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ABSTRACT 

Response time management is one of the most critical issues for firefighting organizations in the process industries. 

Thus, in emergency response success, it is of particular importance to apply an appropriate method to identify, 

prioritize, and manage factors influencing response time. The current study aimed to determine factors affecting 

firefighters' response time in Iranian process industries. Therefore, firstly a Hierarchical Task Analysis (HTA) was 

performed for firefighting emergency response-related activities. Then, time influencing factors for each task were 

determined. Finally, we chose the importance of each influencing factor and its priority based on the Fuzzy Chang 

approach. The results showed that factors, including the proper location of the firefighting truck, wearing and adjusting 

the breathing apparatus (BA) strap, and crowded at the scene had a significant impact on the response time to fire 

alarms. The related weights were equal to 0.049, 0.0485, and 0.0481, respectively. On the contrary, the wrong size of 

protective ensembles, BA weight, and height of car chassis factors were not significant in the response time. Their 

weight was equal to 0.0003, 0.002, and 0.0073, respectively. The results showed that the Fuzzy Hierarchical Task 

Analysis Approach (FHTA) could be used to identify and prioritize the factors influencing firefighting response time. 
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INTRODUCTION

Fire and explosion incidences in industrial 

environments cost companies and governments 

billions of dollars each year [1]. According to the latest 

statistics from the National Fire Protection Association 

(NFPA), 37,000 fires occur in industrial and 

manufacturing every year, with an average number of 

16 civilians death, 273 injuries, and 1.2 billion dollars 

of financial losses [2-4]. The results of previous 

reports showed that about 40 percent of major 

industrial accidents were related to fires in Iran [5]. It 

was also found that about 15 percent of fatalities in oil 

and gas industries were related to fires and explosions, 

with the highest number of fatalities following traffic 

(% 41) and technical accidents (% 26)[6].  

 

Many managerial and technical approaches have been 

suggested to minimize such severe incidents' 

occurrence and reduce their potential consequences. 

Therefore, preventive approaches and emergency 

response arrangements were utilized to mitigate the 

incident consequences. Generally speaking, the 

purpose of the emergency response is to save lives and 

minimize damages to property and infrastructures [7-

10]. One of the most critical principles in emergency 

response quality and effectiveness is the response time 

[11, 12]. Firefighting response time refers to the time 

between an emergency call being received and a fire 

engine arriving at the incident scene. This time is a 

very important factor in preventing the severity of the 

consequences. Zarei et al. showed that if the response 

time of firefighters took more than 5 minutes, the 

probability of domino effects increases dramatically 

[13]. 

 

It can be addressed due to the time-depended nature of 

the emergencies and the importance of the golden time 

requirement where the primary purpose of the 

emergency responders and services is the prompt and 

efficient mobilization of firefighters in response to a 

fire or other related incidents [14, 15]. The emergency 

response concept can be identified by resources, 

systems, and personnel [16].  
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Among those factors, the system aspects, including 

scheduling, task analysis, and so on, might strengthen 

personnel and operation efficiency in case of 

emergency incidents [7]. Studies have shown a 

logarithmic relationship between the number of fire 

damages and the rapid response of firefighters [17]. A 

slight delay in the dispatch process can lead to serious 

injuries. Thus, there would be severe consequences if 

there were no prompt intervention of firefighters [18-

20].  

 

Therefore, decreasing the response time and 

improving fire safety measures can significantly 

reduce potential fire damage. Next to that, various 

standards were set to measure firefighting response 

times performance [21] and internal best practices 

adopted by own organizations. For instance, NFPA 

1710 suggests 4 minutes arrival time for 90% of  

municipal firefighting units [22]. However, there are 

operation standards and scenario differences between 

the industrial firefighting units and other sectors. 

Therefore, pre-incident planning should observe these 

time criteria and reduce the actual performances [17, 

23, 24]. Due to the inherent characteristic of flame 

spread for the majority of the hydrocarbon products, 

swift responses are critical for industrial firefighting 

operations. On the other hand, complex and unplanned 

conditions at the incident scene might increase the 

overall incident control time [25, 26]. Therefore, one 

key to efficient response is decreasing the response 

time as much as possible [27].  

