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Abstract 

Background:  Road traffic accidents have been one of the leading causes of death. Despite the increasing trend of 
road traffic apps, there is no comprehensive analysis of their features and no taxonomy for the apps based on traffic 
safety theories. This study aimed to explore the characteristics of available mobile apps on road traffic health/safety 
and classify them with emphasis on Haddon’s matrix.

Methods:  The researchers examined the mobile applications related to road traffic health/safety using qualitative 
content analysis. Google Play was searched using a combination of the keywords. Haddon’s matrix was applied to 
analyze and classify those mobile apps residing in the categories of Road Traffic health & Safety, and Road Traffic 
Training.

Results:  Overall, 913 mobile apps met the inclusion criteria and were included in the final analysis. Classification of 
the apps based on their features resulted in 4 categories and 21 subcategories. A total number of 657 mobile apps 
were classified based on Haddon’s matrix. About 45.67% of these apps were categorized as the road traffic health & 
safety group.

Conclusions:  Haddon’s matrix appears to have the potential to reveal the strengths and weaknesses of existing 
mobile apps in the road traffic accident domain. Future development of mobile apps in this domain should take into 
account the existing gap.
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Background
According to the World Health Organization report, 1.35 
million people are killed due to traffic accidents, and mil-
lions are injured annually [1]. Moreover, road accidents 
have psychological consequences. Based on studies, road 
traffic accidents have been argued to be the leading cause 
of posttraumatic stress disorder (PTSD) [2]. As WHO 
reports on the global status of road safety, despite being 
among the leading causes of mortality, most traffic acci-
dents are predictable and preventable. There is evidence 

of interventions that have been effective at preventing 
traffic accidents; countries that have successfully imple-
mented these interventions have seen a considerable 
decrease in traffic accident deaths [3].

Considering the scope and pace of technological 
improvements, people have turned to technologies for 
solving their various problems [4]. Mobile phones are 
one of the most widely used technologies. The number of 
mobile subscribers was 5.2 billion in 2019. It is estimated 
to have about 5.8 billion unique mobile subscriptions 
worldwide by the end of 2025 [5].

Smartphone is a culprit for drivers’ distraction and 
road accidents [6–10]. One study highlighted that tasks 
in the smartphones that take drivers’ eyes off the road 
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have a greater safety–critical risk than functionali-
ties with no involvement of the eyes off the road [11]. 
However, another study has shown the conversation 
on hands-free (HF) and handheld (HH) phones can 
affect the driver reaction time (RT: as a response with 
a brake pedal to an event requiring a response in the 
traffic environment), RT detection, detection percent-
age, lateral position and speed in a similar way. This can 
be attributed to the fact that if the phone does not fit 
in the car automatically, interacting with the HF phone 
may require manipulating a device. Therefore the driver 
may require keeping his eyes off the road, which may 
increase the risk of an accident [12].

Despite being among the main culprit behind road 
traffic accidents, smartphone technology can facilitate 
road traffic management practices. Different capabili-
ties of smartphones (such as lane detection, vehicle 
detection, and vehicle distance estimation) can turn 
them into potential accident prevention devices [13]. 
With the widespread use of mobile devices, many com-
panies have recently developed apps to improve public 
service quality, people security, and safety [14]. Simi-
larly, the development of smartphone technologies has 
driven the growth of mobile applications in the road 
traffic field. These apps are used for many transporta-
tion-related activities such as education, road traffic 
data collection, travel information, route planning, and 
navigation [15].

There are also traffic apps for promoting environ-
mental safety, drivers/pedestrian safety, traffic alerts 
[16], and driving behavior feedbacking. The world has 
witnessed progress in these areas. For example, receiv-
ing traffic accident information via mobile apps has 
changed for recording driver behavior. According to 
recent studies, receiving information about driving 
behavior through traditional models such as question-
naires, Police report studies, and direct observation has 
been replaced with new approaches, including [17]:

(1)	 Driving simulator: This type of device is designed to 
imitate driving and enables a safe, virtual environ-
ment for testing driver behavior characteristics.

(2)	 Naturalistic driving: This includes installing instru-
ments such as In-Vehicle Data Recorders (IVDRs) 
and On-Board Diagnostics (OBDs) tools in the 
vehicle to capture information about driving behav-
ior in the real world.

(3)	 Non-intrusive recording of driver’s behavior: This 
involves the use of smartphone data captured by 
sensors embedded in smartphones. One can use 
such data for both accident analysis and road safety 
research.

Using smartphone sensors for recording the driving 
behavior data of 303 drivers at the road segment and 
junction level showed that if the average traffic volume 
per lane increases in the respective areas, the number of 
rough events in the road segments will increase. In addi-
tion, as the average occupancy increases  in  junctions, 
there is an increase in harsh accelerations, and as the 
average speed increases, more harsh decelerations occur 
[18].

As the number of road traffic apps increases, several 
issues may arise and influence their use. This increase 
makes identification of the apps difficult, making their 
classification inevitable. One way to help researchers 
and professionals to understand and analyze complex 
domains is to classify objects [16]. According to evidence 
[19], any taxonomy should have the following charac-
teristics if it is to be beneficial: It must be brief, enough 
inclusive, comprehensive, and extendible.

