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Hassan Asilian-Mahabadi, Yahya Khosravi, Narmin Hassanzadeh-Rangi, 
Ebrahim Hajizadeh & Amir H. Behzadan. Factors affecting unsafe 
behavior in construction projects: development and validation of a new 
questionnaire. Pages: 219-226. 

Introduction. Occupational safety in general, and construction safety in particular, is a 
complex phenomenon. This study was designed to develop a new valid measure to 
evaluate factors affecting unsafe behavior in the construction industry. Methods. A new 
questionnaire was generated from qualitative research according to the principles of 
grounded theory. Key measurement properties (face validity, content validity, construct 
validity, reliability and discriminative validity) were examined using qualitative and 
quantitative approaches. The receiver operating characteristic curve was used to 
estimate the discriminating power and the optimal cutoff score. Results. Construct 
validity revealed an interpretable 12-factor structure which explained 61.87% of 
variance. Good internal consistency (Cronbach's α = 0.94) and stability (intra-class 
correlation coefficient = 0.93) were found for the new instrument. The area under the 
curve, sensitivity and specificity were 0.80, 0.80 and 0.75, respectively. The new 
instrument also discriminated safety performance among the construction sites with 
different workers' accident histories (F = 6.40, p < 0.05). Conclusion. The new 
instrument appears to be a valid, reliable and sensitive instrument that will contribute to 
investigating the root causes of workers’ unsafe behaviors, thus promoting safety 
performance in the construction industry. 
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Fateme Dehghani, Fariborz Omidi, Omidreza Heravizadeh, Saied Barati 
Chamgordani, Vahid Gharibi & Akbar Sotoudeh Manesh. Occupational 
health risk assessment of volatile organic compounds emitted from the 
coke production unit of a steel plant. Pages: 227-232. 

In this study, cancer and non-cancer risks of exposure to volatile organic compounds in 
the coke production unit of a steel plant were evaluated. To determine individual 
exposure to benzene, toluene, xylene and ethylbenzene, personal samples were taken 
from the breathing zone of workers according to National Institute for Occupational 
Safety and Health (NIOSH) method 1501. Cancer and non-cancer risk assessment was 
performed, using US Environmental Protection Agency (US EPA) methods. Samples 



analysis showed that the concentration of benzene in the energy and biochemistry and 
the benzol refinement sections was higher than occupational exposure limits. The cancer 
risk for benzene in all sections was significantly higher than allowable limit; the non-
cancer risk for benzene in all sections and toluene in the benzol refinement section was 
also higher than 1.0. In conclusion, the current control measures are not sufficient and 
should be improved for efficient control of occupational exposures. 

 Keywords: volatile organic compounds, occupational exposure, health risk 
assessment, coke production unit 

Ramtin Nazerian, Orhan Korhan & Ehsan Shakeri. Work-related 
musculoskeletal discomfort among heavy truck drivers. Pages: 233-244. 

Background. Heavy truck drivers are exposed to various psychological, psychosocial and 
physiological factors, some of which can cause musculoskeletal discomfort in different 
body regions. Purpose. This study aims to investigate the correlation between different 
factors of musculoskeletal discomfort in heavy truck drivers. Methods. A cross-sectional 
study design was applied. A total of 384 participants were interviewed using an updated 
version of the Nordic musculoskeletal questionnaire. While hypothesis testing was used 
to assess the association of different factors in musculoskeletal discomfort, logistic 
regression was applied to explore different correlations among questions of the survey. 
Results. The results demonstrate that hours of exposure to vibration were associated 
with discomfort in the neck and shoulders (p < 0.001). This relationship was not 
statistically significant in the lower back area (p = 0.300). Additionally, 19 equations, 
their correlations and their odds ratios were formulated with Nagelkerke R2 > 0.05. 
Conclusion. Fifty-seven percent of the drivers were suffering from discomfort in their 
lower back region. Moreover, seat comfort was found to be highly correlated with 
discomfort in the neck, shoulder and upper back areas. Additionally, with aging the 
likelihood of experiencing discomfort in the neck, upper back and knees is increased. 

 Keywords: musculoskeletal disorders, work-related musculoskeletal disorders, 
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Pin-Chao Liao, Zhonghua Guo, Tao Wang, Jing Wen & Chung-Han Tsai. 
Interdependency of construction safety hazards from a network 
perspective: a mechanical installation case. Pages: 245-255. 