 

In the previous studies, the researchers investigated 

emergency response time importance [16, 28-31], the 

relationship between the response time and the amount 

of damage and losses [17, 32-34], as well as the 

simulation of emergencies response times [11, 35]. All 

studies have found a strong relationship between the 

response time and the amount of fire damage.  
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Cabral et al. in their systematic review investigated the 

response time concepts in the emergency medical 

services response time. They discussed factors that 

interfere with the response time, such as the Gross 

Domestic Product (GDP) percentage spent on health 

and life expectancy of countries. They found that 

higher medical and health quality levels might reduce 

the response time for emergency medical services 

[36]. Through survival data analysis, Yeboah perused 

the influence of tree factors of highway-railway grade 

crossings, fire equipment allocation, and multiple 

incident occurrences in a fire district on the emergency 

response time. He demonstrated the benefits of having 

a grade crossing monitoring system and reallocation of 

fire engines with special features to improve 

emergency response time (37).  Challands et al. 

investigated the monetary benefit of rapid emergency 

response with respect to the desired outcomes. So, they 

found the impact of proper communication 

technologies in response time improvement [38]. 

 

In a study conducted by Lu et al., they investigated the 

relationship between response time and fire-affected 

areas. So, it was found that the fire control ability 

becomes poor with longer fire attendance time [17]. 

Sund et al. also assessed the relationship between the 

dual dispatch technique and survival rates related to 

Emergency Medical Services (EMS) and fire 

departments. The results of their study showed great 

financial benefits for dual dispatch of emergency 

teams [33]. In another study, Jaldell et al. investigated 

the relationship between response time and injury 

rates. They concluded that the total monetary values 

for one minute of time-saving for each dispatch, 

summarized over one year, were 1.6 billion Thai baht 

[34]. Moreover, a direct relationship between response 

time and fire casualty by considering the type of 

accident place was found. They showed that the 

response time was crucial for blocks of flats, nursing 

homes, and semi-detached/terraced houses [16]. 

Aleisa et al. used a simulation approach to reduce the 

response time in their study. They successfully were 

able to reduce the average response from 7.3 minutes 

to around 3 minutes [11]. Subramaniam et al. 

measured the various response times for firefighters to 

get to the fire truck from the waiting room in selected 

fire stations in Malaysia. They concluded that the 

average initial emergency response implemented by 

firefighting units in Malaysia was better than that 

reported by previous studies by other emergency 

responders [7]. Tezavella et al. used Volunteered 

Geographic Information (VGI) and open-source data 

in an ArcGIS environment to reduce the emergency 

response time. They reported that VGI might decrease 

the emergency response time [39]. 

 

Despite the previous studies about the emergency 

medical response time, simulation and measurement, 

subsequent consequences, and impressible factors, 

there is a lack of studies to investigate influencing 

factors in the industrial environment response time. 

However, technical approaches such as the fuzzy 

technique to reduce uncertainty would be useful to 

reduce uncertainty in assessing and managing safety 

and emergency management [40-45]. Therefore, we 

aimed to identify factors influencing firefighters' 

response time through a Fuzzy approach. 

MATERIALS AND METHODS 

The current study follows a three steps procedures as 

presented in Figure 1.  

Firefighting task analysis:  

In the first step, we selected 20 firefighters to 

participate in the study as the expert panel, including 

firetruck drivers, dispatchers, managers, and field 

firefighters. Demographic information of the experts 

has been demonstrated in the Appendix. Two factors 

of work experience (at least 15 years) and educational 

level (at least a bachelor's degree) were defined to 

screen the initial group. The data collection process 

was performed through face-to-face interviews with 

experts in the fire centers of two major process 

industries, a large urban fire department, and 

correspondence with faculty members of two 

prestigious universities. Based on the inclusion 

criteria, four firefighters were selected to enter the 

study. Then, we examined the main steps of 

firefighters' dispatch operation for fire response based 

on the defined procedure. The Hierarchical Task 

Analysis (HTA) technique was used to analyze the 

initial stages of fire response assignments. This 

analysis technique included all activities from 

receiving a fire alarm to dismounting the fire truck at 

the incident scene. 
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Firefighting task analysis

Determining influencing factors on 

the response time

Calculating relative importance and 

prioritizing steps 

Hierarchical Task 

Analysis (HTA)

Firefighter's opinion

Fuzzy approach

 

Figure 1. Time delay factors for industrial fire response steps 

 

 

Determining influencing factors on the 

response time: 

We identified the influencing factors with potential 

impacts on each emergency response time task in the 

second phase. Therefore, we developed a preliminary 

list of influencing factors with hindering effects on the 

response time through a literature review and an initial 

interview with an expert panel. This preliminary list 

included various equipment, location, and 

organizational factors with the potential impact on the 

response time. Then, the respondents were asked to 

determine the factors with the most negative 

influences on response time. Based on their responses, 

we corrected some items and added some factors. 

