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Abstract: Occupational health and safety (OHS) still represent a relevant problem at a global level despite the ever-increasing 

effort made in the last years at the normative level. Recent research on the factors influencing this phenomenon has shown the 

difficulties in bringing to light accidents’ causalities and in the definition of the related measures for safety management. 

Actually, the risk assessment should take into account the mutual influences among the different risks and the related potential 

effects, while performing risk assessment in a sequential manner cannot always consider these interactions properly. To deal 

with such an issue, the use of the Quality Function Deployment (QFD) method has been proposed in several studies to perform 

hazard analysis and risk assessment more thoroughly. Nevertheless, although the above-mentioned studies provide remarkable 

research insights concerning the use of QFD in such a context, a comparative analysis bringing to light the effectiveness of the 

different approaches is missing. To reduce this gap the current study aims at investigating the recent research proposing QFD 

as a tool for hazard analysis and risk evaluation. The outcome of the study has shown that while all the approaches rely on the 

cause-effect mechanism inherent to the functioning of the House of Quality (HoQ), different goals and results can be achieved 

depending on the analysis standpoint (i.e. a top-down or a bottom-up approach) and the supportive tools used, such as analytic 

network process (ANP), or fuzzy logic. Accordingly, the study output can contribute practically to augmenting knowledge on 

the use of decision-making tools based on QFD in safety management.  
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I. INTRODUCTION 

Accidents occurring during work activities remain a 

remarkable problem in most countries, despite the 

intervention of governments in issuing ever-stricter 

regulations and promoting occupational health and safety 

(OHS) guidelines. For example, in the European Union, 

in 2019, there were 3.1 million non-fatal accidents, which 

resulted in 3.408 fatal accidents [1]. These numbers show 

an increase between 2018 and 2019 both in the total 

number of non-fatal accidents at work in the EU (of about 

0.5 %) and in fatalities (of about 2.3 %). In Figure 1 an 

excerpt of the incidence rates of accidents related to 2018 

and 2019 is reported.  

To deal with such a phenomenon from the engineering 

point of view, numerous tools to augment risk assessment 

have been proposed in recent years. As stressed by Pinto 

et al. [2], a large number of different occupational risk 

assessment (ORA) tools have been presented by 

researchers and practitioners, which mainly consist of 

three different steps: 

1. Identification of potential hazards. 

2. Assessment of the risks. 

3. Hierarchy of risks. 

 

Fig. 1. Incidence rates of occupational accidents in the EU (adapted 

from: [1]). 

ORA tools are usually based on data that are susceptible 

to uncertainty and imprecision due to lack of information, 

the use of expert judgments, or subjective interpretations 
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[3]. To reduce these uncertainties by providing more 

reliable results, several studies have proposed the 

adaptation of the Quality Function Deployment (QFD) 

method [4], whose mechanism allows engineers to filter 

subjective judgments and elicit critical factors by means 

of the assessment of mutual relationships among them 

[5]. Actually, the use of QFD’s matrices reduces the 

limitations of sequential ORA tools, which can scarcely 

take into account the complexity of the interactions 

among the various risk assessment factors [2, 6]. 

However, the comparison between the different QFD 

approaches in the safety analysis context has not been 

sufficiently discussed in the literature. Accordingly, to 

reduce such a research gap the current study aims at 

investigating the recent research proposing QFD as a tool 

for hazard analysis and risk evaluation. More in detail, 

the remainder of the article is the following: in Section 2, 

the background analysis is provided, illustrating the 

extant research on the QFD applications in the safety 

analysis. Section 3 presents our research approach, while 

its application to a practical case study is described in 

Section 4. Then, Section 5 discusses the results achieved 

concluding the article. 

II. BACKGROUND ANALYSIS 

A. The Quality Function Deployment method 

In the industrial world, the capability of a product or a 

service to effectively meet the needs and requirements of 

potential customers is a crucial factor in design and 

development activities. In this context, Quality Function 

Deployment (QFD) is one of the most widespread tools 

used to improve the quality of products, services, or their 

combinations (i.e. the so-called Product–Service Systems 

(PSSs)), allowing engineers to elicit customer 

requirements successfully [7]. A plethora of studies have 

demonstrated its benefits in different sectors (e.g. [8-12]. 