A limited body of knowledge is available on the clas-
sification of apps relates to general mobile app clas-
sification methods such as hierarchical classification, 
two-dimensional classification, and three-dimensional 
classification [20]. There is no classification of apps in a 
particular domain based on their related scientific frame-
works. Only two studies in the literature [21, 22] have 
presented the mobile app classification in traffic and 
tourism fields. According to one of the studies, road traf-
fic apps [23] fall into the following three types:

(1)	 Blocking apps: relates to apps that prevent or limit 
the driver from using routine functionalities of the 
mobile phone, such as calling, typing, reading, and 
various notifications.

(2)	 Apps that change the interface with the user: 
include apps that present a less distracting interface 
by enabling “Eyes on the road hands on the wheel”. 
This is done through voice controls, heads-up dis-
plays (HUDs), and hand gesture control.

(3)	 Driving feedback and coaching apps: are safety-ori-
ented apps that provide, similar to In-Vehicle-Data-
Recorder (IVDR), also known as Green Box, indi-
cations about unsafe and aggressive behaviors, 
collision warnings on short headways and lane-
keeping, fatigue detection, and unexpected weather 
conditions.

Since each of the apps has a variety of features, char-
acterizing them is crucial for appropriate use. It is 
essential to identify the whole spectrum of the apps’ 
functionalities and enlist information and communica-
tion media used in mobile apps. The researchers char-
acterized Information Feeding System (IFS) used by the 
apps. The aim was to enlist technologies of capturing 
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information and types of communication media trans-
ferring information to end-users. Smartphones with a 
high-resolution camera, microphone, compass, acceler-
ometer, 3-axis gyroscope, and GPS sensors can collect 
different data. They can capture traffic information to 
detect congestion, traffic signals, and rerouting traf-
fic. These devices can also gather environmental infor-
mation for monitoring road conditions to detect road 
anomalies and warn drivers of potholes and their loca-
tion. Moreover, they can sense information about driv-
ing behavior to recognize aggressive or nonaggressive 
driving, drunk driving, lane departure, and assist eco-
driving [21].

Despite the increasing trend of the apps on road traf-
fic health and safety, there is no comprehensive analysis 
and classification of their features based on the traf-
fic safety frameworks. This study aimed to explore the 
characteristics of available mobile apps on road traffic 
health and safety and classify them based on Haddon’s 
matrix as the most comprehensive framework in the 
area of injury prevention. As a mobile operating system, 
Android  is widely used and has 72% of the mobile mar-
ket share [23], compared with other operating systems.

William Haddon had worked for many years on road 
safety in the USA. In 1970, he presented Haddon’s Matrix 
to the world of injury prevention [24]. Researchers have 
used the Haddon matrix as a tool for developing ideas for 
safety promotion and prevention of various injuries or 
fatalities. The matrix is a framework table with three rows 
and four columns related to the public health concepts. 
This framework aims at changing the concepts of pri-
mary, secondary, and tertiary prevention [25]. Although 
Haddon initially presented his matrix for incident anal-
ysis at the individual level, this matrix has been used at 
the level of group analysis and even in methodological 
studies as a method of qualitative analysis. In the present 
study, the Haddon matrix is used as a research methodol-
ogy to provide more practical study objectives and at the 
same time improve the level of study analysis and facili-
tate the output of the analysis for users in the field of traf-
fic safety who are familiar with the Haddon matrix [26]. 
Each row frames the timing of incident respectively as 
pre-event, event, and post-event phase. While designing 
a mobile app for primary prevention, we can categorize it 
as an intervention under the pre-event phase. For exam-
ple, the apps that provide road traffic rules education and 
apps that inform about the vehicle status before the trip 
belong to this category. Analyzing the event phase will be 
valuable when interested in secondary prevention meas-
ures. For example, apps for drowsiness and distraction 
management relate to this phase. Apps for driving/driver 
behavior feedbacking belong to the post-event phase of 
Haddon’s matrix.

Methods
A comprehensive review of the mobile applications 
for road traffic health and safety was carried out using 
qualitative content analysis. This study included all apps 
related to the field of road traffic. First, the researchers 
set eligibility criteria to retrieve the most relevant apps in 
the search phase. After retrieving the apps, the research-
ers (HA and LRK) screened them for selecting the appro-
priate apps. Then data was extracted about the apps and 
their features. In addition, their functionalities were ana-
lyzed. Finally, the apps were classified in general and in 
terms of Haddon’s matrix framework. Figure 1 illustrates 
these stages in detail.

In this study, we extracted the features of traffic and 
transportation apps. If they had health and safety attrib-
utes, the researchers categorized them using Haddon’s 
matrix. According to the app features, we created four 
categories: Road Traffic Health & Safety (RTHS), Road 
Traffic Training (RTT), Road Traffic Navigation (RTN), 
and Other Road Traffic Apps (ORT). Out of the four 
categories, two groups (RTHS and RTT) had health and 
safety features. Therefore, we divided them based on 
Haddon’s matrix. We considered Haddon’s matrix factors 
as the human, vehicle, physical, and social environment. 
Then we categorized the apps based on these factors. 
We also modified the phases of Haddon’s matrix to the 
pre-driving, driving, and post-driving stages. We finally 
classified the apps based on these phases. The supple-
mentary file [see Additional file 1] includes details of data 
extracted from the mobile apps in terms of 4 factors and 
three stages of Haddon’s matrix.

