following three 33 

components: empowerment, technology and safety in mining companies. 34 

The uniqueness and relevance of our study lies in analyzing psychological 35 

empowerment and technology as predictors of safety in industrial companies, particularly 36 

in mining industries in Latin America. Some studies have addressed similar issues, such 37 

as May et al. [10], who explored the effects of meaningfulness, safety and availability on 38 

engagement, or Hechanova-Alampay and Beehr [2], who assessed whether the level of 39 

empowerment had a strong relationship with safety performance. However, none of these 40 

studies have considered the effects of technology on safety. 41 

Using a multi-level conceptualization, Wallerstein [11] defined empowerment as a 42 

social action process by which individuals, communities and organizations gain mastery 43 

over their lives in the context of changing their social and political environment to 44 

improve equity and quality of life. Spreitzer [12] defined psychological empowerment as 45 

intrinsic task motivation reflecting a sense of control in relation to one’s work and an 46 

active orientation to one’s work role that is manifest in four cognitions: meaning, 47 

competence, self-determination and impact. Despite the hard conditions in mining, such 48 

as the high risk, distance from family and consequential loneliness, employees feel highly 49 

engaged and proud of working in mining [13]. 50 

Additionally, as part of our theoretical contribution, the study offers a different point 51 

of view on safety and organizational factors by integrating the sociotechnical perspective 52 
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[14] and positive psychology, as this includes the dimensions of engagement and meaning 53 

[15]. Finally, we point out the relationship between psychological empowerment and 54 

safety, offering a different perspective in comparison to the literature reviewed and that 55 

connects structural empowerment and safety culture [16,17]. We adopt a contextual 56 

perspective of the mining industry, focusing on the mining sector.  57 

Organizations and workers should face technological transformation in a global 58 

environment and incorporate new skills and attitudes at work. In sum, with our study, we 59 

aim to promote different points of view about safety and attitudes that address a holistic 60 

model — a positive integrative model — comprising personal, organizational and 61 

technological elements. 62 

2. Theoretical background and hypotheses’ development 63 

2.1.  Safety in organizations 64 

High safety attitudes and safety climate improve safety performance and contribute 65 

to organizational goals beyond the economic perspective, in terms of influencing the 66 

standards of sustainability and corporate social responsibility [18]. In addition, companies 67 

are aware of the influence of safety climate on organizational results such as safety 68 

outcomes, safety performance or motivation [19–23]. Consequences of safety climate on 69 

organizational outcomes emerge in reports that associate safety with performance [24] 70 

and study the impact of personal factors, such as safety motivation and safety knowledge 71 

[24,25], on safety models. 72 

Following the development of psychology, some strategies of either “behavioral 73 

safety” or “behavior-based safety” employ the organizational behavior modification 74 

(OBM) protocol [26], containing identification of desired behaviors, observation-based 75 

measurement of behavior frequency, and provision of contingent and immediate 76 

reinforcement aimed at improving performance, based on classical reinforcement 77 

protocols. The reviews by Zohar and Luria [26] and Geller [27] contribute to 78 

understanding the antecedents of safe behavior and reveal that according to some authors 79 

the most effective interventions employed known behavior modification principles, also 80 

known as the ‘behavioral safety’ approach, which uses the ABC (Antecedents-Behavior-81 

Consequences) framework. 82 

Other researchers, such as Lingard and Rowlinson [28], emphasize the decisive role 83 

of performance in safety behavior, in that behavioral safety management aims to change 84 

attitudes by providing a framework within which existing attitudes can be explored and 85 

modified, with the ultimate goal being safer performance. 86 
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In the last few decades, there has been interest in adding other individual, 87 

environmental and organizational variables to holistic models [29–31]. From this 88 

perspective, we used a concept of safety behavior following Neal et al. [32], who defined 89 

it as the actions related to safety in the workplace that are influenced by employee views, 90 

perceptions and organizational culture. 91 

The global mining industry is making great advances in automation, robotization and 92 

updating of technologies, which have an impact on its processes, dynamics and behaviors. 93 