Finally, all probable influencing factors on the 

response time at the end of this step were added. As it 

is well known, many factors can influence response-

related activities. Therefore, it was necessary to 

prioritize the importance of the selected influencing 

factors.  

 

 

 

 

Calculating relative importance and prioritizing 

steps:  

In this step, we developed a specialized weighting tool 

to determine the importance of each influential factor. 

A matrix was designed to make a pairwise comparison 

of the selected factors based on the verbal expression 

(see Table 1). To get the preferred ranking of criteria, 

if factor A was way much more important than factor 

B, the respondent was asked to assign 5. As shown in 

Table 1, we assigned fuzzy numbers to the variables 

and the weighted numbers, by which fuzzy operations 

were performed on weighting the influencing factors. 

Then, we determined the importance of all factors to 

each other based on the opinions of the relevant 

experts. Finally, the calculated fuzzy weights were 

entered into the Chang fuzzy system. The average 

fuzzy weights were calculated based on the weight of 

the verbal expression tables by the experts. On the 

other hand, mathematical relationships considering 

Chang's fuzzy approach were developed using Excel 

software. 
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Table 1. Change method verbal expressions weight 

Verbal expressions Weight definition 
Fuzzy numbers in the Chang 

model 

Equal importance 1 (1, 1, 1) 

A little more importance 2 (1, 1.5, 2) 

Relatively more importance 3 (1.5, 2, 2.5) 

Much more importance 4 (2, 2.5, 3) 

Very much more importance 5 (2.5, 3, 3.5) 

 

Finally, the calculated mean was entered into Excel 

software. Based on the relationships, the final weight 

of each factor was estimated, inducing a delay in 

response time. After determining the indices and 

options studied, the relative weights of each paired 

matrix were calculated using the Extent Analysis (EA) 

method. Then, the pairwise comparison matrix of the 

indices was calculated by the participants based on the 

set coefficients. Then, the relative weights of the 

indices were multiplied by the relative weights of the 

options. Consequently, the items selected were ranked 

based on the above steps. 

 CALCULATIONS 

Hierarchical task analysis (HTA): 

HTA is a widely used cohesive structure to analyze 

specific tasks, particularly in safety and ergonomics 

studies since the 1980s [46-49]. In HTA, the main goal 

is breaking down a goal into tasks, and as the process 

continues, researchers can identify all tasks in the jobs. 

The primary purpose of this method is to fully define 

tasks and identify the factors that affect the overall 

goal. The approach is top-down, and thus all tasks 

were identified with one main goal [46].  

Chang's fuzzy approach: 

Chang's fuzzy approach is based on the Extent 

Analysis (EA) method. In the EA method, for each 

pair of comparisons matrix, the value of Sk, which is a 

triangular number, was calculated based on Equation 

1[50]. 

𝑠𝑘 =  ∑ 𝑀𝑘𝑙 ×  [∑ ∑ 𝑀𝑖𝑗

𝑛

𝑗=1

𝑚

𝑖=1

]

−1𝑛

𝑗=1

                           (1) 

In this model, after calculating the sks, their large 

degree should be calculated relative to each other. In 

general, if M1 and M2 are two fuzzy triangular 

numbers, the large degree of M1 over M2, denoted by 

V (M1 ≥ M2), is defined as Equation 2: 

{
𝑉( 𝑀1 ≥ 𝑀2 ) = 1 if 𝑚1 ≥ 𝑚2

𝑉( 𝑀1 ≥ 𝑀2 ) = ℎ𝑔𝑡(𝑀1 ∩ 𝑀2) otherwise
(2) 

Then, the weighting of the indices in the 

paired comparison matrix is calculated by Equation 3: 

 𝑊′(𝑥𝑖) = 𝑀𝑖𝑛{𝑉(𝑆𝑖 ≥ 𝑆𝑘)}, 𝑘 = 1,2, … , 𝑛 , 𝑘

≠ 𝑖 (3) 

 

Therefore, the weight vector of the indices will be in 

Equation 4: 

𝑊′ = [𝑊′(𝑐1),  𝑊′(𝑐2), … , 𝑊′(𝑐𝑛)]𝑇 (4) 

 

Where, 𝑊′ is the vector of fuzzy non-normal AHP 

coefficients.  

