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A B S T R A C T   

The application of the Haddon matrix in identifying drowning prevention solutions in the north of 
Iran is necessary. We dealt with drownings on three levels of prevention including before, during, 
and after the injury in northern Iran (Guilan province). This study aimed to investigate the use of 
Haddon’s matrix in preventing three-level drowning cases before, during, and after the accident 
in the north of Iran. This qualitative study consisted of 9 focus groups with a sample size of 78 
people including 48 nursing staff, 21 emergency medicine specialists, and 30 people from non- 
medical personnel (local community leaders, executive officials of relevant organizations, life
guards, staff working in health centers, and families of victims). All group discussions were 
recorded and the questions were based on the focus group table. According to Haddon’s table of 
results, the major risk group was the young and adolescent boys and more in the area of neglect in 
culture-building and education. In this study, the role of factors was investigated separately and 
the necessary solutions were presented that can be used as a scientific and practical basis to 
achieve the main goal of drowning prevention. These strategies require cross-sectoral collabo
ration, which seems to be a strong interaction with a greater focus on major risk groups to address 
deficiencies and prevent the recurrence of potential accidents. The study aimed to investigate the 
use of Haddon’s matrix in the prevention of three-level drowning cases before the event, during 
the event, and after the event in northern Iran.   

1. Introduction 

Among the accidents, falling into the water and being submerged in it is one of the most common and at the same time preventable 
causes of injury and death in people. A recent new consensus was made to define drowning as the process of experiencing respiratory 
impairment from submersion or immersion in liquid [1,2]. The latest results from the World Health Organization (WHO) show re
ported that 236,000 people died from drowning in 2019. Also, in the same year, drowning was the third leading cause of unintentional 
injuries internationally, accounting for 8% of all mortality and 7% of all deaths from injuries and injuries [3]. In people between 1 and 
24 years, drowning is among the ten-leading cause of death. More than 90% of drowning deaths occur in low- and middle-income areas 
especially in Africa [4]. Over time, the mean age-related drowning death decreased and it is shown that about half of unintentional 
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death occurred in China, India, Pakistan, and Bangladesh in 2017 [5,6]. 
People drown at any age, but two age groups drown more often. The first age group is preschool children. They can drown in less 

than 3 cm of water and are the second age group of teenagers. The highest rate of death due to drowning incidents is in the age group 
below 20 years and more in children 0–4 years old. Drowning is responsible for 90% of fatal injuries in children aged 1–4 and 50% of 
fatal injuries in children aged 5–9. Studies have shown that drowning is the second limiting factor of useful life years after accidents 
and traffic accidents. Survivors may suffer severe and permanent respiratory disorders and psychological complications that can cause 
life conditions in these people. Also, after being saved from drowning, this event may have many psychological effects on the family of 
the victims [7–9]. 

Drowning occurs during various daily or recreational activities of people such as swimming, boating, fishing, etc. [10]. People 
living in different areas may be exposed to different sources of water such as the sea, lake, river, dam, pool, etc. [11]. Predisposing 
factors, such as some high-risk behaviors, including drinking alcohol and not using rescue equipment, are also different in different 
regions of the world under the influence of different cultural issues [12]. 

More than half of deaths from drowning worldwide statistics are related to people under 25 years old. Also, the number of 
discovered male victims is double that of female victims. More than 90% of the victims are from the income and middle class, and the 
highest statistics are related to Africa, Southeast Asia, and the Western Pacific [13]. 

Haddon’s Matrix was presented by Dr. William Haddon for a better understanding and analysis of any desired event in the se
venties, and it is a combination of the epidemiology triangle including man, environment, and agent in the environment with three 
dimensions of the event including before and after. Haddon’s matrix is a dynamic model that examines causality and provides the 
possibility of intervention in pre-accident, during-accident, and post-accident stages. This matrix can be used not only for the man
agement of traffic injuries, but also for the management of burns, drowning, falls, and other incidents, and in fact, it is the first systemic 
approach to incidents such as traffic injuries. 

We can use the event instead of the incident because the incident carries an unpredictable and unpreventable negative charge. 
Whereas the events are manageable. Haddon matrix is a definition for a better understanding of traffic damage and other desired 
events. From the factor and time, a matrix is formed in the following form, which is completely dynamic [14,15]. 

Haddon’s matrix has been used as a model for managing victims of all kinds of injuries and accidents. This matrix is a grid arranged 
as a table with four columns and three rows. The four columns are related to the host, carrier, physical condition, and environmental 
conditions, the three rows of this table (Table 1) are assigned to the three time periods before, during, and after the damage event 
[16–21]. 

There are very few studies on the use of the Haddon matrix in drowning, hence, this study aimed to investigate the use of Haddon’s 
matrix in the prevention of three-level drowning cases before the accident, during the accident, and after the accident in the north of 
Iran. 