The increasing influence of technology in organizational dynamics [33] is one of the 94 

factors that motivate our study. Our literature review includes the component of safety 95 

behavior [32] to take into account two complementary dimensions with a high impact on 96 

safety results. These two dimensions of safety behavior, safe working compliance and 97 

safe working participation, allow organizations to measure beliefs, attitudes and actions 98 

regarding safety. 99 

2.2. Psychological empowerment and safety 100 

Positive psychology is a study of positive experiences and positive individual traits 101 

[15], and parses happiness into three domains: pleasure, engagement and meaning. Also, 102 

positive psychology studies the flourishing and optimal functioning of individuals, groups 103 

and institutions, and focuses on their strengths, virtues and well-being [34–36]. 104 

Integrating positive psychology into our model allows us not only to incorporate new 105 

visions of positive states and behavior, previously unexplored in the relationship between 106 

psychology and safety [37], but also to find possible factors of explanation for positive 107 

experiences and psychological states in organizations that improve civic behavior, 108 

commitment and safety. 109 

In the literature regarding psychological empowerment and safety, we found a dearth 110 

of studies in the mining context. However, we found some literature on safety culture and 111 

autonomy, as part of empowerment [38], but not specifically on self-determination and 112 

safety, as in this study. Tong et al. [8] pointed out the relations between effective safety 113 

teamwork in the manufacturing industry, which are psychological empowerment, safety 114 

commitment and perceived organizational support. Martínez-Córcoles et al.’s [39] 115 

research in nuclear power plants suggested that leaders’ empowering behaviors generated 116 

higher safety compliance behaviors. 117 

Numerous studies have focused either on different perspectives of empowerment, 118 

such as shared responsibilities [40], the employee’s ability to improve access to power 119 

[41], the assessment of management delegation of power to employees and the outcome 120 
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of employees’ decision-making [42], or on the most classical classification between 121 

structural and psychological empowerment. Differences between structural and 122 

psychological empowerment were pointed out by Wagner et al. [43] and Laschinger et al. 123 

[44], who argued that structural empowerment at the group level positively influences 124 

individual perceptions of psychological empowerment. Laschinger et al. [45] revealed a 125 

significant relationship between structural empowerment and psychological 126 

empowerment for managers at the individual manager level. This was because when 127 

meaning, self-determination and impact increase amongst managers, there is an 128 

anticipated associated increase in leadership actions that leads to the structural 129 

empowerment of subordinates. 130 

According to Armelino et al. [17], authors such as Laschinger et al. [44] based their 131 

studies of structural empowerment on Kanter’s theory of work performance in 132 

organizations [46], which focuses on organizational structures (power, opportunity and 133 

proportion) to influence individual and group behavior. Laschinger et al. [46] considered 134 

that access to power (formal and informal) and opportunity (resources, support and 135 

information) within the work environment fosters feelings of empowerment. Seibert et al. 136 

[47] identified that psychological empowerment is positively associated with a broad 137 

range of employee outcomes, including job satisfaction, organizational commitment, and 138 

task and contextual performance, and is negatively associated with employee strain and 139 

turnover intentions. 140 

As Spreitzer [12] defined it, psychological empowerment comprises four cognitions: 141 

meaning, competence, self-determination, and impact. Meaning is the significance of 142 

working; competence is a belief in one’s capability to perform work activities with skill; 143 

self-determination is a sense of initiating actions; and impact is the degree to which one 144 

can influence strategic, administrative, or operating outcomes at work.  145 

2.3. Technology and safety 146 

According to the World Health Organization (WHO) [48], the environmental hazards 147 

in small and artisanal mining frequently not only influence degradation and 148 

contamination of the general environment but also have implications for the health and 149 

well-being of miners, surrounding communities and the global environment. Donoghue 150 