The main functioning of QFD is based on a set of 

matrices called the “House of Quality” (HoQ), which 

relies on a cause-effect mechanism to combine the so-

called “whats” (i.e. the Customer Requirements (CRs)) 

with the so-called “hows” (i.e. the Engineering 

Characteristics (ECs)) by means of a relationship matrix 

[13]. In addition to such a basic scheme, the assessment 

of the “hows” is also provided as well as the mutual 

comparisons that can be performed by means of several 

correlation matrices. In figure 2 a scheme of the 

traditional HoQ is presented. The traditional QFD [4] 

relies on four phases, each one of them using a specific 

HoQ, which are aimed at identifying and prioritizing: 

• Phase 1: engineering characteristics starting 

from customer requirements; 

• Phase 2: parts characteristics starting from 

engineering characteristics; 

• Phase 3: process parameters starting from parts 

characteristics; 

• Phase 4: quality control parameters starting 

from process parameters. 

Starting from this procedure, in recent years, researchers 

and practitioners have also proposed different tools based 

on the QFD main framework to analyze specific 

product/service properties. For instance, different 

examples of “environmental QFD” tools can be found, 

which are aimed at investigating the environmental 

performances of a product/service [14]. In such a context, 

an example is represented by the Quality Function 

Deployment for Environment (QFDE) method, whose 

goal is not represented by the development of a specific 

product/service, but consists in the assessment of its 

environmental priorities [15]. Actually, QFDE allows the 

comparison of different technical options, providing an 

estimation of the best performances in environmental 

terms. 

 

Fig. 2. Scheme of the House of Quality 

Another example of QFD-based tools is represented by 

the ones aimed at the development Product/Service 

Systems (PSSs), where services should be considered as 

any kind of activity (such as installation, inspection, 

operation, maintenance, take-back, and consultation) 

included in a business offering [16]. In this ambit, a 

noteworthy example is represented by the QFD for 

Product/Service System (QFDfPSS) method [17], where 

the concept of Receiver State Parameters (RSPs) is 

included to replace CRs. RSPs should be intended as any 

aspects producing a positive or a negative effect on a PSS 

receiver [18].  

B. QFD in safety engineering 

Also in the field of safety different QFD-based solutions 

have been proposed, although in this sector the use of 

QFD is less diffused than in the environmental one. The 

main reasons for this are mainly related to the different 

nature of safety issues if compared to environmental 

concerns since the safety of products and processes is 

strictly correlated to the application of safety 

requirements by laws and regulations. Hence, the target 

levels for which engineers long are defined by mandatory 

requisites. Accordingly, most common QFD-based 
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methods in engineering safety are based on the inclusion 

of safety requisites into customer requirements. Besides 

this conventional application of QFD, two novel 

approaches have been proposed in the literature, which 

rely on the cause-effect mechanism guaranteed by the 

HoQ: 

1. Liu and Tsai [19] developed a two-phase approach 

capable of establishing a correlation between working 

tasks and hazard types (first phase), and between 

hazard types and hazard causes (second phase). A 

scheme of such a top-down approach for hazard 

analysis is reported in figure 3, where the use of the 

correlation matrices is supported by the Analytic 

Network Process (ANP) technique to address the 

inner relationships and interrelationships among the 

components of each HoQ. In this study, this approach 

was named “Liu and Tsai approach”.  

 

Fig. 3. Scheme of the approach proposed by Liu and Tsai [19] 

2. Bas [20] proposed a three-phase approach where the 

different HoQs namely link tasks with hazards, 

hazards with events, and events with preventive and 

protective measures. The scheme of such a bottom-up 

approach risk analysis is illustrated in figure 4. This 

approach, augmented by the ANP method was further 

named Hazard Function Deployment (HFD) [5]. In 

this study, this approach was named “Bas approach”. 

 

 

Fig. 4. Scheme of the Bas approach [20] 

These approaches have been discussed and augmented by 

several studies [21-26]. However, these studies provide 

only partial analyses, while their practical comparison 

aimed at proposing a more thorough examination is 

missing.  

III. METHODS 

To address this issue, both the above-mentioned safety 

QFD approaches were applied to the same case study, 

consisting of the risk analysis of a wheeled road paver 

machinery, which is used both for road repair work and 

for the construction of new roads. In figure 5 the main 

activities related to this process are summarized based on 

interviews with operators.   
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Fig. 5. Main phases of the paver use. 

The working tasks related to the machinery use were 

obtained through interviews with the operators and safety 

experts. The following tasks were taken into account:   

• T1 = preparation; 

• T2 = hopper filling; 

• T3 = conveyor operating; 

• T4 = floating screed operating; 

• T5 = blades regulation; 

• T6 = material compacting; 

• T7 = conclusive operations. 

With reference to the Liu and Tsai approach, hazard types 

(K) and hazard causes (C) were elicited as shown in table 

1.   

TABLE I 
HAZARD TYPES AND HAZARD CAUSES 

Hazard Types Hazard Causes 

K1 = Mechanical h. 

K2 = Fire h. 

K3 = Noise h. 