The assumption that safety hazards in construction projects are independent leads to a 
weak foundation for risk assessments, and related management strategies may be 
biased. Therefore, understanding interdependencies of hazards is critical to risk 
assessment in construction safety. This study proposed a qualitative–quantitative hybrid 
approach to delineating hazard associations. Based on the hazard network model for an 
elevator installation, we identified the characteristics of the hazard network and 
determined critical hazard types based on the hazard associations. The main conclusions 
are: (a) the hazard network topology is characterized by an extremely sparse hazard 
association distribution, few centers and highly cohesive interrelationships; (b) 
management should focus on various hazard mitigation strategies rather than relying on 
causal relationships; (c) ‘wrong sequence’ due to human error is the most critical 
‘gatekeeper’ for the various hazards. Our findings contribute to the body of knowledge by 
revealing characteristics of hazard interdependencies. 
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Melih Iphar & Ali Kivanc Cukurluoz. Fuzzy risk assessment for 
mechanized underground coal mines in Turkey. Pages: 256-271. 



The decision matrix method is preferred as a measure of risk evaluation considering the 
risk value obtained by two risk factors such as the likelihood and severity of a hazard. 
However, it has some deficiencies since a crisp risk score is assigned for likelihood and 
severity. In this article, a fuzzy logic-based safety evaluation method to enhance the risk 
assessment process is introduced to overcome the uncertainties encountered in the 
classical decision matrix risk assessment method. The proposed method is a more 
realistic evaluation of the risks which may be available in mechanized coal mines in 
Turkey. In this way, risky situations and operations in mechanized underground coal 
mines have been determined by expert knowledge and engineering judgement in 
linguistic forms. Thus, such an evaluation will be a valuable guide for coal mines in which 
fully mechanized coal production is expected in the near future. 
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Rahat Hussain, Akeem Pedro, Do Yeop Lee, Hai Chien Pham & Chan Sik 
Park. Impact of safety training and interventions on training-transfer: 
targeting migrant construction workers. Pages: 272-284. 

Despite substantial efforts to improve construction safety training, the accident rate of 
migrant workers is still high. One of the primary factors contributing to the inefficacy of 
training includes information delivery gaps during training sessions (knowledge-transfer). 
In addition, there is insufficient evidence that these training programmes alone are 
effective enough to enable migrant workers to transfer their skills to the jobsite (training-
transfer). This research attempts to identify and evaluate additional interventions to 
improve the transfer of acquired knowledge to the workplace. For this purpose, this study 
presents the first known experimental effort to assess the effect of interventions on 
migrant work groups in a multinational construction project in Qatar. Data analysis 
reveals that the adoption of training programmes with the inclusion of interventions 
significantly improves training-transfer. Construction safety experts can leverage the 
findings of this study to enhance training-transfer by increasing workers' safety 
performance and hazard identification ability. 
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Dohyung Kee. An empirical comparison of OWAS, RULA and REBA based 
on self-reported discomfort. Pages: 285-295. 

This study aimed to compare three observational techniques, the Ovako working posture 
analysis system (OWAS), rapid upper limb assessment (RULA) and rapid entire body 
assessment (REBA), based on whole-body discomfort. Fifteen college students 
participated in the experiment measuring discomfort. Hand height, hand distance and 
external load were used as independent variables. The results showed that while just the 
two independent variables of hand height and distance significantly affected the OWAS 
action category, all three independent variables including external load were significant 
for the discomfort, RULA grand and REBA scores. The grand score was more linearly 
correlated to discomfort, compared to the OWAS action category and REBA score. RULA 
generally assessed postural loads for the postures tested more highly than OWAS and 
REBA. Based on these findings, it was concluded that, of the three methods, RULA may 
be the best for estimating postural stress under the conditions of this study. 

 Keywords: work-related musculoskeletal disorders, observation technique, 
discomfort, Ovako working posture analysis system, rapid upper limb assessment, 
rapid entire body assessment 



Greesh Kumar Singh & Sanjay Srivastava. Grip strength of occupational 
workers in relation to carpal tunnel syndrome and individual factors. 
Pages: 296-302 

The main objective of this study was to determine the association of grip strength with 
carpal tunnel syndrome (CTS) for occupational workers exposed to the risk of CTS. 
Experiments were performed on 60 workers, 15 each from four occupations. Grip 
strength was measured using a hand dynamometer. Electrophysiological experiments 
were conducted to measure CTS. Three levels of CTS were identified on the basis of 
latency value and motor nerve conduction velocity, viz., mild, moderate and severe. 
Statistical results suggest that workers who have CTS lose their grip strength, and higher 
levels of CTS lead to greater reduction in the grip strength. Another objective of the 
article was to investigate the association of grip strength with three individual factors of 
occupational workers, viz., body mass index, age and work experience. It is statistically 
inferred using Fisher's exact test that grip strength is not associated with any of these 
individual factors. 
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Wakisa Simukonda, Patrick Manu, Abdul-Majeed Mahamadu & Krzysztof 
Dziekonski. Occupational safety and health management in developing 
countries: a study of construction companies in Malawi. Pages: 303-318. 