2. Materials and methods 

The present study used the Haddon matrix to identify solutions for drowning prevention in water in Gilan province. In this study, 
data were drawn from nine Focus group discussions (FGD). Each group included 8–10 members. The sample size was 78 people 
including 48 people from medical personnel (nursing staff, emergency medical personnel, medical and emergency training staff) and 
30 people from non-medical personnel (local community leaders, executive officials of relevant organizations, lifeguards, staff working 
in health centers and families of victims). 

Experts and medical staff were asked about their experience qualitatively (Table 2). Participants were selected from nurses and 
physicians of the emergency department and trauma and parents of the children confronted with drowning in the past. The questions 
were specific for each group of participants and were not the same. There was one leader which was the first author of the paper for all 
groups and asked specific questions of participants. Sampling was purposeful and the selected sample was done according to the 
principle of diversity. Therefore, the participants were selected from different ages, gender, educational, occupational, and social 
groups to hear different opinions and find a more comprehensive in this field. Sampling continued until information saturation, that is, 
the absence of classes, subclasses, and new information. The interviews were conducted in person and in the field. 

Based on the Haddon matrix and the relationship between the three states before the event, during, and after the event with existing 
changes, qualitative analysis was done. All the factors considered by the participants were identified and classified. Informed consent 
was obtained from all the patients before the study enrollment. 

After the approval of the plan by the Ethics Committee of the Guilan University of Medical Sciences with the code of ethics IR. 

Table 1 
The table shows the Haddon matrix.  

Time Host Agent Physical Environment Sociocultural Environment 

Pre-event Is the person at risk? Is the carrier 
dangerous? 

Is the environment dangerous? Does the 
environment have characteristics to reduce or 
increase risks? 

Does the environment strengthen or 
weaken existing risks? 

Event Is the person able to resist the 
transmitted energy or force? 

Does the carrier 
provide protection? 

Has the environment been effective in treating 
trauma after the accident? 

Has the environment been effective 
in treating trauma after the accident? 

Post-event What is the severity of the 
injuries and damages? 

Is the carrier effective 
in causing damage? 

Has the environment caused additional damage 
after the accident? 

Has the environment been effective 
in recovery?  
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GUMS.REC.1401.076, the meetings of the groups started. In all group meetings, the researchers participated as coordinators and the 
management of the meetings was by the participants. All group discussions were recorded and the questions were based on the table of 
the focus groups. The records recorded in the focus groups for three stages before the accident, during the accident, and after the 
accident was collected and implemented. 

At first, focus group discussion was used to select the groups to be studied, and then the snowball method was used to select the 
people present in each group. Nine groups were considered to form FGD. The people present in each of the subgroups were selected 
based on the snowball method, and meetings were held in the form of focus groups of at least 8 people for each of the 9 focus groups, 
and. In these group discussions, we evaluated the three stages before the accident, during the accident, and after the accident. The 
method of determining focus groups was determined based on the level of their duties in the three mentioned levels and using the FGD 
(Table 3). 

During this qualitative research, 7 discussion groups (focused group discussion) were formed with the studied groups. There were 
27 participants in the focus group of nurses of Porsina Hospital of Guilan University of Medical Sciences and 21 participants in the 
focus group of medical staff and emergency specialists of the Hospital. Other focus groups and mostly party groups with the executive 
organizations of related organizations, lifeguards, emergency staff and red crescent, health education and diseases working in health 
centers and victims’ families, 6 people from each group. The invitation was made separately and the necessary topics were discussed 
according to the predetermined topics and questions. The opinions of the attendees were recorded with their knowledge and confi
dentially, and after implementing the opinions using the Haddon matrix tool from the interview and group discussion guide and the 
analytical tool of this study; First, based on the application phase, they were classified into three stages before the accident, during the 
accident, and after the accident, and then in each stage, based on the place of influence and function of the opinions, based on the 
opinion about which of the Haddon triangle cases, they play a role. Whether they play a role in the human factor or the environmental 
factor (socio-economic or time-related) or the vector factor were included in another category and we obtained the Hedonic table given 
below. At each stage, based on the discussions and conclusions made in the main risk groups, there are major risk groups based on the 
internal summaries that can be included in the risks in the field of preventing drowning or minimizing the damage (Table 4). 

2.1. Credibility 

In the present study, the review of the participants was used to ensure the accuracy of the data. In addition to this method, su
pervisor review was another method that was used to confirm the validity of the data. For this purpose, the text of the interviews was 
extracted based on codes. The classes were provided for skilled experts in qualitative research methods. Then, they were requested to 
check the correctness of the coding process. 