[49] highlighted five types of risks: physical, chemical, biological, ergonomic and 151 

psychosocial. Physical hazards include rock fall, fires, explosions, mobile equipment 152 

accidents, falls from height, entrapment and electrocution. Chemical hazards such as 153 

crystalline silica are a serious hazard in mining. Biological hazards refer to diseases such 154 
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as malaria and dengue fever, which are common in mines, especially in tropical countries. 155 

The risks of ergonomic hazards derive from extensive manual handling. Psychosocial 156 

hazards include common effects on mining employees in remote locations due to their 157 

separation from their families and communities over long periods of time. 158 

Some tendencies in automation are changing the mining industry [50]. Moreover, 159 

advances in data integration and the incorporation of the Internet on the ground and the 160 

promotion of autonomous systems for mining processes strongly influence organizational 161 

procedures and the adaptations of groups and generate new attitudes and behaviors. Some 162 

studies, as Chu et al. [51], have reported a positive relationship between technological 163 

innovation and safety in Chinese coal mines. 164 

We have designed an impact of technology on safety scale, which has two subscales: 165 

prevention and promotion. The prevention subscale refers to employee collaboration in 166 

technology, especially aspects of the contribution of automation to safety. The promotion 167 

subscale measures the encouraging roles of employees on the road to technological 168 

upgrading.  169 

2.4. Hypotheses 170 

From this theoretical and contextual perspective, the objective of this research is to 171 

analyze the impact of empowerment and technology on safety behavior in Ecuadorian 172 

mining companies. The study aims to contribute to building a new positive and integrative 173 

perspective that enhances integration between health, positivity, and personal-safety 174 

factors [37], following a line of research that is still scarce but has seen much progress in 175 

the last 100 years. We aim to overcome a behavioral and individual vision with the 176 

adoption of a positive and sociotechnical approach; as such, this study explores the 177 

following hypotheses: 178 

H1: The four dimensions of psychological empowerment – (H1a) meaning, (H1b) 179 

competence, (H1c) self-determination and (H1d) impact – have a positive impact on safe  180 

working compliance (dimension of safety behavior). 181 

H2: The four dimensions of psychological empowerment – (H2a) meaning, (H2b) 182 

competence, (H2c) self-determination and (H2d) impact –have a positive impact on safe 183 

working participation (dimension of safety behavior). 184 

H3: The two dimensions of technology – (H3a) promotion and (H3b) prevention – have 185 

a positive impact on safe working compliance (dimension of safety behavior).  186 

H4: The two dimensions of technology – (H4a) promotion and (H4b) prevention – have 187 

a positive impact on safe working participation (dimension of safety behavior). 188 
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3. Method 189 

3.1. Data collection and sample 190 

According to the Central Bank, Ecuadorian mining production represented 0.48% of 191 

the country’s gross domestic product (GDP) and exported 6.45 tons of gold in 2018 [52]. 192 

Most of the large-scale mining projects in Ecuador, such as Mirador, Fruta del Norte, 193 

Loma Larga and Río Blanco, are in the exploration phase, and the small and medium 194 

mining projects are in the operational phase. 195 

The study design is cross-sectional and uses quantitative collecting and analyzing 196 

techniques. The sample is incidental and consists of 403 employees of three mining 197 

companies at Ponce Enriquez canton, located in the Azuay Province, Ecuador. Out of the 198 

403 respondents, 92% worked in operational roles and 8% worked in supervisory roles. 199 

The average tenure of respondents was 3.61 (SD 3.48) years. In the group, 25% were 200 

permanent employees and 75% were contractors. The average age of respondents was 201 

28.9 (SD 11.22) years. In all, 99.3% of participants in this study were male.  202 