Results
Basic information about reviewed apps
As shown in Fig.  2, a total number of 4790 apps were 
retrieved from Google Play Store. After reviewing and 
screening them, 913 apps remained for the final review 
after applying eligibility criteria. About 82.3% of the 
reviewed apps were free, 16.9% FREE + In-App, and 0.9% 
Paid. The launch date of the reviewed apps revealed that 
the creation date of most apps were 2018 and 2017, with 
251 and 190 apps, respectively.

The general classification of the reviewed apps
To classify the apps, two researchers (HA and LRK) ana-
lyzed the app features and functionalities independently, 
which agreed on 75%. The remaining 25% was discussed 
by the two reviewers, of which about 8% disagreed, and 
eventually, disagreements were resolved by the third 
researcher (HSB). Four general categories with 21 sub-
categories were defined for the apps (Fig.  3). The four 
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categories include Road Traffic Health & Safety (RTHS), 
Road Traffic Training (RTT), Road Traffic Navigation 
(RTN), and Other Road Traffic apps (ORT).

The RTHS category has 11 subcategories. Among the 
subcategories of the RTHS group, the highest number 
of apps (190) is the real-time traffic information/alerting 
apps that monitor road traffic issues such as congestion, 
road construction, accident, and weather conditions to 

inform drivers near to real-time or in real-time for pre-
venting potential hazards.

Among 240 apps in the RTT category, 13.03% of apps 
are in the subcategory of traffic rules & road signs. In 
addition, apps that help people learn the driving knowl-
edge and skills (with the use of image, video, and tips) 
to receive a driving license and also apps that distin-
guish risk perception of the driver are grouped in the 

Fig. 1  Stages for analysis and classification of the road traffic mobile apps
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driving performance (knowledge & skills) subcategory 
with 10.62%.

The RTN category consists of 197 apps in 2 sub-
groups. Apps under mapping & routing subcategories 
(16.21%) are similar to the apps under the real-time 
traffic alerting subgroup, except that there are no 
warnings about road conditions, accidents, and block-
age. The priority in this subcategory is to guide users 
through the route provided on the map or by voice. 
Moreover, the ridesharing service (0.33%), safe driver 
service (0.33%), and Eco- driving & fuel saving (2.19%) 
are categorized in the RTHS group. The apps of these 
subcategories are classified in the RTHS group because 
of their health and safety features. For example, Eco-
driving & fuel saving subcategory has apps to manage 
fuel consumption and reduce environmental pollu-
tion while managing traffic issues with safety implica-
tions. The ridesharing service subcategory has apps to 
transform urban mobility by providing timely and con-
venient transportation. It has the potential for a posi-
tive impact on society in terms of pollution and energy 
consumption. Also, the parking subcategory with 5.3% 
apps allows users to find and book free parking spaces.

The ORT category has five subcategories. Among the 
subcategories of the ORT group, the highest number of 

apps (30) is related to the apps intending to take taxi/
car service/vehicle renting.

Classification of the apps by the Haddon’s matrix
Figure  3 illustrates the achieved classification of the 
road traffic apps based on four factors of human, 
vehicle, physical and social environment of Haddon’s 
matrix. Utilizing these factors revealed the feasibility 
of classifying two main categories of the apps (includ-
ing the RTT and the RTHS apps) based on Haddon’s 
matrix. For example, the drowsiness management sub-
category involves the human factor of Haddon’s matrix. 
Also, the speed limit warning subcategory involves both 
human and vehicle factors of Haddon’s matrix. Further-
more, eco-driving & fuel-saving, and ride-sharing ser-
vice subcategories involve all 4 of Haddon’s factors.

A total number of 657 apps were categorized into two 
RTHS and RTT groups. The factor/s that has/have been 
the center of attention for intervention in apps relates 
to the physical & social environment (32.88%) in the 
RTT category, followed by the physical environment 
(28.92%), human (24.96%), human-vehicle (6.09%), 
vehicle (3.65%), and all four Haddon’s matrix factors 
(3.5%).

One hundred percent of the apps residing in the Event/
driving phase of Haddon’s matrix belong to the RTHS 
category. Most of the apps under the Event/driving phase 
belong to the real-time traffic information/alerting sub-
group. These apps perform in real-time while driving. 
Moreover, 12.41% of the apps under the Pre-event/Pre-
driving phase belong to the RTHS group, and 87.59% 
belong to the RTT group. The traffic rules & road signs 
subcategory is ranked first (43.43%) among subcategories 
of apps that belonged to the Pre-driving/Pre-event phase. 
Most of the apps classified under the Post-event/Post 
driving phase are related to the driving/driver behavior 
feedbacking subcategory (96.67%), which informs drivers 
about their driving behavior at the end of the trip.

Since some of the apps had features targeting more 
than one phase of Haddon’s matrix, we considered more 
than one phase when required. For example, some apps 
of Real-time traffic information/alerting subgroups can 
only be used by the user before driving (for example, by 
providing traffic information such as a blocked route, and 
they notify the driver before starting the trip and moving 
to that route). However, some of them are also used by 
the user while driving. Such an app may inform the user 
of traffic information such as heavy traffic on the road 
resulting from road construction or an accident in real-
time. Moreover, some apps in this subcategory have fea-
tures for helping before, during, and after driving. Table 1 
presents the full details.