2.2. Verification capability 

One of the audit techniques for developing confirmation in qualitative studies was the step-by-step report of the research process 
from the beginning to the end of the protocol, which helps to clarify the details of the research process fully. The researchers in the 
present study tried to record all the stages of the research so that other researchers could follow the data. Recording the statements of 
the participants, writing down the statements, and reviewing them by the participants and expert supervisors were among the ac
tivities that helped to provide the criteria for confirming the findings of the research. 

Table 2 
The table shows the focus group questions asked from nurses and physicians.  

Nurses’ focus group questions Physicians’ focus group questions 

1- Express your feelings and views about drowning. 1- Where do you think people drown the most? 
If there is a sea, where is the sea? 
If it is in freshwater, where does it happen more? 

2- Where do you think most people drown? If there is a sea, where is the sea? If 
it is in freshwater, where does it happen more? 

2- In what age group do drownings usually occur? 
Is it more in boys or girls? 

3- In what age group do drownings usually occur? Is it more in boys or girls? 3- What do you think is the cause of drowning in the sea? What is the cause of 
drowning if it happens in freshwater? 

4- What do you think is the cause of drowning in the sea? What is the cause of 
drowning if it happens in freshwater? 

4- What time of the day is it most common? 

5- What time of the day is it most common? 5- What should be done at sea to prevent drowning? For adults? and children 
6- What should be done at sea to prevent drowning? For adults? And children? 6- To prevent drowning in freshwater such as rivers, pools, dams, canals, etc., 

what should we do for adults? And for children? 
7- To prevent drowning in freshwaters such as rivers, pools, dams, canals, etc., 

what should we do for adults? And for children? 
7- What organization do you think is responsible for rescue and rehabilitation on 
the coast? 

8- What measures should we take to prevent drowning at the level of 
individuals or families? 

8- Is resuscitation of drowned people the same as resuscitation of patients in the 
hospital?  
9- What do you suggest to save more people from drowning accidents? In the sea 
as well as fresh waters such as rivers, dams, canals  
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Table 3 
The table shows the focus groups investigated in the present study.  

group Pre-event Event Post-event 

Lifeguard Rescue  - What are the ways to secure the 
water environment to prevent 
accidents?  

- What are the ways to increase a 
person’s safety in water sports?  

- What are the approaches to 
improve notification and necessary 
warnings when necessary? 

What is the way to help quick action 
in rescue and rescue in increasing 
success? 

What are the strategies that help in the 
quick transfer of the injured? 

Emergency and Red 
Crescent staff  

- What are the solutions to minimize 
the time wasted in rehearsals?  

- What are the existing suggestions 
and methods to increase public 
education? 

What are the necessary solutions to 
increase success in resuscitation and 
rescue in the event of an accident?  

- What are the ways to reduce the time 
of transferring the injured to the 
medical center?  

- What are the ways to increase the 
quality of resuscitation measures 
during the transition? 

Porsina Hospital 
emergency 
nursing staff  

- What is the level of preparation of 
the nursing staff in dealing with the 
drowning person and the ways to 
increase the quality of their 
training and necessary 
preparations?   

- How is it possible to reduce the time 
required to enter the patient?  

- What are the suggested ways to 
increase the quality and success rate of 
rehabilitation?  

- What are the ways to improve care 
and support for the patient after 
recovery?  

- What is the level of preparation of the 
nursing staff in dealing with the 
drowning person and the ways to 
increase the quality of their training 
and necessary preparations? 

Poursina Hospital 
emergency 
medicine 
specialist 
medical staff  

- What are the suggested methods to 
increase public education?  

- What are the ways to increase the 
training of relief and nursing staff?  

- What are the suggested ways to 
increase the safety of water 
environments?  

- What are the ways to increase 
preparation and training and use of 
the latest resuscitation methods 
and necessary equipment among 
the medical staff? 

What are the helpful methods to 
improve the quality of resuscitation 
of the injured during the accident and 
reduce the subsequent injuries?  

- What are the necessary 
recommendations to improve the 
necessary support for the patient upon 
arrival?  

- In your opinion, which cases are more 
important in reviving a drowning 
patient than other cases that may be 
neglected?  

- What do you think about improving 
patient support measures after 
resuscitation? 

Officials of related 
organizations  

- Have the necessary measures been 
taken to secure and determine safe 
water environments?  

- Has the cause of the previous 
deaths been identified and 
resolved?  

- How is the quality and quantity of 
social media education?  

- Have the methods of increasing the 
speed of notification in case of 
danger and crisis been used?  

- How is the proximity of relief and 
treatment bases to water 
environments prone to danger?  

- has it been done properly 
(Equipping a sufficient number of 
lifeguards)?  

- Are there enough facilities for 
lifeguards in case of an accident? 

What were the measures taken to 
reduce the time for the patient to 
reach the treatment center? 