3.2. Measures 203 

3.2.1. Psychological empowerment. The four dimensions of psychological 204 

empowerment (meaning, competence, self-determination and impact) were measured 205 

using a 7-point Likert response format [12] in a Spanish adaptation [53]. Example items 206 

were: for the meaning dimension, ‘The work I do is meaningful’; for the competence 207 

dimension, ‘I am confident about my ability to do my job’; for the self-determination 208 

dimension, ‘I have significant autonomy in determining how I do my job’; and for the 209 

impact dimension, ‘My impact on what happens in my department is large’. 210 

3.2.2. Technology. To measure technology, we used a new scale that measures 211 

attitudes toward technology and its relation to mining safety, in two dimensions: 212 

prevention and promotion (see Appendix 1). The prevention subscale refers to employee 213 

collaboration in technology, particularly how aspects such as automation contribute to 214 

safety. The promotion subscale measures the encouraging role of employees on the road 215 

to technological upgrading. Employees responded on a 5-point scale to all items, ranging 216 

from 1 = strongly disagree to 5 = strongly agree. Example items were: for promotion, 217 

‘Changes in safety technologies are communicate suitably’; and for prevention, ‘I 218 

previously identified safety failures in automated systems’. The final scale contained 10 219 

items that were selected from the original scale, which contained 15 items. We eliminated 220 

five items related to robotics due to the absence of these processes in the sample studied. 221 
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3.2.3. Safety behavior. To measure two dimensions of safety behavior, we used two 222 

subscales consisting of four items that measure individual compliance (safety 223 

behavior/compliance) and four items that measure the extent to which individuals 224 

participate in safety activities (safety behavior/participation) [32]. Employees responded 225 

on a 5-point scale to all items, ranging from 1 = strongly disagree to 5 = strongly agree. 226 

Example items were: for safety compliance, ‘I use all the necessary safety equipment to 227 

do my job’; and for safety participation, ‘I voluntarily carry out tasks or activities that 228 

help to improve workplace safety’. 229 

3.3. Procedure 230 

We contacted the employees through a cooperative group of small and medium 231 

mining companies that are producers of silver and gold. Data were collected in Ponce 232 

Enriquez mines in January 2014, and we analyzed the results between March and July 233 

2015. Descriptive and inferential data analysis techniques were used. In the first phase, 234 

the study assessed the validity and reliability of scales through confirmatory factor 235 

analysis (CFA) using AMOS version 24.0. All models were estimated using the 236 

maximum likelihood method. In the second phase, we conducted two hierarchical 237 

multiple regressions using SPSS version 24.0. 238 

4. Results 239 

4.1. Confirmatory factor analysis and reliability 240 

A series of CFAs were performed to assess the validity of the construct of each of 241 

the scales: the psychological empowerment scale [12], the technology scale, and the 242 

safety behavior scale [32]. Model fit was evaluated using the comparative fit index (CFI), 243 

the goodness of fit index (GFI), the Tucker–Lewis index (TLI), the normed fit index 244 

(NFI), the root mean square error of approximation (RMSEA) and the standardized root 245 

mean square residual (SRMR). 246 

Regarding the psychological empowerment scale, we examined the adjustment of a 247 

factorial structure model formed by four oblique dimensions: meaning, competence, self-248 

determination and impact. The adjustment of the technology scales was assessed with a 249 

two oblique-factor model corresponding to the dimensions of promotion and prevention. 250 

Finally, in relation to the scale of safety behavior, we evaluated the adjustment of a 251 

factorial structure composed of two oblique dimensions: compliance and participation. 252 

According to the results, the goodness of fit of the psychological empowerment scale 253 

was appropriate (𝜒2/df = 4.95; CFI = 0.905; TLI = 0.851; NFI = 0.885; RMSEA = 0.099, 254 

90% CI [0.086, 0.113]; SRMR = 0.057). Also, in the technology scale, the fit indices were 255 
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adequate (𝜒2/df = 4.22; CFI = 0.961; TLI = 0.919; NFI = 0.951; RMSEA = 0.090, 90% 256 