 

FINDINGS/ RESULTS  

According to the Hierarchical Task Analysis (HTA) 

result, from receiving the initial alarm to the starting 

response operation at the incident scene, the 

firefighting operation consisted of seven main steps, 

illustrated in Fig 2. Accordingly, these seven steps 

construct the other phases of the fuzzy system. Also, 

we identified the delay factors influencing each step. 

In this step, we considered the final consensus of the 

experts. Table 2 demonstrates these time-delay 

factors. 
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Fire Response 
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truck
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Mounting a fire truck 
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scene of the 

incident
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truck
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Goal

Donning Fire kitsGet alarm

Start

  

Figure 2. HTA results 
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Table 2. Firefighting operations’ main steps 

Tasks Influencing factors Identifier 

Wearing protective 

equipment 

(firefighting 

garments) 

Wearing clothing and boots A1 

Incorrect size of clothing and boot A2 

Presence of miscellaneous people in the firefighters' room A3 

Inadequate previous drills related to wearing clothes A4 

Small physical space for preparation A5 

Individual factors such as stress, fatigue, and shiftwork A6 

Keeping of clothes and PPE disordered A7 

Moving toward fire 

truck 

Obstacles on the way (small door, uneven path, and road obstacles) B1 

Long-distance between the firefighter's room and vehicle parking 

area 
B2 

Inadequate lighting of the fire station at night B3 

Inadequate parking space B4 

Miscellaneous people on the route between the firefighter's room and 

the parking area  
B5 

Mounting a fire truck 

and wearing 

respiratory 

equipment 

High height car chassis C1 

Weight of the breathing apparatus  C2 

Adjust the breathing apparatus strap  C3 

Breathing apparatus belt wear-out C4 

Insufficient interior space for breathing apparatus replacement  C5 

Getting out of the 

parking area  

Existence of barriers (like columns) in the parking space D1 

Improperly parked truck by the previous driver D2 

Parking space inaccessibility D3 

Vehicle compressed air system leakage (technical vehicle defect) D4 

Blocking the exit of the parking lot by other cars or obstacles D5 

Insufficient driver skills D6 

Driving truck to the 

incident scene  

Complete or partial blockage of the route (busy due to traffic jams 

and various car parks on the route) 
E1 

Selecting improper dispatch root (choosing the wrong path and 

blocking path) 
E2 

Inadequate communication with the fire control room E3 

Establishing 

command post and 

incident size-up 

Crowded at the accident scene F1 

Improper location for the fire truck at the scene (too close or far to 

the incident scene and hydrant) 
F2 

Type and severity of the accident (toxicological, fire, and explosion) F3 

Operating the fire 

truck 

No hydrants around the incident scene G1 

Unclear duties and responsibilities for operating the fire engine G2 
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The presence of miscellaneous people at the incident scene  G3 

A technical defect in firefighting pumper and equipment G4 

Low level of firefighters' skill in operating the engine G5 

 

 

Calculating and prioritizing results: 

Table 3 shows the average of expert opinions (AEO), 

and Table 4 shows the normalized average of expert 

opinions (NAEO). Based on the evaluations, the final 

weights of the tasks of the alarm response were 

obtained as shown in Table 5 and the related results 

have been presented in Figure 3. Accordingly, most 

steps had approximately the same importance, but the 

importance of step F (establishing command post and 

size-up) was more than other stages (with an average 

weight of 0.145). There were identified factors that 

had the highest weights and most  

 

remarkable effect on the response time to fire alarms, 

including the improper location of the fire truck, 

adjusting the BA strap due to use by different people, 

crowded at the accident scene, type, and severity of the 

accident with a weight of 0.049, 0.0485, 0.0481, and 

0.0479.  

 

Figure 4 shows the sequential ranking of the 

influencing delay factors. However, there were factors 

that had the least effect on the response time, including 

unsuitable size for clothing and boot, BA weight, and 

high height of car chassis with weights of 0.0003, 

0.002, and 0.0073.  

 

 

Table 3. AEO on the importance of fire alarm response stages. 