Health and disease 
education 
experts 

What measures do you suggest to 
expand drowning prevention 
training and first aid measures at the 
community level and among related 
people? 
What are the practical and effective 
ways to develop the education of 
children and parents in school? 

What do you suggest about the 
development of a scientific and 
principled approach to a drowning 
person? 

What measures do you consider 
useful regarding the accurate 
recording of drowning statistics and 
information? 

(continued on next page) 
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2.3. Transferability 

The researchers in the present study checked the transferability of their study by providing the findings of this research to some 
readers and getting their approval. Covering a wide range of participants in terms of age, gender, education, marriage, etc. was another 
effort to provide the transferability of the findings for evaluation and judgment by others. On the other hand, the researchers provided 
the possibility of transferring it to the researchers in similar environments with a detailed description of the background of the par
ticipants in this study. 

2.4. Ethics approval number 

IR.GUMS.REC.1401.076 

3. Results 

3.1. FGD results with different groups 

View on drowning  

- The most common feeling when dealing with a drowning person is related to a “feeling of death and suffocation”, followed by “fear” 
and “complete confusion".  

- All groups believed that drowning is a health problem, but not enough attention is given by the relevant authorities. 

Who drowns and why?  

- Most of them stated that the probability of death or morbidity due to drowning is much higher in men than in women. In general, 
the rate of drowning in men is more than twice that of women, and the reason is that compared to women, men are at a higher risk 
due to more exposure to water and more risky behaviors (such as swimming alone or after alcohol use). They are destined to drown.  

- The largest drowning group is “young boys and teenagers aged 20 to 30". The main reason for this issue was “false self-confidence".  
- The occupational death rate is higher among fishermen, especially in the winter season when the beaches are not covered by relief 

organizations. 

Where do drownings occur?  

- Most drowning places have been considered “freshwater”, which mainly included rivers, pools, or canals. 

Table 3 (continued ) 

group Pre-event Event Post-event 

What suggestions do you have about 
how to increase the safety principles 
of aquatic environments and the 
necessary equipment? 
What solutions do you suggest for 
quick rescue operations and 
information in critical situations? 
What measures do you consider to be 
practical and effective in terms of 
holding educational and briefing 
sessions at the level of relevant 
authorities and councils and village 
councils? 
Do you have an opinion on the 
development of the use of mobile 
phones for the location of accident 
victims? 

The family of the 
victims  

What things do you consider to be 
involved in the occurrence of the 
accident? 
What deficiencies do you consider 
important and what are your 
recommendations to solve the 
problems? 

What deficiencies did you face in the 
process of transferring and treating the 
injured and what are your 
recommendations to solve the 
problems?  
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Table 4 
Investigating effective factors in preventing drowning based on the Haddon matrix.   

Host Agent Physical Environment Sociocultural Environment 

Pre-event Sea: 
The highest risk group: men 
(mainly young boys and 
teenagers) 
Women are at risk More than two 
times 
Cause: due to more exposure to 
water and more risky behaviors 
(such as swimming alone and 
under the influence of alcohol) 
Prevention: protecting people at 
risk  
- Swimming in places where 

lifeguards are present  
- Having swimming skills or 

having a partner who can swim  
- Training lifeguards for 

continuous monitoring in 
swimming areas and 
strengthening the facilities of 
lifeguard teams  

- Complying with necessary 
recommendations by swimmers 
(avoiding large meals and 
taking sleeping pills before 
swimming, having protective 
equipment, etc.)  

- Increasing people’s access to 
public swimming pools with 
lifeguards to learn to swim  

- Teaching and forcing to avoid 
alcohol consumption while 
boating or around water bodies 

Risk group: children 
Prevention: More monitoring of 
children’s swimming to prevent 
drowning in children and minors  
- Presence of children’s parents 

while swimming  
- Teaching swimming to children 

(and resuscitation training 
along with it) and expanding 
swimming training programs in 
elementary schools (because 
familiarity with swimming 
technique and its basic 
principles will significantly 
reduce drowning.)  

- Use of protective equipment and 
tube  

- Supervision of local authorities 
in providing necessary warnings 
to identify dangerous 
environments for swimming 

Freshwaters: 
(river, canal, pool, dam …) 
Risk group: children 
Prevention: parental supervision  
- Infants who are left alone or 

with another child in the 
bathtub are at risk of drowning. 