CI [0.063, 0.118]; SRMR = 0.037), as for the safety behavior scale (𝜒2/df = 1.51; CFI = 257 

0.993; TLI = 0.986; NFI = 0.979; RMSEA = 0.036, 90% CI [0.000, 0.074]; SRMR = 258 

0.028). All factor loadings were statistically significant for each of the scales, ranging 259 

from 0.56 to 0.81 for the psychological empowerment scale, from 0.61 to 0.78 for the 260 

technology scale and from 0.54 to 0.77 for the safety behavior scale. 261 

Composite reliability (CR) values for each dimension of each of the scales were 262 

acceptable. For the psychological empowerment scale, the CR values for each dimension 263 

were between 0.667 (competence) and 0.878 (impact). The CR values for the technology 264 

scale were 0.795 (promotion) and 0.700 (prevention), and those for the safety behavior 265 

scale were 0.764 (compliance) and 0.657 (participation) (Table 1).  266 

After the validity and reliability of the scales were analyzed, a series of indices were 267 

obtained for each of the dimensions of psychological empowerment, technology, and 268 

safety behavior scales. Scores were computed as each person’s individual mean across 269 

items of corresponding dimensions. 270 

Table 1 about here 271 

Because they are relevant for understanding the mining industry in Ecuador, we 272 

briefly comment on the descriptive statistics (Table 1). Psychological empowerment 273 

dimensions showed high scores in meaning (6.34, SD = 1.02), competence (6.43, SD 274 

0.78), self-determination (5.53, SD 1.37), and impact (5.63, SD 1.25). However, the 275 

technology scale revealed medium levels of promotion (3.55, SD 0.93) and prevention 276 

(3.60, SD 0.94), which can be explained by the low level of technology and automation 277 

that is present in the surveyed companies. The safety behaviors subscales showed high 278 

means: safety compliance (4.62, SD 0.63) and safety participation (4.52, SD 0.61).  279 

4.2. Test of hypotheses 280 

To analyze the impact of the dimensions of empowerment and technology on safety 281 

behavior, we conducted two hierarchical multiple regressions. In one regression we used 282 

the psychological empowerment and technology dimensions as independent variables and 283 

the safety behavior compliance dimension as the dependent variable. In the other, we used 284 

the psychological empowerment and technology dimensions as the independent variables 285 

and the safety behavior participation dimension as the dependent variable (Table 2). The 286 

stepwise method was used. 287 

The results of the hierarchical multiple regression analysis with psychological 288 

empowerment and technology as the independent variables and the safety behavior 289 
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compliance dimension as the dependent variable revealed that the meaning dimension of 290 

empowerment ( = 0.329; p < 0.01) and the promotion technology factor ( = 0.176; p < 291 

0.01) positively affected the safety behavior  compliance, confirming H1a and H3a. The 292 

empowerment dimensions of competence, self-determination and impact, in addition to 293 

the prevention dimension of technology, did not show any statistically significant results 294 

and, therefore, H1b, H1c, H1d and H3b, respectively, could not be confirmed. In this case, 295 

the predictor variables explained 15.6% of the variance of the safety behavior compliance 296 

dimension. 297 

The results of hierarchical regression analysis with the psychological empowerment 298 

and technology as the independent variables and the safety behavior participation 299 

dimension as the dependent variable showed the influence of the empowerment 300 

dimensions of meaning ( = 0.135; p < 0.05) and competence ( = 0.148; p < 0.01), in 301 

addition to the technology dimensions of promotion ( = 0.122; p < 0.05) and prevention 302 