Criteria A B C D E F G 

A (1.00,1.00,1.00) (1.38,1.50,1.63) (0.88,1.04,1.25) (1.50,1.75,2.00) (1.45,1.75,2.08) (0.40,0.50,0.68) (0.40,0.50,0.68) 

B (0.62,0.66,0.73) (1.00,1.00,1.00) (0.39,0.49,0.67) (0.58,0.67,0.83) (0.43,0.54,0.75) (0.29,0.35,0.43) (0.30,0.35,0.43) 

C (0.80,0.96,1.14) (1.50,2.04,2.56) (1.00,1.00,1.00) (1.50,2.00,2.50) (1.23,1.54,1.92) (0.41,0.52,0.71) (0.98,1.25,1.54) 

D (0.50,0.57,0.66) (1.20,1.50,1.74) (0.40,0.50,0.66) (1.00,1.00,1.00) (0.35,0.43,0.54) (0.33,0.39,0.49) (0.30,0.35,0.43) 

E (0.48,0.57,0.69) (1.34,1.85,2.35) (0.52,0.65,0.82) (1.85,2.35,2.88) (1.00,1.00,1.00) (0.38,0.47,0.64) (0.40,0.50,0.68) 

F (1.47,2.01,2.52) (2.35,2.88,3.37) (1.42,1.94,2.45) (2.04,2.56,3.07) (1.56,2.11,2.64) (1.00,1.00,1.00) (1.13,1.50,1.88) 

G (1.47,2.01,2.52) (2.35,2.88,3.37) (0.65,0.80,1.02) (2.35,2.88,3.37) (1.47,2.01,2.52) (0.53,0.66,0.88) (1.00,1.00,1.00) 

 

 

 

 

 

 

 



9 | IJOH | March 2022 | Vol. 14 | No. 1  Gholamizadeh K. et al. 

Published online: March 30, 2020 

 

Table 4. NAEO on the importance of responding to an alarm. 

Criteria A B C D E F G 

A (0.33,0.33,0.33) (0.31,0.33,0.36) (0.28,0.33,0.40) (0.29,0.33,0.38) (0.28,0.33,0.39) (0.25,0.32,0.43) (0.25,0.32,0.43) 

B (0.31,0.33,0.36) (0.33,0.33,0.33) (0.25,0.32,0.43) (0.27,0.32,0.40) (0.25,0.32,0.44) (0.28,0.33,0.40) (0.28,0.33,0.40) 

C (0.28,0.33,0.39) (0.25,0.34,0.42) (0.33,0.33,0.33) (0.25,0.33,0.42) (0.26,0.33,0.41) (0.25,0.32,0.43) (0.26,0.33,0.41) 

D (0.29,0.33,0.38) (0.27,0.39,0.39) (0.26,0.32,0.42) (0.33,0.33,0.33) (0.27,0.32,0.41) (0.27,0.32,0.41) (0.28,0.33,0.40) 

E (0.28,0.33,0.40) (0.24,0.33,0.42) (0.26,0.33,0.41) (0.26,0.33,0.41) (0.33,0.33,0.33) (0.25,0.32,0.43) (0.25,0.32,0.43) 

F (0.25,0.34,0.42) (0.27,0.34,0.39) (0.24,0.33,0.42) (0.27,0.33,0.40) (0.25,0.34,0.42) (0.33,0.33,0.33) (0.25,0.33,0.42) 

G (0.25,0.34,0.42) (0.27,0.34,0.39) (0.26,0.32,0.41) (0.27,0.34,0.39) (0.25,0.34,0.42) (0.26,0.32,0.42) (0.33,0.33,0.33) 

 

 

 

 

Table 5. Final weight of the steps forming the firefighter's response to the alarms 

Criteria 
Abnormal 

weight 
Normal weight 

Wearing protective equipment (A) 0.982 0.143 

Moving toward fire truck (B) 0.968 0.141 

Mounting a fire truck and wearing respiratory equipment (C) 0.991 0.144 

Getting out of the parking area (D) 0.983 0.143 

Driving truck to the incident scene (E) 0.975 0.141 

Establishing command post and incident size-up (F) 1 0.145 

Operating the fire truck (G) 0.991 0.144 

Total weights Σwi=6.89041 Σwi=1 
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Figure 3. The final weight of the steps forming the firefighter's response to the alarms. 

 

 

 

 

Table 6. Firefighter’s response time final rankings for influencing factors. 