Fig. 2  Flow chart of reviewing road traffic mobile apps for 
representing the process of searching, screening, and selecting
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Communication media and information feeding systems 
of the apps
The researchers characterized fourteen types of com-
munication media considering the features of apps. The 
auto-answer functionality has been used commonly in 
apps classified in the subcategory of distraction manage-
ment. By deploying this technology, the mobile applica-
tion automatically answers incoming calls with messages 
like "I’m driving”, “I call later” or others. As Fig. 4 illus-
trates, visual communication media is the most used 
technology among mobile apps, so that 42.6% of the apps 
in all four categories have utilized this technology. Over-
all, 154 apps from real-time traffic information/alerting 
subgroups provide users with a visual technology of the 
traffic situation. 233 apps included educational content 

technology containing video, text, and picture for the 
apps with training functionality.

By deep analyzing the features of included apps, nine 
different types of information feeding sources (IFS) were 
characterized. These sources were categorized into two 
groups: static IFS and dynamic IFS. While only off-line 
IFS is grouped into the category of static, others are clas-
sified into the dynamic IFS (see Table 2 for details).

Discussion
In this study, we first explored the characteristics of avail-
able mobile apps on road traffic health and safety and 
then classified them based on Haddon’s matrix as the 
most comprehensive framework in the area of injury pre-
vention. Haddon’s efforts aimed at using systems theory 

Fig. 3  The classification of road traffic apps according to Haddon’s matrix. Road Traffic Health & Safety (RTHS): ARR​ Accident record and report, AFD 
Alcohol free driving, DrM Drowsiness management, DiM Distraction management, DBF Driving/driver behavior and feedbacking, SDS Safe driver 
service, SCPD Speed camera & police detector, SLW Speed limit warning, RTIA Real-time traffic information/ alerting, EDFS Eco driving & fuel saving, 
RSS Ride sharing service, Road Traffic Training (RTT): VOFM Vehicle operating, fixing and maintenance, TRRS Traffic rules & road signs, DP(ks) Driving 
performance (knowledge & skills). Road Traffic Navigation (RTN): MR Mapping & routing, P Parking. Other Road Traffic apps (ORT): CFTM Car or fleet 
tracking and management, IF Insurance & fine, RVC Remote vehicle control, TT/CS/VR Taking taxi/Car service/Vehicle renting, TSN Transportation for 
special need
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to explain ways to reduce the frequency and severity of 
traffic accidents [27]. We could not consider the Haddon 
framework as a systems theory approach. However, it 
reflects the importance of three levels of prevention and 
the importance of working with all elements of the sys-
tem, not just the road user, to identify causes as well as 
preventive actions [28].

By classifying the apps in terms of Haddon’s matrix, we 
were able to find out which categories of apps can help 
users before, during, and after driving. Also, we found 
that each of the apps is related to which Haddon’s matrix 
factors (human, vehicle, social and physical environment) 

toward reducing the errors of that factor in driving. For 
instance, if a driver is drowsy during driving, the drowsi-
ness management app can warn him/her at the right time 
before getting late. As another example, if there is a prob-
lem in the driving route (physical agent error), the apps 
of real-time traffic information/alerting subgroups can 
help the driver and prevent possible accidents.

Haddon’s matrix provided us a relevant framework for 
structured analyses of the mobile apps in the domain of 
Road Traffic Health & Safety. We classified the apps in 
terms of 3 different factors of Haddon’s matrix (including 
human, vehicle/equipment, and environmental factors) 

Table 1  Distribution of RTHS apps as well as RTT apps in Haddon’s matrix

(Pre-event/ 
Pre-driving)

(Event/ Driving) (Post- event/ 
Post-driving)

(Pre-event/ 
Pre-driving) & 
(Event/ Driving)

(Pre-event/ 
Pre-driving) & 
(Post- event/ 
Post-driving)

(Event/Driving) 
& (Post- event/ 
Post-driving)

(Pre-event/ 
Pre-driving) & 
(Event/ Driving) & 
(Post- event/ Post-
driving)

Road Traffic Health 
& Safety (RTHS)

12.41% 100% 100% 100% 100%

Accident record‑
ing and report‑
ing

1.06%

Alcohol free 
driving

2.19%

Distraction man‑
agement

0.36% 7.75% 7.41%

Driving/driver 
behavior feed 
backing

0.36% 4.93% 96.67% 88.89%

Drowsiness man‑
agement

3.87%

Eco driving & fuel 
saving

6.2% 3.33% 8.33%

Real-time traffic 
information/ 
alerting

1.09% 61.62% 91.67% 3.7%

Ride sharing 
service

1.09%

Safe driver service 1.09%

Speed camera & 
police detector

6.69%

Speed limit warn‑
ing

14.08%

Road Traffic Train-
ing (RTT)

87.59%

Driving knowl‑
edge & skills

35.4%

Traffic rules & road 
Signs

43.43%

Vehicle 
operating,fixing 
and mainte‑
nance

8.76%

Total 100% 100% 100% 100% 100%
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and three phases of the pre-accident, accident, and post-
accident. When we applied Haddon’s matrix factors to 
different subgroups, we found that the human factor is 
the most widely considered factor for digital intervention 
in mobile applications across all the phases, before, dur-
ing, and after driving.