( = 0.167; p < 0.01), on safety behavior participation. Hence, H2a, H2b, H4a and H4b were 303 

supported. We did not find support for H2c and H2d, as the self-determination and impact 304 

dimensions did not show any significant impact on the safety behavior participation 305 

dimension. Although the predictor variables explained 14.2% of the variance of the safety 306 

behavior participation dimension in this hierarchical multiple regression, the patterns 307 

were quite different. That is, the dimensions of psychological empowerment and 308 

technology had different roles depending on the safety behavior in question. 309 

Table 2 about here 310 

5. Discussion 311 

5.1. Main findings and discussion 312 

The safety behavior compliance and the safety behavior participation had high means 313 

[54], similar to results obtained for other Asian countries [55]. The results can be 314 

explained partly by the high risks involved in mining companies, especially in developing 315 

countries [9]. Safety is a crucial requirement.   316 

In relation to psychological empowerment, we also found high averages, especially 317 

in the meaning and competence dimensions. The meaning of work is part of the dimension 318 

that influences the decision to continue working, including in older people [56], builds 319 

employee identity, and impacts the level of commitment and engagement, even with the 320 

transformation in recent years arising from radical changes in values toward work and 321 

careers [57]. Competence influences both job satisfaction and the results in organizations 322 
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[58] and contributes to building empowerment and confidence inside groups and 323 

organizations. We observed that workers value the meaning of work, a traditional 324 

psychological construct [59,60] that incorporates both the high importance and centrality 325 

that miners give to their work [13] and the shared values, goals, duties and rights at work. 326 

As Wilpert [61] pointed out, technological innovation has always been an important 327 

factor of change in work and is even more so now because of the introduction of new 328 

information technologies and globalization. Our study focuses on the importance of 329 

individuals’ behavior toward changes because of technology, competence, and the 330 

meaning of work. According to Armstrong and Laschinger [16] there is a relation between 331 

structural empowerment and safety. In our research, even though we use psychological 332 

empowerment, we have found an influence of empowerment and technology on safety 333 

that extends the perspective about the influence of individual elements such as self-334 

efficacy [62] and all empowerment dimensions, in addition to social and contextual 335 

factors. Within these contextual factors, technology [33,63] is a decisive factor in the 336 

transformation of mining organizations, applying, in particular, a sociotechnical and 337 

positive perspective that we call the positive integrative perspective. 338 

Results in relation to technology revealed a low level of this aspect in the companies 339 

where the study was conducted. In companies with high levels of technology, successful 340 

technological interfaces required participation, positive attitudes [64] and commitment of 341 

employees. We consider that the positive integrative perspective allows the integration 342 

between technology, people’s skills and safety attitudes. 343 

5.2. Limitations and future research 344 

This research has certain limitations, such as the use of an incidental sample that does 345 

not allow statistical generalization of the obtained data to the reference population. 346 

Moreover, the cross-sectional research type and the use of self-report scales are 347 

limitations.  348 

This study proposes linking the relations between a new triad, in the framework of 349 

interface technology, people, and safety. The transformation of the mining industry and 350 

its culture via technological changes makes it imperative to address the incidence of 351 

people’s attitudes in terms of safety climate and safety behavior. This has important 352 

implications for practice: (a) an integrative positive perspective and attitudes toward 353 

technology have an influence on the organization, the people and the safety results; (b) 354 

the positive perspective takes into consideration the hard mining conditions, the positive 355 

attitudes and the radical technological changes in a realistic and practical evaluation of 356 
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the mining organization; (c) safety behavior requires both the commitment of people 357 

involved in mining to a safety culture and the development of new values and skills to 358 

not only cope with technology changes but also achieve a sounder transformation of the 359 

mining companies. 360 

The previous literature provides evidence on safety and structural empowerment 361 

[44]. Good examples are themes such as either the safety climate and workplace safety 362 

[19,37] or technology and human factors in mining [63]. However, we are motivated by 363 

the absence of literature relating to our goal, which is an integrative perspective of the 364 

impact of empowerment and technology on safety behavior in mining industries and 365 

specifically in one Latin American country, Ecuador. Two motives underpin our research. 366 