Sea: 
Risk factors in the Caspian 
Sea:  
- Swimming outside of beach 

plans that are not covered 
by rescue organizations (the 
most important risk factor)  

- Lack of access to a life jacket  
- Existence of splitting 

current 
Prevention: securing the 
aquatic environment for 
swimming  
- Determining places with 

safe beds and permitted 
areas (plans to improve the 
sea for swimming)  

- Beach sanitization plan for 
swimming (the presence of a 
lifeguard is important)  

- The proximity of the 
emergency center and the 
medical center to the 
swimming areas  

- Unsafe area secured for 
swimming and lack of 
expert supervision  

- Determining the locations of 
the splitting current  

- Unification of flags and 
symbols related to safe 
beaches and educating 
people about their 
importance 

Freshwaters: 
(River, canal, pool, dam …) 
Prevention: the creation of 
obstacles and protection  
- Installation of drowning 

warning signs in dangerous 
places  

- Compliance with protective 
and security measures such 
as fences for dams, 
construction of protection 
around swimming pools, 
and making it compulsory  

- Encouraging people to use 
proper covers and 
protection on wells  

- Construction of dams in 
flood-prone areas  

- Protection around village 
fishing ponds, water 
catchments that are filled 
with rainwater, and other 
sources of water 
accumulation around 
houses and at the 
community level as much as 
possible. 

social:  
- In the north of Iran, 

drowning is more common 
for travelers and in the sea 
in places that are not known 
as swimming health plans.  

- Increasing parents’ 
awareness about children’s 
need for care supervision in 
rural communities, 
especially during 
agricultural activities, 
gardening, etc. 

Economical:  
- The specific mortality rate is 

higher among fishermen, 
especially in the winter 
when the beaches are not 
covered by relief 
organizations.  

- Fishing with small boats in 
rural areas as a means of 
livelihood is the cause of 
many drowning deaths in 
these areas.  

- Some people probably have 
a higher rate of drowning 
due to the difference in their 
economic and social status 
and lack of use of swimming 
training opportunities. 

social:  
- In the north of Iran, 

drowning is more common 
for travelers and in the sea 
in places that are not known 
as swimming health plans.  

- Increasing parents’ 
awareness about children’s 
need for care supervision in 
rural communities, 
especially during 
agricultural activities, 
gardening, etc. 

Economical:  
- The specific mortality rate is 

higher among fishermen, 
especially in the winter 
when the beaches are not 
covered by relief 
organizations.  

- Fishing with small boats in 
rural areas as a means of 
livelihood is the cause of 
many drowning deaths in 
these areas.  

- Some people probably have 
a higher rate of drowning 
due to the difference in their 
economic and social status 
and lack of use of swimming 
training opportunities. 

(continued on next page) 

A. Davoudi-Kiakalayeh et al.                                                                                                                                                                                        



Heliyon 9 (2023) e16958

7

Table 4 (continued )  

Host Agent Physical Environment Sociocultural Environment 

(The care and supervision of 
bathing children by parents)  

- In rural areas, children are 
killed as a result of playing and 
mostly because of falling into 
canals and ponds.  

- Supervision by parents to use of 
village wells and home pools or 
fields 

- Children with epilepsy and 
convulsions are at a higher risk of 
drowning in the bathtub or 
swimming pool and canal 
compared to healthy children.  
- Providing public education by 

radio and schools in terms of 
safety tips and necessary 
recommendations (the most 
important action is education)  

- Increasing parents’ awareness 
about children’s need for 
supervision inside and outside 
the home and establishing child 
care mechanisms or forming 
teams of parents to care for 
children in rural communities 
(especially during harvest)  

- Teaching children to avoid 
entering streams and rivers with 
fast water flow and swimming 
alone  

- The role of local authorities in 
identifying dangerous places for 
recreation in villages and 
around canals  

- Encouraging people to 
protect houses located near 
water sources (rural houses) 

Prevention: removing the risk 
factor  
- The role of the Road 

Construction Department in 
eliminating accident-prone 
spots and creating adequate 
protection and lighting at 
canal crossings  

- Emptying the unnecessary 
water collected in the 
bathtub, basin, or buckets.  

- Construction of safe bridges 
across wetlands and canals 

Event Sea: 
reasons:  
- Willingness to take risks and 

experience greater depths  
- False confidence  
- Lack of swimming skills 
Freshwaters: 
reasons:  
- False confidence  
- Lack of swimming skills  
- Error in detecting depth  
- Slipping because of taking 

selfies  
- The slippery side of rivers or 

dams  
- Ignorance of parents about the 

situation of children’s 
recreation  

- High willingness of children to 
take risks and curiosity (the 
need to inform parents and 
children)  

- Attending unknown places (for 
fun or adventure)  

- Failure to wear a life jacket 
while boating in the 

Sea: 
reasons:  
- Swimming in unsafe seabeds 
(Most of the passengers, in the 
north of Iran, mostly in the sea 
in places that are not known 
as swimming health plans) 
Freshwaters: 
The most common place for 
drowning 
Common places: (mostly in 
the river and dam due to the 
lack of lifeguards) 
reasons:  
- The possibility of getting 

stuck in mud and wire or 
fence  

- Strong current of the river  
- Accidents and cars falling 

into the river or canal  
- Car or pedestrian falling into 

the agricultural pool  
- Floods also cause many 

deaths due to drowning.  
- Home pools, especially 

pools that do not have 
rescue sinks 

When:  
- The most common: 
Most in the evenings (due to 
leisure time)  
- Night (due to less visibility 

of people around, tide, men 
drown more)  

- It depends on the time of 
doing maritime work 
activities (such as fishing, 
port work, etc.)  