According to the results, a few apps have mentioned 
that they have been developed or supported by traffic 
and transportation organizations, and most of them were 
individuals or software companies. However, there were 
relevant organizations among the developers including, 
the Abu Dhabi Department of Transport (DOT), Keep-
ing Roads Safe Technologies Inc., Cambridge Mobile 
Telematics, American Geriatrics Society, National High-
way Traffic Safety Administration, Wyoming Department 
of Transportation, Department of Transport, and Main 
Roads Queensland. Supporting such organizations may 
reflect a recognition and perceived importance of mobile 

apps in road traffic health and safety. Since there is no 
evidence, we could not judge the quality of apps based 
on their designers or sponsors. However, it appears that 
the more we could have an engagement of road traffic 
safety experts and the more we could use the evidence 
for designing the apps, we may end up with higher qual-
ity mobile apps. Such an approach may decrease the indi-
viduals’ concern regarding the safety of the apps. During 
the evaluation of the mobile apps, one may ask if there is 
any road traffic safety organization and evidence behind 
the developed app.

Since traffic behaviors are more culturally relevant, 
they should be considered as a strategic and ongoing 
goal. Moreover, every possible solution should be used 
for improving traffic safety. One of the technology-
based solutions could be the road traffic apps developed, 
approved, and recommended by the relevant agencies or 
authorities. It appears imperative to have organizations 

Fig. 4  Distribution of communication media in different subcategories of road traffic apps
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in place for examining, validating, and accrediting the 
apps produced, especially if their developers have some 
claims about road traffic health and safety, and accident 
prevention.

We also looked at the communication media used in 
mobile apps. Communication media that was observable 
among apps under the distraction management subcat-
egory ranged from the auto-answer to Block cell phone, 
Silence cell phone, and Screen magnifying. Managing 
communication media in multi-functional apps appears 
critical since different tasks such as drowsiness manage-
ment, distraction management, real-time traffic alerting, 
driving behavior feedback or other features may require 
different communication media.

The other issue that matters in app development is the 
information feed. If credible centers feed information 
into the mobile application, their validity will be more 
likely. These centers may include and are not limited to 
traffic control centers, police, road network administra-
tion, emergency medical centers, and insurance compa-
nies. It appears the reliable information sources can lead 
to the effective management of road traffic issues and 
give confidence to the app users. Evidence shows that 
some of the apps developed in the field of traffic health 
and safety (ranging from environmental detection [29, 
30], to drowsiness management [31, 32], medical sup-
porting [33, 34], real-time road condition [35, 36], and 
driving behavior [37–39]) provide information feeds 
using mobile sensors.

Smartphones have the potential to prevent possible 
accidents. Researchers have developed a mobile app 
that prevents accidents by monitoring, analyzing driv-
ing behavior, and advising driver based on unsafe driving 
behaviors. They used smartphone cameras and inter-
nal sensors (accelerometer, gyroscope, GPS, and micro-
phone) to monitor driving behavior [40]. It is important 
to note that many mobile apps with the functionality of 
driving safety have been developed. However, there is 
limited empirical evidence on whether these apps are 
effective in promoting road safety or not. Furthermore, 
the evaluation of these apps through clinical trials seems 
to be inevitable. The field evaluators should assess the 
effectiveness, efficiency, and impact of these apps on 
health and traffic safety for the most popular apps in 
the real world or simulated environment. Moreover, the 
validity of these apps should be evaluated. Because they 
are in road traffic safety and their poor performance may 
cause irreversible injury or fatal results.

Authorities and legislators should regulate the use 
of road traffic health and safety apps in terms of their 
approval, encouragement, or prohibition. They should 
take a position on the validity and use of these apps. 
These authorities can also provide some domain 

standards and red lines for the development of road traf-
fic apps. It appears inevitable to define a clearance pro-
cess and dedicated clearance body for approval of these 
apps similar to what we have as FDA clearance for medi-
cal apps. This can contribute to the safety and accuracy 
of the apps. Therefore, the user may use them with confi-
dence and trust.

Limitations
Our study was limited to the apps developed for android 
platforms and did not include apps developed for other 
platforms. In most cases, the retrieved apps on Google 
Play have an iOS version. Despite the fact that both oper-
ating systems have sufficient popularity worldwide, the 
penetration of the Android operating system is more 
than iOS. Another limitation of our study is that we did 
not analyze the user comments for the apps included in 
this study. The results from such analysis could identify 
the issues related to the usage of apps in the real world. It 
could also shed light on the unmet needs of the user and 
reveal their recommendations for consideration in future 
app updates or developments.

Future direction
Future studies should examine and evaluate traffic apps 
on iOS and other existing operating systems. Moreover, 
it is also recommended to do original research on exist-
ing apps and compare their safety and performance of 
their features. It is also ideal to evaluate the user-friendly 
of traffic apps with evidence of secondary data in a simu-
lated environment or real world. Future studies should 
define a suitable and comprehensive final model for the 
development and evaluation of traffic apps. Such a model 
can be used as a reference for developing apps that are 
more compatible with road traffic safety goals and have 
full features.