K4 = Vibration h. 

K5 = Heat h. 

K6 = Chemical h. 

K7 = Biological h. 

K8= Micro-climate h. 

C1 = Work environment 

C2 = Machinery use 

C3 = Materials 

C4 = External factors 

C5 = Work organization 

C6 = Operator’s behaviour 

 

As far as the Bas approach is concerned, the following 

elements were considered regarding the list of hazardous 

events (E) and the preventive/protective measures (P). 

TABLE 2 

HAZARDOUS EVENTS AND P/P MEASURES 

Hazardous events P/P measures 

E1 = Cutting 

E2 = Crushing 

E3 = Contact with hot parts 

E4 = Falling 

E5 = Hit by ejected 

materials 

E6 = Collision 

E7 = Slipping 

E8 = Hit by a falling object 

E9 = Entrapment 

E10 = Explosion 

P1 = Lighting devices 

P2 = Obstacles’ detection 

systems 

P3 = Motion delay device 

P4 = Anti-slipping surfaces 

P5 = Protection against 

falling 

P6 = Hold-to-run control 

system 

P7 = Emergency stop device 

P8 = Guards 

P9 = Pressure control 

system 

P10 = Roll over protective 

system 

P11 = Personal protective 

equipment 

P12 = Operators’ 

information and training 

 

Based on this, to compare the two approaches the 

following assumptions were made.  

In the Liu and Tsai approach, the ANP approach was used 

to develop each HoQ. With this goal in mind, a group of 

experts belonging to the Italian Compensation Authority 

(INAIL) was involved in the pair comparison assessment 

of the variables.  

Regarding the integration of the ANP technique with the 

HoQ, in the literature, numerous examples can be found 

[27-29]. In this study, the augmented HoQ was obtained 

as schematized in figure 6, where: 

• W1 represents an eigenvector reflecting the 

importance degree of each what. 

• W2 represents the correlation matrix among the 

“whats”, i.e. the results of the pairwise comparison of 

each “what” with respect to the others, i.e. it 

represents the inner dependency matrix of CRs. 

• W3 represents the relationship matrix, where the 

pairwise comparison of each “what” with respect to 

each “how” is defined. 

• W4 represents the correlation matrix among the 

“hows”, i.e. the results of the pairwise comparison of 

each “how” with respect to the others, reflecting the 

inner dependency matrix of ECs. 

• W5 represents an eigenvector reflecting the 

importance degree of each “how”. 



XXVII Summer School “Francesco Turco” – «Unconventional Plants» 

Accordingly, the overall priorities of the ECs are 

computed by multiplying the abovementioned 

eigenvectors/matrices as follows: 

W5  = WECs × WCRs = (W4 × W3) × (W2 × W1)  

 

 

Fig. 6. Scheme of the HoQ augmented by the ANP technique. 

 

In the Bas approach, to calculate the priority of the events 

(E) the probability of occurrence and the expected 

consequences of events based on the accident reports 

published by INAIL are considered. These values are 

computed for each event by means of the following 

equation: 

𝒘𝑬 = 𝒘𝑬𝑷 (𝒐𝒏𝒇 × 𝒔𝒏𝒇  + 𝒐𝒇 × 𝒔𝒇) 

where:  

• wE = represents the final priority of the event; 

• wEP = represents the preliminary priority of the 

event derived from the HoQ results; 

• onf = is the probability occurrence of that leads 

to a non-fatal occupational injury; 

• of = the probability occurrence of that leads to a 

fatal occupational injury; 

• snf = represents the severity of the event that 

leads to a non-fatal occupational injury; 

• sf = represents the severity of the event that leads 

to a fatal occupational injury. 

More in detail, the computation of the probability of 

occurrence is based on accident statistics related to fatal 

and non-fatal accidents that occurred in road paving 

activities, following the procedure proposed by Bas [20].  

Differently, the severity was calculated using the criteria 

used by the Italian Compensation Authority, as reported 

in table 3. 

 

TABLE 3 

SEVERITY ASSESSMENT CRITERIA 

Recovery 

period (days) 

Severity 

description 

Severity score 

up to 15 

16 – 50 

51-100 

more than 100 

--- 

Minor injury 

Moderate injury 

Serious injury 

Critical injury 

Death 

5 

10 

20 

50 

75 

 

IV. RESULTS  

In the following table, the output of the Liu and Tsai 

approach are summarized. In particular, table 4 shows the 

values obtained for hazard types and causes, while figure 

7 depicts the prioritization of the former. 