- It may happen during school 
hours and mostly in the 
summer for students who 
swim for fun.  

- School closing hours  
- During bad weather and 

hours (the volume of water 
in the canals increases)  

- The role of culture building 
and the presence of the 
traffic police is important in 
opening the road for 
emergency vehicles to 
transport the injured faster. 

(continued on next page) 
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- The main cause of drowning in the event of a drowning incident, both in the sea and freshwater, is “false self-confidence while not 
having enough skills to swim” and “curiosity for danger or adventure” and, secondly, “swimming in place” “unsafe” and evaluated 
the role of road traumas in fresh water drowning as important.  

- Fishing with small boats in rural areas as a means of livelihood is the cause of many drowning deaths in these areas.  
- Swimming outside the beaches plans that are not covered by rescue organizations is the most important cause of drowning in the 

Caspian Sea. 

When do drownings occur?  

- Most drowning times are related to the “evening and sunset” hours; however, other factors such as bad weather conditions, school 
closing times, and the starting hours of maritime jobs are considered potential. 

Preventive measures suggested?  

- In the discussion of drowning prevention both in the sea and in freshwater, most recommendations related to swim and informing 
parents and building culture”. Then there is the recommendation to “swim in safe and marked areas in the presence of lifeguards".  

- To prevent drowning at the level of families and individuals, they included the most recommendations related to “increasing the 
safety of wells” and “providing public education” in the next degree.  

- To save more people from drowning, most participants mentioned “training on basic measures, notifying the emergency and asking 
for help from others” and secondly the importance of “closeness of emergency centers” to water environments. Also, the partici
pants emphasized the importance of “maintaining the airways” in reviving a drowning person compared to reviving a non- 
drowning person.  

- Lack of access to a life jacket for swimming on the shores of the Caspian Sea is another cause of drowning.  
- Failure to wear a life jacket while boating in the recreational marshes of northern Iran is considered a risk factor for drowning in 

these places.  
- Children whose mothers had low education were at a higher risk of drowning compared to children whose mothers had a higher 

level of education.  
- Infants who are left alone or with another child in the bathtub are at risk of drowning.  
- In rural areas, children are killed as a result of playing and mostly because of falling into canals and ponds.  
- Drowning in young children is mainly related to a lack of supervision. 

Table 4 (continued )  

Host Agent Physical Environment Sociocultural Environment 

recreational marshes of 
northern Iran 

Prevention: keeping calm and 
asking for help for relief  
- The proximity of the emergency 

and Red Crescent stations to the 
beaches plays an important role 
in the event of an accident in 
successfully rescuing the injured  

- Teaching everyone the first 
steps and calling the emergency 
room and asking for help from 
others during an accident 
(maintaining the airways by 
lying on the side and doing chest 
compression) 

In reviving a drowning person, 
ABC is used, and maintaining the 
airways is more important  

- Children’s access to 
agricultural pools is the 
cause of drowning and 
deaths of children in rural 
areas 

Prevention: establishing order 
and calm in the presence of 
rescuers 

Post-event The largest group:  
- Young boys and teenagers 

drowned more than others 
reasons:  
- Due to false self-confidence, 

ignorance, the tendency to take 
risks in boys, showing off  

- Among girls, due to social 
restrictions in Iran, their fear of 
taking risks has been less 

Prevention: evaluation and 
elimination of defects  

Prevention: evaluation and 
elimination of defects  
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- Children with epilepsy and convulsions are at a higher risk of drowning in the bathtub or swimming pool and canal compared to 
healthy children.  

- Some people probably have a higher rate of drowning due to the difference in their economic and social status and lack of use of 
swimming training opportunities.  

- Floods also cause many deaths due to drowning.  
- Home pools, especially pools that do not have lifeguards, can also be considered a cause of drowning.  
- Agricultural pools are the cause of drowning and the deaths of children in rural areas. These deaths occur due to access to water 

catchers and irrigation canals of farms. 