Purpose. Whilst occupational safety and health (OSH) management is recognized as an 
important mechanism for addressing poor OSH performance, limited empirical insight is 
available on OSH management by construction companies in sub-Saharan Africa. This 
study investigated OSH management by construction companies (i.e., contractors) in 
Malawi in order to unpick implementation issues that need attention. Materials and 
methods. 46 OSH management practices were probed through a survey of 
contractors. Results. Implementation of OSH practices amongst contractors is low, 
particularly for practices related to the policy, organizing, measuring and reviewing, and 
auditing elements of OSH management. Company size is associated with implementation 
of nearly half of the 46 OSH practices. Certification of the company to Standard No. 
OHSAS 1800:2007 is associated with the implementation of fewer 
practices. Conclusions. OSH management improvement efforts would need to focus on 
the elements with particularly low implementation of practices as well as include 
initiatives that focus on helping microenterprises to improve their OSH management. The 
association between business characteristics and OSH management may be more evident 
with certain elements, such as the organizing element. Furthermore, certification to 
Standard No. OHSAS 1800:2007 may not necessarily translate into greater 
implementation of OSH management practices, especially in developing countries. 
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Mohammad Yazdi, Orhan Korhan & Sahand Daneshvar. Application of 
fuzzy fault tree analysis based on modified fuzzy AHP and fuzzy TOPSIS 
for fire and explosion in the process industry. Pages: 319-335. 

This study aimed at establishing fault tree analysis (FTA) using expert opinion to 
compute the probability of an event. To find the probability of the top event (TE), all 
probabilities of the basic events (BEs) should be available when the FTA is drawn. In this 
case, employing expert judgment can be used as an alternative to failure data in an 
awkward situation. The fuzzy analytical hierarchy process as a standard technique is 
used to give a specific weight to each expert, and fuzzy set theory is engaged for 



aggregating expert opinion. In this regard, the probability of BEs will be computed and, 
consequently, the probability of the TE obtained using Boolean algebra. Additionally, to 
reduce the probability of the TE in terms of three parameters (safety consequences, cost 
and benefit), the importance measurement technique and modified TOPSIS was 
employed. The effectiveness of the proposed approach is demonstrated with a real-life 
case study. 

 Keywords: fault tree analysis, fuzzy set theory, chemical complex plant, expert 
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Gilseung Ahn, Sun Hur & Myung-Chul Jung. Bayesian network model to 
diagnose WMSDs with working characteristics. Pages: 336-347. 

Aim. It is essential to understand the extent to which job characteristics impact work-
related musculoskeletal disorders (WMSDs), and to calculate the probability that an 
employee will suffer from a musculoskeletal disorder given their working conditions. The 
objective of this research is to identify the relationships between WMSDs and working 
characteristics, by developing a Bayesian network (BN) model to calculate the probability 
that an employee suffers from a musculoskeletal disorder. Methods. A conceptual model 
was constructed based on a BN. This was then statistically tested and corrected to 
establish a BN model. Results. Experiments verified that the BN model achieves a better 
diagnostic performance than artificial neural network, support vector machine and 
decision tree approaches, and is robust in diagnosing WMSDs given working 
characteristics. Conclusion. It was verified that working characteristics, such as working 
hours and pace, impact the incidence rate of WMSDs, and a BN model was developed to 
probabilistically diagnose WMSDs. 

 Keywords: work-related musculoskeletal disorders, Bayesian network, working 
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Mario Fargnoli, Mara Lombardi, Nicolas Haber & Francesco Guadagno. 
Hazard function deployment: a QFD-based tool for the assessment of 
working tasks – a practical study in the construction industry. Pages: 
348-369. 