Mining is a very traditional sector that is in the process of transformation, and it is 367 

considered to be one of the most hazardous professions in the world [65]. Advances in 368 

technology represent an opportunity to impulse new safety perspectives. Moreover, 369 

mining industries face a remarkable challenge in respect of human talent [66], requiring 370 

people who are not only technically excellent but also possess additional generic skills 371 

that promote productivity and competitiveness and contribute to increasing the human 372 

resource capacity demanded by the market and technological changes. 373 

6. Conclusion 374 

This article indicates the importance of psychological aspects, such as the 375 

empowerment and meaning of work, and attitudes toward technology in safety. It 376 

identifies how psychological empowerment dimensions, such as meaning and 377 

competence, and attitudes toward technology positively influence safety behaviors. Our 378 

study suggests the need to open the scope of occupational safety, including sociotechnical 379 

and positive approaches, in an integrative perspective. Our research expands current 380 

knowledge because it develops an integrative perspective in the study of how the 381 

aforementioned psychological empowerment dimensions positively influence safety 382 

behaviors. The study also makes a practical contribution in offering a scale to measure 383 

the impact of technology on safety behavior, as no such scales are known.  384 
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Table 1. Means, standard deviations, reliability values, and correlations between the 564 

study variables. 565 

 566 

Variable M SD 1 2 3 4 5 6 7 8 

Psychological Empowerment 

1. Meaning 6.34 1.02 0.801        

2. Competence 6.43 0.78 0.552** 0.667       

3. Self determination 5.53 1.37 0.356** 0.453** 0.708      

4. Impact 5.63 1.25 0.429** 0.484** 0.478** 0.878     

Technology 

5. Promotion 3.55 0.93 0.105* 0.021 0.076 0.259** 0.795    

6. Prevention 3.60 0.94 0.145** 0.116* 0.159** 0.279** 0.558** 0.700   

Safety behavior 

7. Compliance 4.62 0.63 0.355** 0.251** 0.096 0.236** 0.200** 0.223** 0.764  

8. Participation 4.52 0.61 0.252** 0.240** 0.131** 0.189** 0.252** 0.252** 0.421** 0.657 

* = p < 0.05. 

** = p < 0.01. 

Note: Composite reliability (CR) values for each variable are reported on the diagonal. N = 403. 

 567 

 568 

  569 
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Table 2. Hierarchical regression results. 570 

 571 

Variables 

Dimensions of Safety Behavior 

Compliance  Participation 

B SE   B SE  

Step 1: Psychological Empowerment      

Meaning 0.203** 0.029 0.329**  0.081* 0.034 0.135* 

Competence     0.116** 0.044 0.148** 

Self determination        

Impact        

        

Step 2: Technology        

Promotion 0.118** 0.031 0.176**  0.080* 0.037 0.122* 

Prevention     0.110** 0.037 0.167** 
        

Intercept 2.901** 0.202   2.585** 0.263  

        

R 0.396   0.377  

R2 0.156   0.142  

F 57.654**   16.503**  

* = p < 0.05. 

** = p < 0.01. 

Note: N = 403;  = standardized coefficient; B = unstandardized coefficient; SE = SE associated with the 

coefficient. 

 572 

  573 
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Appendix 1. Impact of technology on safety scale 574 

 575 

1) Automation and safety are related. 576 

2) Security risks decrease with automation. 577 

3) I make fewer mistakes in automated environments. 578 

4) Safety systems continually adapt to new technologies. 579 

5) Hazardous processes/operations are automated. 580 

6) Changes in safety and automation technologies are communicated opportunely. 581 

7) Traceability is part of all automated systems. 582 

8) I identify safety failures in automated systems in advance. 583 

9) I experience less stress in automated work environments. 584 

10) I strengthen safety procedures in automated work environments. 585 

 586 

Note: Prevention subscale = items 2, 3, 8, 9 and 10; promotion subscale = items 1, 4, 5, 6 587 

and 7. 588 