4. Discussion 

Overall, this study used FCDs to explore the medical personnel and non-medical groups’ perceptions regarding drowning events. 
According to the purpose of the study in this article, we discussed the methodological aspects of using the Haddon matrix in the 
occurrence of drowning incidents in the north of Iran. The Haddon matrix, developed by William Haddon, has been used in injury 
research and interventions for decades [22]. Some people may consider the Haddon matrix as a tool to analyze and analyze their 
injuries. However, by scrutinizing an issue in time and the opinion of the agents on it, the Haddon matrix can be used as an epide
miological tool. A user-friendly interdisciplinary thinking and planning tool can also be used to help understand, prepare for, and 
respond to a wide range of public health topics [20]. 

While research and prevention of drowning are necessary for a multi-sectoral approach, it is a central role in public health care. To 
prevent drowning, the first step is to identify the problem in the desired region, country, or neighborhood, how, where, what, who, and 
when. These questions are answered using available data, survey studies, incident monitoring systems, interviews with key experts, or 
archival documents related to secondary information sources such as newspapers (especially in the case of major disasters). Then based 
on these data, interventions are targeted. 

4.1. Who drowns? 

The findings of this study showed that the highest risk group is boys and teenagers, they can be the most drowned in the age group 
of children., several studies in Iran confirmed that the 20–30-year age are the most vulnerable [23]. In a study in the Philippines, 
Guevara et al. [24] examined appropriate strategies to prevent similar deaths in a selected location in the northern Philippines, which 
put factors at risk of drowning in accidents. Most people suffering from drowning were children and teenagers, and the things that most 
caused the accident included insufficient care for the child, lack of information and awareness of air strategies, and the lack of program 
(s) for drowning that our study was with. These findings are consistent with Sarrassat et al.’s study [21], men are at greater risk than 
women, while children and adolescents are at greater risk than adults. In another study [25], 82.9% were men, and the highest number 
of those who drowned were in the youth age group, which is consistent with our study. In our study and the study of Livy et al. [26], 
most drowned people were men in the youth age group. In the study of Musaibi et al. [27], 87.5% of the drowned people were boys, 
which was in line with our study, but all the drowning victims were children, and our findings are not consistent with this result 
because most of the groups were adults. Similarly, in Yang et al.’s study [28], more than half of the drowned were boys and children. In 
the study of Suominen et al. [29], most of the subjects were young men and then children, which our findings were like. However, the 
participants of nine FGDs were not aware of the teenager high-risk group and male predominance of drowning but their concept 
corroborated with the finding mentioned above studies. 

Haddon’s strategy is a useful tool for the fundamental development of interventions related to the prevention of accidents. In
terventions whose effectiveness has been shown in numerous studies [19] has shown in Table 5. 

4.2. Preventive measures suggested at the infrastructure level 

Based on the results of these FGDs, the participants have been informed about preventive measures. These include the role of the 
road construction department in eliminating accident-prone areas, creating protection for dangerous places, providing sufficient 
lighting in canal crossings, and building safe bridges. Moreover, in the width of wetlands and canals, all boats or larger vessels should 
be regularly controlled in terms of safety and equipment, and should never have passengers over the allowed capacity. They could be 
taken into account to eliminate risk factors. In the study by Taylor et al. [9], the dangerous conditions and water environments 
investigated in which children may drown more often. Preliminary evidence showed that water conditions and the elimination of 

Table 5 
Drowning prevention approaches based on the Haddon matrix.   

Host Environment conveyor 

Pre-event  - Protecting people at risk  
- Training and supervision of parents  

- Securing the water environment for swimming  
- Creating obstacles and protection  
- Removal of the risk factor  

- Safety monitoring  
- Monitoring the quantity 

Event Remain calm and ask for help for relief Establishing order and peace for relief Accelerate the transfer 
Post-event Limiting damage Evaluation and elimination of defects Evaluation and elimination of defects  
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accident-causing points can help reduce drowning, which is consistent with our study. 
In the study of Rahman et al. [30], the importance of protecting children from environmental hazards while swimming was pointed 

out, and appropriate protective measures should be taken to prevent accidents, which our study is consistent with. 

4.3. Preventive measures suggested at the national level 

Based on the findings of this study, the respondents believed that the construction of dams in flood-prone areas, construction of 
protection around swimming pools and forced to comply with them, protection around village fishing ponds, water catchments filled 
with rainwater, and other sources of water accumulation around houses, and on the surface of the society as much as possible, 
encouraging people to protect houses located near water sources (rural houses), encouraging people to use protection on wells could 
create protection to prevent drowning. 

In the findings of the present study, similar to the study of Guevara et al. [24], the measures related to the prevention of drowning 
deaths were investigated, and things under the heading of drowning prevention, such as redesigning or covering the heads of rural 
wells and using barriers to preventing people from entering unsafe canals or dams were presented. In Yang et al.’s study [28], pro
tective fences or warning signs were not found around the accident sites, and this shows the necessity of using protection to prevent 
accidents that are consistent with our findings. 