Despite the efforts made, the number of accidents has not significantly decreased in the 
construction industry. The main reasons can be found in the peculiarities of working 
activities in this sector, where hazard analysis and safety management are more difficult 
than in other industries. To deal with these problems, a comprehensive approach for 
hazard analysis is needed, focusing on the activities in which a working task is articulated 
since they are characterized by different types of hazards and thus risk levels. The study 
proposes a methodology that integrates quality function deployment (QFD) and analytic 
network process methods to correlate working activities, hazardous events and possible 
consequences. This provides more effective decision-making, while reducing the 
ambiguity of the qualitative assessment criteria. The results achieved can augment 
knowledge on the usability of QFD in safety research, providing a basis for its application 
for further studies. 

 Keywords: occupational health and safety, quality function deployment, analytic 
network process, risk assessment, hazards prioritization, safety management, 
construction industry 

Zhaohua Zhang, Xiangning Tang, Jun Li & Wenyi Yang. The effect of 
dynamic friction with wet fabrics on skin wetness perception. Pages: 
370-383 



Purpose. To investigate the effect of cold stimulation (contacting wet fabric) and tactile 
stimulation (dynamic friction) on skin wetness perception: (a) wetness perception of 
fabric with different water transfer performance; (b) wetness perception of fabric with 
different water content; (c) wetness perception of fabric at different friction velocity with 
skin. Methods. Twenty participants were screened as reliable assessors using a 7-point 
wetness rating scale. The dynamic friction between skin and fabric was simulated by a 
self-made device with an adjustable speed controller. Each participant was asked to 
finish 18 assessments: 3 types of knitted fabric (cotton, polyester/spandex and 
Coolmax®) × 3 water contents (low, medium and high) × 2 friction velocities (30 and 
90 mm/s). The subjective wetness perception and skin cooling rate were recorded during 
the experiments. Conclusions. The fabric type, water content and friction velocity 
significantly influence skin perceptual wetness. Fabric with good liquid moisture 
management property is perceived as significantly less wet, especially under a heavy 
sweaty state of the human body. The stronger wetness perception is perceived when 
fabric with a small frictional coefficient rubs skin at a lower friction velocity. The 
maximum transient thermal flow of fabric has a significantly positive correlation with 
wetness perception (r = 0.972). 

 Keywords: wetness perception, dynamic friction, skin cooling rate, frictional 
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Vishnu Sasikumar & Second champakkadayil Abdul basheer Binoosh. A 
model for predicting the risk of musculoskeletal disorders among 
computer professionals. Pages: 384-396. 

Objective. This study aimed to develop a model for predicting the risk of musculoskeletal 
disorders among computer professionals. Materials and methods. A preliminary study 
with a modified Nordic musculoskeletal questionnaire was conducted to identify the risk 
in different body parts of the professionals during their work. A discrete postural 
evaluation of the dynamic postures involved in the work was assessed using rapid upper 
limb assessment. Postural, physiological and work-related factors were considered as 
attributes of the model. The model was developed using various machine learning 
algorithms, and was then tested and validated. Results. The postural factor of the 
computer professionals was found to be significantly (p < 0.01) correlated with the 
musculoskeletal disorders. Results of the logistic regression analysis showed that 
physiological and work-related factors were also significantly (p < 0.05) associated with 
musculoskeletal disorders. The Random Forest algorithm and Naïve Bayes Classifier 
predicted the risk of musculoskeletal disorders with the highest accuracy (81.25%). 
Conclusion. Postural, physiological and work-related factors contribute to the 
development of musculoskeletal disorders. The Random Forest algorithm or Naïve Bayes 
Classifier model developed based on these factors could be used to accurately predict the 
risk of musculoskeletal disorders among computer professionals at any instance of time, 
during their work. 
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Jarosława Belowska, Mariusz Panczyk, Aleksander Zarzeka, Lucyna 
Iwanow, Ilona Cieślak & Joanna Gotlib. Promoting evidence-based 
practice – perceived knowledge, behaviours and attitudes of Polish 
nurses: a cross-sectional validation study. Pages: 397-405 

Purpose. Evidence-based practice (EBP) is recognized by the healthcare community as 
the gold standard for the provision of safe and compassionate healthcare. The aim was to 
describe nurses’ knowledge, behaviours and attitudes regarding EBP. Materials and 
methods. A cross-sectional approach was conducted during specialty state examinations 