Finally, the following users may use the results from 
this study:

(1)	 Road users. To get acquainted with the existing 
road traffic apps.

(2)	 Politicians, legislators, and managers. By studying 
the features of existing apps, they can develop rel-
evant rules and promote traffic safety-related train-
ing. Managers can also increase the awareness of 
road users about these apps by getting acquainted 
with the features related to traffic apps.

(3)	 Researchers (Road Safety Researchers; Information 
Technology Researchers or App Research Scien-
tists). Road safety researchers can evaluate safety 
aspects and user-friendliness of traffic safety apps in 
the form of original studies. In addition, the features 
of apps presented in this study can guide informa-
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tion technology researchers in suggesting appropri-
ate frameworks for the development of road traffic 
apps for the use of app developers.

(4)	 App developers. By studying the features of exist-
ing apps and getting acquainted with their strengths 
and weaknesses, they can develop a more appropri-
ate, comprehensive, and compatible app for traffic 
safety purposes.

(5)	 News reporters can present the results of app clas-
sification and their features to general target groups.

Conclusion
Haddon’s matrix proved useful in categorizing existing 
mobile apps of road traffic health and safety. It means the 
mobile apps can be designed and used as an intervention 
on different factors (including human, vehicle, physical 
and social environments) and phases (before, during, 
and after the accident) the Haddon’s matrix. Therefore, 
mobile apps can be considered as intervention tools in 
road traffic health and safety. Developers of mobile apps 
may think systematically about the comprehensive con-
tents for mobile apps in road traffic health and safety 
mobile considering multiple factors presented in the 
Haddon matrix. Therefore, this could end up with more 
meaningful and effective mobile apps in this domain. 
Since road traffic accidents and injuries are multi-facto-
rial issues, they require multi-factorial solutions.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12911-​021-​01578-8.

Additional file 1. Complete characteristics and features of Road Traffic 
apps retrieved from Google Play, and categorization of them by Haddon 
matrix.

Acknowledgements
This article is a part of the preliminary phase of a PhD thesis that has been 
approved by the Ethics Committee of Tabriz University of Medical Sciences.

Authors’ contributions
LRK, HSB, and HA: study concept and design. HA and LRK: acquisition and 
analysis of data. HA, LRK, HSB and MRFD: classification of the applications and 
interpretation of data. HA drafted the manuscript. LRK, HSB and HA: active 
contribution to the manuscript revision. All authors read and approved the 
final manuscript.

Funding
This study has been funded by Road Traffic Injury Research Center, Tabriz 
University of Medical Science,  Tabriz, Iran.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Ethics Committee of Tabriz University of Medical Sciences Consent for publica‑
tion (IR.TBZMED.REC.1397.465).

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Health Information Technology, School of Management 
and Medical Informatics, Tabriz University of Medical Sciences, Tabriz, Iran. 
2 Health Services Management Research Center, Research Center of Psychiatry 
and Behavioral Sciences, Tabriz University of Medical Sciences, Tabriz, Iran. 
3 Road Traffic Injury Research Center, Tabriz University of Medical Sciences, 
Tabriz, Iran. 4 International Safe Community Certifying Center, Stockholm, Swe‑
den. 5 Department of Computer Engineering, University of Tabriz, Tabriz, Iran. 

Received: 31 March 2021   Accepted: 8 July 2021

References
	1.	 World Health Organization. Global status report on road safety 2018: 

summary. 2018 [cited 2019 May 15]. Available from https://​apps.​who.​int/​
iris/​bitst​ream/​handle/​10665/​277370/​WHO-​NMH-​NVI-​18.​20-​eng.​pdf.

	2.	 Cartwright A. The psychological effects of road traffic accidents (RTAs): an 
exploration of a united kingdom medico-legal examiner’s career of RTA 
assessments. Psychiatr psychol law. 2018;25(2):303–24.

	3.	 World Health Organization. Global status report on road safety 2015. 
2015 [cited 2019 May 15]. Available from https://​www.​who.​int/​roads​
afety/​events/​2015/​Appen​dix_​15.​pdf.

	4.	 Gokasar I, Bakioglu G. The effect of user comments on traffic application 
usage. Int J Urban Civil Eng. 2016;10(11):1408–15.

	5.	 The Mobile Economy 2020. [cited 2021 Jul 14]. Available from https://​
www.​gsma.​com/​mobil​eecon​omy/​wp-​conte​nt/​uploa​ds/​2020/​03/​GSMA_​
Mobil​eEcon​omy20​20_​Global.​pdf.

	6.	 Al-Jasser FS, Mohamed AG, Choudry A, Youssef RM. Mobile phone use 
while driving and the risk of collision: a study among preparatory year 
students at King Saud University, Riyadh, Saudi Arabia. J Family Commu‑
nity Med. 2018;25(2):102.

	7.	 Brace CL, Young KL. Regan MA. Analysis of the literature: The use of 
mobile phones while driving. Publikation; 2007. p. 35.

	8.	 Dragutinovic N, Twisk D. Use of mobile phones while driving–effects on 
road safety. Leidschendam: SWOV Institute; 2005. [cited 2020 July 15]. 
Available from: https://​eprin​ts.​qut.​edu.​au/​120305.