4.4. Preventive measures suggested at the family level 

Based on the findings of this study, the respondents made the following suggestions that can be taken to protect people at risk in 
different ways. They include things such as the expansion of swimming training programs in primary schools, familiarity with the 
techniques of swimming, and its basic principles that have a significant relationship with reducing the drowning rate. Moreover, 
awareness of parents regarding the need for children to be monitored inside and outside the home can be done through training such as 
establishing childcare mechanisms or forming teams of parents to take care of children in rural communities (especially during 
harvest). Also, to teach children to avoid entering streams and rivers with fast water flow and swimming alone. 

4.5. Preventive measures suggested at the community level 

Training or forcing the use of personal protective equipment in boats, training lifeguards for continuous monitoring in swimming 
areas, harmonizing flags and symbols related to safe beaches and educating people about their importance, increasing people’s access 
to public swimming pools, teaching swimming to the general population under lifeguard supervision. Teaching and forcing others to 
avoid drinking alcohol while boating or around water intake is one of the things that were included in this category. Among the other 
findings obtained in this study was the limitation of damage, which can increase the survival of drowning victims by educating the 
general public about the basic principles of resuscitation and starting a public mobilization for resuscitation or timely resuscitation by 
ordinary and non-specialized pAe. In a study by Musaibi et al. [27], demonstrated that the absence of vital signs at the time of arrival at 
the hospital was one of the important factors in the investigations, and performing cardiopulmonary resuscitation on site and 
continuing it in the hospital could create a greater chance for the recovery of drowning children. Therefore, teaching resuscitation to 
parents and children’s relatives can be effective in saving people from drowning deaths. The findings of the present study are consistent 
with the study conducted by Sarassat et al. [21] in the field of planning strategies to prevent drowning by training which requires a 
better understanding of subpopulations that are at risk such as parents that should receive more training to increase their awareness in 
the field of supervision and care of children to prevent drowning. Similarly, in the study of Rahman et al. [30], the importance of 
teaching swimming techniques to children and the importance of teaching resuscitation to parents and teachers of children was 
discussed. In the study by Wilcox et al. [25] in Australia, swimmers who are not familiar with the environment, around rocks, and often 
in rivers, were more likely to drown compared to people who knew better swimming skills and were familiar with the environment. 

Therefore, our study is consistent with it and this makes clear the high importance of swimming skill training for people. In the 
study of Livy et al. [26], the prevention strategies included teaching swimming skills, using technology in times of need, and envi
ronmental skills and short-term positive effects and significant behavior change were observed in the use of life jackets, of which our 
study is aligned. It was also stated in both studies that the complexity of issues surrounding drowning requires robust data collection 
and evaluation of preventive measures to support the development of targeted and tailored prevention interventions and that 
drowning is a serious public health issue and should be prioritized like other public health priorities. In Yang et al.’s study [28], none of 
the children’s caregivers knew how to perform CPR. For children under 5 years of age, significant risk factors included the caregiver’s 
poor health, lack of use of flotation devices, and lack of proper swimming training. For children aged 5–14 years, the main risk factors 
were that the child did not experience regular play near or in water and lack of close supervision, and our study was similar to these 
findings. Also, the risk factors identified in this study showed that childhood drowning can be prevented by providing safety education 
programs, which should focus on continuous adult supervision and the use of flotation devices when children play in and near water in 
rural areas in the countries to prevent from developing. 

In final, in terms of knowledge of both medical and non-medical personnel groups, the FGDs appeared to be well aware of drowning 
prevention measures but they rarely take any preventive measures. The gap between the knowledge and behavior may be due to 
situation culture and these events are accepted as natural then resulting in a lack of any effort taken at three-level, family, community, 
or infrastructure. 

A. Davoudi-Kiakalayeh et al.                                                                                                                                                                                        



Heliyon 9 (2023) e16958

11

4.6. Limitations of the study 

If people were not interested in participating in the meetings, they were removed and their replacements were introduced. The 
findings reported by the local medical and nonmedical personnel in the focus groups may not be generalizable to other regions, and 
also the focus groups’ experiences and suggestions have not been validated in their setting. 

5. Conclusion 

The Haddon matrix can be used in the qualitative research method, both in the data collection stage and in the data analysis stage. 
This study, using the Haddon matrix as a qualitative study method, obtained useful information about the injuries caused by drowning 
and effective strategies for preventing drowning, which will be useful for future research. We investigated the main reasons for the 
injury in two major risk groups including young boys and teenagers and then children and the, and according to Haddon’s strategy, 
solutions were presented, which mainly require interdisciplinary activities with a greater focus on these two groups. It is to eliminate 
the defects and prevent the recurrence of possible future incidents and can be a practical guide for the planning of the relevant 
organizations. 
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