in Poland in 2014 in a sample of 548 nurses. The self-completed reliable and valid 
evidence-based practice profile questionnaire (Australia) was used. Statistical analysis 
included Cronbach’s α coefficient, analysis of variance, the Guttman split-half 
method and calculations in Statistica version 12. Results. Although the participants’ 
beliefs about the benefits of EBP were high, their knowledge was relatively low. 
Statistically significant correlations were found between barriers and practice, knowledge 
and attitudes in relation to the level of nurses’ education (p < 0.001 to p < 0.05). Total 
Cronbach’s α coefficient was 0.970. Conclusions. Study findings highlight the 
importance of further supplementation of knowledge about EBP. The difficulties in using 
EBP in clinical practice are objective and require changes in the Polish system of nursing 
care. Additionally, life-long updating knowledge in the area of EBP by participation in 
various forms of postgraduate education can produce improvements in the knowledge, 
behaviours and attitudes of nurses in creating a positive EBP profile. 
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Monika Okhiria, Aleksandra Truszczyńska-Baszak & Adam Tarnowski. 
Assessment of work-related fatigue in Polish physiotherapists and of its 
effect on their diagnostic accuracy and physiotherapy planning. Pages: 
406-412. 

Introduction. A physiotherapist’s work requires constant focus, concentration and good 
physical constitution. Nowadays, we can observe an increasing demand for 
physiotherapist services, as the number of patients and working hours are increasing. As 
a result, physiotherapists experience growing work-related load and fatigue. The aim of 
this study was to assess the degree and characteristics of fatigue in physiotherapists, as 
well as to assess its effect on the accuracy of their functional diagnosis and the 
therapeutic treatment they propose. Methods. The study population consisted of 18 
physiotherapists. To assess subjective fatigue, we used the Japanese questionnaire, and 
to assess the number of mistakes made, we used two films made by our group that 
presented a functional examination of patients. Results. The analysis of fatigue in 
physiotherapists after a day’s work showed a significant decrease in activity, decrease in 
motivation and increase in physical fatigue. The number of mistakes made after a day’s 
work increased. Conclusions. The study showed that the work of physiotherapists 
negatively affects the levels of activity, motivation and physical strength. Diagnostic 
accuracy and physiotherapy planning was worse after a day’s work. The occupation of a 
physiotherapists was categorized as psychologically burdening. 
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Garrick N. Forman, Victoria Breitner, Ryan Shivpaul, Donna Murczek & 
Mike W.R. Holmes. Upper extremity posture and muscle activity during 
IV pole interaction. Pages: 413-422. 

Background. The physical demands associated with patient handling activities have 
been well documented in healthcare. However, many activities contribute to the physical 
demands of caregivers. Our purpose was to evaluate upper extremity muscle activity and 
kinematics during intravenous (IV) pole interaction. Materials and methods. Muscle 
activity was measured from six muscles using surface electromyography and joint 
kinematics were measured using motion capture. Participants performed two IV pole 
tasks: loading an IV bag and a medical device onto the pole. Two poles were evaluated: 
a traditional IV pole and a redesigned pole with ergonomic considerations. Results. 
Cervical extensor activity was significantly greater for the bag task with the traditional 
pole (43.29 ± 5.10% maximal voluntary exertion) compared to the redesigned pole 
(28.55 ± 3.42% maximal voluntary exertion). Peak right shoulder flexion was reduced 



from 102.88° ± 32.42° with the traditional pole to 55.44° ± 19.59° with the redesigned 
pole. Conclusion. Interactions with a traditional pole are comparable to upper extremity 
muscle activity during manual patient handling transfers. The redesigned pole reduced 
shoulder flexion during bag attachment, leading to less time in an overhead posture. 
Caregivers frequently interact with IV poles and reducing the physical demands 
associated with pole use could aid in a reduction of musculoskeletal disorders. 
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Yi-Lang Chen, Chia-Ying Li, Chao-Hsuan Wang & Shiun Hu. The effect of 
wearing jeans on maximum static lifting strength for men and women at 
various exertion heights. Pages: 423-428. 

This study collected maximum static lifting strength (MSLS) data from 13 males and 13 
females at an exertion height of 10–100 cm above the floor (in 10-cm increments) in 
wearing athletic shorts and wearing jeans conditions. Knee angles were also examined 
when participants performed the MSLS tasks. Results showed that gender, pant type and 
exertion height significantly affected participants’ MSLS and corresponding knee angle. 
The effect of wearing jeans primarily occurred at 10–40 cm; meanwhile, male 
participants tended to stoop while exerting force. This substantially decreased their MSLS 
(55 N). For female participants in this exertion height range, no significant difference was 
found in knee angles; accordingly, wearing jeans only slightly affected their MSLS. In 
summary, wearing jeans had a noticeable effect on the MSLS of male participants, who 
should be particularly careful when performing lifting tasks at a height of less than 50 cm 
above the floor. 
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