TABLE 4 

HAZARD TYPES AND HAZARD CAUSES 

Hazard Types Hazard Causes 

K1 = 0.141 

K2 = 0.113 

K3 = 0.086 

K4 = 0.073 

K5 = 0.169 

K6 = 0.112 

K7 = 0.066 

K8= 0.100 

C1 = 0.206 

C2 = 0.215 

C3 = 0.188 

C4 = 0.073 

C5 = 0.111 

C6 = 0.234 

 

 

Fig. 7. Hazard types’ relevance 

From figure 7 it emerges that the most critical hazards are 

K5 (i.e. the presence of hot parts, surfaces, and materials), 

K1 (i.e. mechanical hazards due to moving parts), and K2 

(noise hazard) respectively. As far as the hazard causes are 

concerned, the most relevant are C6 (the behavior of the 

operator), C2 (use of the machinery), and C1 (the work 

environment), as illustrated in figure 8. 

Differently, as shown in table 5, the Bas approach showed 

that the most critical event is represented by E4, i.e. falls 

from the machinery or due to slips, followed by 

entrapment (E9) and crushing (E2). 
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Fig. 8. Hazard causes relevance 

 

TABLE 5 
OUTPUT OF THE BAS APPROACH 

Hazardous events P/P measures 

E1 = 0.0042 

E2 = 0.1468 

E3 = 0.0272 

E4 = 0.3571 

E5 = 0.0137 

E6 = 0.0970 

E7 = 0.1160 

E8 = 0.0525 

E9 = 0.1845 

E10 = 0.0007 

P1 = 0.093 

P2 = 0.088 

P3 = 0.079 

P4 = 0.076 

P5 = 0.076 

P6 = 0.042 

P7 = 0.115 

P8 = 0.041 

P9 = 0.014 

P10 = 0.111 

P11 = 0.143 

P12 = 0.122 

 

Accordingly, as per the priority of preventive/protective 

measures, most relevant interventions are represented by 

the use of personal protective equipment (P11), 

operator’s information and training (P12), the presence 

of both the emergency stop device (P7) and a roll-over 

protective structure (P10), as shown in figure 9. 

V. DISCUSSION AND CONCLUSIONS 

The results achieved have shown interesting findings 

concerning the use of road paver machinery. On the one 

hand, from the Liu and Tsai approach, it emerged that the 

main causes of accidents are related to the behavior of the 

operator during the machinery use rather than during the 

transportation or storage phase. Additionally, also the 

work environment, i.e. hazards related to the work site 

resulted crucial from the OHS point of view. These 

outputs are in line with similar studies related to the use 

of work equipment in construction sites such as Su et al. 

[30], as well as in other sectors [31-32]. On the other 

hand, the Bas approach allowed us to elicit and prioritize 

the hazardous events and the related preventive and 

protective measures, bringing to light the relevance of 

minor accidents such as slips and falls. These accidents 

are rarely reported since they usually require a few days 

for recovering. 

 

Fig. 9. Preventive/protective measures relevance 

However, their occurrence is reasonably common, 

representing a contributing factor to OHS accidents 

among self-propelled machinery in line with research 

hints by Shibuya et al. [33] and Aminbakhsh et al. [34]. 

Accordingly, among the most relevant preventive 

measures, OHS information and training emerged. 

From a more general perspective, it should be pointed out 

that both the QFD-based approaches considered in this 

study allow a clearer and more precise differentiation of 

the analyzed parameters thanks to the set of matrices of 

the HoQ. In particular, the Liu and Tsai approach, 

combining QFD and ANP, provides a more consistent 

analysis thanks to the integration of interdependent 

relationships among the different parameters, 

guaranteeing more precise information on the safety 

conditions. This confirms that the implementation of 

management tools for OHS allows bringing to light most 

critical factors related to the management of safety both at 

the individual and company level [35]. Although both 

approaches start from the analysis of working tasks, the 

Liu and Tsai approach relies on a top-down procedure as 

it focuses on what could cause harm. However, a bottom-

up approach should be preferred to provide engineers with 

a more comprehensive procedure for hazard analysis and 

elicitation as suggested by the ISO/TR 14121-2:2012 

report [36]. Based on this, the Bas approach appears more 

effective since it focuses on hazardous situations that can 

lead to harm, although the use of three HoQs is more time-

consuming and the analysis should be supported by 

additional techniques such as ANP, Analytic Hierarchy 

Process (AHP), or fuzzy logic, as suggested by Sivasamy 

et al. [37].  

In conclusion, the current study represents a first attempt 

to practically compare two different QFD-based tools for 

hazard analysis and risk evaluation, providing new 

insights for safety management capable of reducing the 

ambiguity of qualitative assessment criteria used in 

traditional risk assessment activities. However, further 

research is needed to evaluate the effectiveness of the 

proposed approaches also in different contexts. 
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