Step Weight Influencing factor Local weight General weight Rank 

Wearing protective 

equipment 
0.143 

A1 0.165 0.0236 22 

A2 0.002 0.0003 27 

A3 0.165 0.0236 22 

A4 0.168 0.024 21 

A5 0.165 0.0236 22 

A6 0.167 0.0239 21 

A7 0.168 0.024 21 

Moving toward fire 

truck 
0.141 

B1 0.203 0.0286 13 

B2 0.198 0.0279 17 

B3 0.201 0.0283 16 

B4 0.202 0.0285 14 

B5 0.194 0.0274 18 

Mounting the fire truck 

and wearing respiratory 

equipment 

0.144 

C1 0.051 0.0073 25 

C2 0.015 0.0022 26 

C3 0.337 0.0485 2 

0.982 0.968 0.991 0.983 0.975 1 0.991
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C4 0.281 0.0405 9 

C5 0.313 0.0451 8 

Getting out of the 

parking area 
0.143 

D1 0.163 0.0233 23 

D2 0.165 0.0236 22 

D3 0.162 0.0232 24 

D4 0.170 0.0243 19 

D5 0.169 0.0242 20 

D6 0.168 0.0240 21 

Driving truck to the 

incident scene 
0.141 

E1 0.337 0.0475 5 

E2 0.334 0.0471 6 

E3 0.328 0.0462 7 

Establishing command 

post and size-up 
0.145 

F1 0.332 0.0481 3 

F2 0.338 0.049 1 

F3 0.330 0.0479 4 

Operating the fire truck 0.144 

G1 0.0289 0.0289 11 

G2 0.0287 0.0287 12 

G3 0.0284 0.0284 15 

G4 0.0295 0.0295 10 

G5 0.0284 0.0284 15 

 

 

 

Figure 4. Firefighter’s response time final rankings for influencing factors. 
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DISCUSSION 

This study aimed to determine the delay factors 

affecting firefighters' response time in the industrial 

firefighting sector. Firstly, we performed the 

emergency response task analysis. Thereafter, 

response times for influencing factors in each step 

were identified. Then, a pairwise comparison was used 

to determine the importance of each task and its 

influencing factors. Finally, a fuzzy approach was 

used to prioritize these factors. This study showed that 

establishing command posts and size-up activities had 

a significant impact on the firefighter's response time. 

This step included wrong locations of fire apparatus, 

aggregation of the population at the incident scene, 

and incident complexity. Utilizing the Incident 

Command System (ICS) is a proven measure to 

manage the incident scene and establish a command 

post. ICS uses some definitive principles to control 

irregularity and coordinate shared activities. It can be 

concluded that ICS would improve response time.  

 

Consequently, establishing command posts and size-

up activities as the most effective phase were 

hindering factors for the response time. This finding 

was in contrast to the findings of Subramaniam et al. 

in Malaysia, which reported that the interval between 

the fire alarm and the arrival of the fire engine 

(dispatch phase) had the most significant impact on the 

response time [7]. It would be due to the differences in 

the current study’s scope as we investigated the 

industrial domain, while Subramaniam conducted his 

study in the municipal scope. The findings of Chang's 

fuzzy approach also showed that the conditions of the 

incident scene and route conditions to the incident 

scene had a substantial impact on the response time. 

The conditions at the incident scene were a function of 

the type and location of the incident. This finding was 

in line with that of Jaldell et al. that type of accident 

location had a significant effect on the response time 

and the rate of fire fatalities [16].  

 

The findings showed that the most influential 

parameters on the response time, such as correctly 

locating the fire apparatus at the incident scene and 

adjusting the breathing apparatus (BA) were under the 

fire department's control. However, firefighters only 

had no control over the number of people on the 

incident scene. It is of particular importance to training  

 

 

firefighters and drivers to overcome these delay 

factors. In addition, practical exercises might improve 

the response time and decrease the identified delay 

factors. Moreover, an appropriate location for fire 

trucks, wearing protective equipment, and wearing BA 

should be taken into account more often than before. 

Therefore, it is recommended to consider planning and 

organizing the practical exercises, evaluating 

performance, and implementing corrective actions. In 

addition, to reduce the response time, it is necessary to 

collaborate with other departments like the security 

department at the incident scene to disperse the 

population present at the scene, isolate all routes to the 

incident, and control the traffic flow. To coordinate 

with other agencies or departments, pre-planning, joint 

exercises, and utilizing the Unified Command System 

(UCS) can minimize inconsistency at the incident 

scene and decrease the response time. The response 

team's coordination with the dispatch center or control 

room can also improve activities like path-finding and 

crossing jammed or congested routes. This finding 

was in line with that of Aleisa et al. The results of 

simulation of firefighting operations in Kuwait 

showed that strengthening the navigation system and 

central planning could reduce firefighters' response 

time by up to % 32 [11]. 