	9.	 Oviedo-Trespalacios O, Williamson A, King M. User preferences and 
design recommendations for voluntary smartphone applications to 
prevent distracted driving. Transp Res Part F Traffic Psychol Behav. 
2019;64:47–57.

	10.	 World Health Organization. Mobile phone use: a growing problem of 
driver distraction. 2011[cited 2019 May 15]. Available from https://​apps.​
who.​int/​iris/​bitst​ream/​handle/​10665/​44494/​97892​41500​890_​eng.​pdf.

	11.	 Simmons SM, Hicks A, Caird JK. Safety-critical event risk associated with 
cell phone tasks as measured in naturalistic driving studies: a systematic 
review and meta-analysis. Accid Anal Prev. 2016;87:161–9.

	12.	 Caird JK, Simmons SM, Wiley K, Johnston KA, Horrey WJ. Does talking on 
a cell phone, with a passenger, or dialing affect driving performance? An 
updated systematic review and meta-analysis of experimental studies. 
Hum Factors. 2018;60(1):101–33.

	13.	 Tang SJW, Ng KY, Khoo BH, Parkkinen J. Real-time lane detection and rear-
end collision warning system on a mobile computing platform. IEEE 39th 
Annual Conference on Computer Software and Applications. 2015, pp. 
563-568. https://​doi.​org/​10.​1109/​COMPS​AC.​2015.​171.

	14.	 Cardamone AS, Eboli L, Forciniti C, Mazzulla G. Willingness to use mobile 
application for smartphone for improving road safety. Int J Inj Contr Saf 
Promot. 2016;23(2):155–69.

https://doi.org/10.1186/s12911-021-01578-8
https://doi.org/10.1186/s12911-021-01578-8
https://apps.who.int/iris/bitstream/handle/10665/277370/WHO-NMH-NVI-18.20-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/277370/WHO-NMH-NVI-18.20-eng.pdf
https://www.who.int/roadsafety/events/2015/Appendix_15.pdf
https://www.who.int/roadsafety/events/2015/Appendix_15.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://www.gsma.com/mobileeconomy/wp-content/uploads/2020/03/GSMA_MobileEconomy2020_Global.pdf
https://eprints.qut.edu.au/120305
https://apps.who.int/iris/bitstream/handle/10665/44494/9789241500890_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/44494/9789241500890_eng.pdf
https://doi.org/10.1109/COMPSAC.2015.171


Page 12 of 12Aghayari et al. BMC Med Inform Decis Mak          (2021) 21:230 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	15.	 Siuhi S, Mwakalonge J. Opportunities and challenges of smart mobile 
applications in transportation. J Traff Transp Eng (English edition). 
2016;3(6):582–92.

	16.	 Gómez D, Bernardos AM, Portillo JI, Tarrío P, Casar JR.  A review on mobile 
applications for citizen emergency management. In: Corchado JM et al., 
editors. Highlights on practical applications of agents and multi-agent 
systems. PAAMS 2013. Communications in computer and information sci‑
ence. vol 365. Springer, Berlin, Heidelberg; 2013. https://​doi.​org/​10.​1007/​
978-3-​642-​38061-7_​19.

	17.	 Ziakopoulos A, Tselentis D, Kontaxi A, Yannis G. A critical overview of 
driver recording tools. J Safety Res. 2020;72:203–12.

	18.	 Petraki V, Ziakopoulos A, Yannis G. Combined impact of road and traffic 
characteristic on driver behavior using smartphone sensor data. Accid 
Anal Prev. 2020;144:105657. https://​doi.​org/​10.​1016/j.​aap.​2020.​105657.

	19.	 Nickerson R, Muntermann J, Varshney U, Isaac H. Taxonomy development 
in information systems: Developing a taxonomy of mobile applications. 
European Conference in Information Systems, 2009 [cited 2021 Jul 15]. 
Available from: https://​halshs.​archi​ves-​ouver​tes.​fr/​halshs-​00375​103/​
docum​ent.

	20.	 Albert G, Musicant O, Oppenheim I, Lotan T. Which smartphone’s apps 
may contribute to road safety? An AHP model to evaluate experts’ opin‑
ions. Transp Policy (Oxf ). 2016;50:54–62.

	21.	 Jiang Y, Zhang J, Wang Y, Wang W. Drivers’ behavioral responses to driving 
risk diagnosis and real-time warning information provision on express‑
ways: A smartphone app–based driving experiment. J Transp Saf Secur. 
2020;12(3):329–57.

	22.	 Kennedy-Eden H, Gretzel U. A taxonomy of mobile applications in tour‑
ism. Conference on Information and Communication Technologies in 
Tourism. 2012 [cited 2020 Jul 20]. Available from https://​ro.​uow.​edu.​au/​
cgi/​viewc​ontent.​cgi?​artic​le=​3559&​conte​xt=​commp​apers.

	23.	 Bayazit EC, Sahingoz OK, Dogan B, Neural network based Android 
malware detection with different IP coding methods, 3rd International 
Congress on Human-Computer Interaction, Optimization and Robotic Appli-
cations (HORA), 2021, pp. 1-6. https://​doi.​org/​10.​1109/​HORA5​2670.​2021.​
94613​02.