 

The findings also showed that the type and severity of 

the accident had a significant impact on the 

firefighters' response time. It can be concluded that the 

size of the incident had a direct relationship with a 

longer response and preparation time. Therefore, 

although the type and severity of an incident do not 

have an apparent effect on the response time, the 

experience of the firefighting team has shown that 

many invisible intermediaries such as psychological 

distress can create this relationship [51]. Pre-incident 

planning had a significant impact on reducing 

response time and logistic preparation. In addition, it 

could be found that the psychological effects of a 

simple incident on the response team and, 

subsequently, the response time might be significantly 

different from those of major incidents [52]. On this 

basis, the psychological effects of the firefighting team 

had an invisible relationship between the severity of 

the accident and the response time. Equipment 

maintenance and monitoring were other factors that 
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highly impacted the response time. Many studies have 

revealed the positive effects of maintenance on safety 

performance [53-56]. Due to the lack of similar studies 

in the industrial sector, it was not possible to compare 

the results of this study with other studies. 

 

The findings also showed that the anthropometric 

characteristics of firefighting equipment and the 

design characteristics of the fire station had the least 

impact on the response time. It should be noted that 

this finding could be due to the fact that all equipment 

and tools were fitted for the participants and had 

observed design requirements. Although, in the 

previous studies, the effect of ergonomic factors on the 

performance of emergency response teams was taken 

into account [22, 47]. In the current study, the 

preference of other parameters in the firefighting 

process was evaluated so we did not investigate this 

factor. 

 

The findings of the present study would be useful in 

pre-incident planning activities. It is necessary to pay 

more attention to insignificant incidents of firefighting 

deployment. In addition, exercises might reduce the 

response time. These exercises include establishing 

the command post, incident size-up, wearing BA, and 

other PPE. Due to time and resources limit, it would 

be interesting to investigate the response time using 

techniques such as Time and Motion Analysis (TMA) 

or Just in Time (JIT) study for fire operations. In 

addition, reducing the response time is an inherent part 

of performance management in firefighting 

organizations. Thus, it is recommended to improve the 

response time performance, and planning, and 

decrease delay factors. 

CONCLUSION 

The results of the current study showed that 

hierarchical analysis in the form of a fuzzy approach 

(FHTA) would be useful in identifying and prioritizing 

the factors influencing firefighting operations as a 

foundation in emergency management planning. It is 

recommended that future studies use the approach 

proposed in this study to evaluate and improve the 

performance of other sectors involved in crisis 

management. 
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APPENDIX 

 

Demographic information of the experts’ panel.  

N 
Expert 

 

Job position 

 

Work Experience 

(years) 

Degree of 

education 

1 Faculty member 1 Professor 25 PhD 

2 Faculty member 2 Professor 20 PhD 

3 Faculty member 3 Associate Professor 15 PhD 

4 Faculty member 4 Associate Professor 16 PhD 

5 Faculty member 5 Assistant Professor 18 PhD 

6 Faculty member 6 Assistant Professor 15 PhD 

7 Faculty member 7 Assistant Professor 18 PhD 

8 Industrial firefighter 1 Industrial fire management 19 Master 

9 Industrial firefighter 2 Leader of the firefighting team 20 Bachelor 

10 Industrial firefighter 3 Firetruck operator 16 Bachelor 

11 Industrial firefighter 4 Firetruck operator 15 Master 

12 Industrial firefighter 5 Field firefighter 16 Bachelor 

13 Industrial firefighter 6 Field firefighter 19 Bachelor 

14 Industrial firefighter 7 Field firefighter 20 Bachelor 

15 Industrial firefighter 8 Field firefighter 23 Bachelor 

16 Industrial firefighter 9 Dispatcher 21 Bachelor 

17 Urban firefighter 1 Urban fire management 17 Bachelor 

18 Urban firefighter 2 Field firefighter 20 Master 

19 Urban firefighter 3 Field firefighter 17 Bachelor 

20 Urban firefighter 4 Dispatcher 19 Bachelor 

 

 

 

 

 

 

 