	24.	 Sadeghi-Bazargani H, Azami-Aghdash S, Arshi S, Hosseini MM, Samadirad 
B, Mohammadi MN, et al. Exploring possible causes of fatal burns in 2007 
using Haddon’s Matrix: a qualitative study. J Inj Violence Res. 2015;7(1):1.

	25.	 Parry WH. Book Reviews: Causal Thinking in the Health Sciences: concepts 
and strategies of epidemiology. In: Susser M, editor. Causal thinking in 
the health sciences: concepts and strategies of epidemiology. New York, 
London: Toronto; 1974. p. 48–9.

	26.	 Deljavan R, Sadeghi-Bazargani H, Fouladi N, Arshi S, Mohammadi R. 
Application of Haddon’s matrix in qualitative research methodology: an 
experience in burns epidemiology. Int J Gen Med. 2012;5:621.

	27.	 Haddon W Jr. A logical framework for categorizing highway safety phe‑
nomena and activity. J Trauma Acute Care Surg. 1972;12(3):193–207.

	28.	 Larsson P, Dekker SW, Tingvall C. The need for a systems theory approach 
to road safety. Saf Sci. 2010;48(9):1167–74.

	29.	 Abdullah D, Al-Hafidh MM. Developing Parallel Application on Multi-core 
Mobile Phone. Int J Adv Comput Sci. 2013;4(11):89–93.

	30.	 Ach R, Luth N, Techmer Real-time detection of traffic signs on a multi-
core processor, 2008 IEEE Intelligent Vehicles Symposium. 2008, pp. 307-312. 
https://​doi.​org/​10.​1109/​IVS.​2008.​46212​11.

	31.	 Ach R, Luth N, Techmer Real-time detection of traffic signs on a multi-
core processor, 2008 IEEE Intelligent Vehicles Symposium. 2008, pp. 307-312. 
https://​doi.​org/​10.​1109/​IVS.​2008.​46212​11.

	32.	 Allamehzadeh A, Olaverri-Monreal C. Automatic and manual driving 
paradigms: Cost-efficient mobile application for the assessment of driver 
inattentiveness and detection of road conditions. IEEE Intelligent Vehicles 
Symposium. 2016, pp. 26–31. https://​doi.​org/​10.​1109/​IVS.​2016.​75353​59.

	33.	 Ali A, Eid M. An automated system for accident detection. 2015 IEEE 
International Instrumentation and Measurement Technology. 2015, pp. 
1608–1612. https://​doi.​org/​10.​1109/​I2MTC.​2015.​71515​19.

	34.	 Ali HM, Alwan ZS. Car accident detection and notification system using 
smartphone. Int J Comput Sci Mob Comput. 2015;4(4):620–35.

	35.	 Allouch A, Koubâa A, Abbes T, Ammar A. Roadsense: smartphone applica‑
tion to estimate road conditions using accelerometer and gyroscope. 
IEEE Sens J. 2017;17(13):4231–8.

	36.	 AlOrabi WA, Rahman SA, El Barachi M, Mourad A. Towards on demand 
road condition monitoring using mobile phone sensing as a service. 
Procedia Comput Sci. 2016;83:345–52.

	37.	 Akhtar N, Pandey K, Gupta S. Mobile application for safe driving, 2014 
Fourth International Conference on Communication Systems and Network 
Technologies. 2014, pp. 212-216. https://​doi.​org/​10.​1109/​CSNT.​2014.​49.

	38.	 Bagheri M, Siekkinen M, Nurminen JK. Cloud-based pedestrian road-
safety with situation-adaptive energy-efficient communication. IEEE Intell 
Transp Syst Mag. 2016;8(3):45–62.

	39.	 Bahadoor K, Hosein P. Application for the detection of dangerous driving 
and an associated gamification framework. 2016 IEEE 4th International 
Conference on Future Internet of Things and Cloud Workshops. 2016, pp. 
276-281. https://​doi.​org/​10.​1109/W-​FiClo​ud.​2016.​63.

	40.	 Kashevnik A, Lashkov I, Gurtov A. Methodology and mobile application 
for driver behavior analysis and accident prevention. IEEE Trans Intell 
Transp Syst. 2019;21(6):2427–36.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/978-3-642-38061-7_19
https://doi.org/10.1007/978-3-642-38061-7_19
https://doi.org/10.1016/j.aap.2020.105657
https://halshs.archives-ouvertes.fr/halshs-00375103/document
https://halshs.archives-ouvertes.fr/halshs-00375103/document
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=3559&context=commpapers
https://ro.uow.edu.au/cgi/viewcontent.cgi?article=3559&context=commpapers
https://doi.org/10.1109/HORA52670.2021.9461302
https://doi.org/10.1109/HORA52670.2021.9461302
https://doi.org/10.1109/IVS.2008.4621211
https://doi.org/10.1109/IVS.2008.4621211
https://doi.org/10.1109/IVS.2016.7535359
https://doi.org/10.1109/I2MTC.2015.7151519
https://doi.org/10.1109/CSNT.2014.49
https://doi.org/10.1109/W-FiCloud.2016.63

	Mobile applications for road traffic health and safety in the mirror of the Haddon’s matrix
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Basic information about reviewed apps
	The general classification of the reviewed apps
	Classification of the apps by the Haddon’s matrix
	Communication media and information feeding systems of the apps

	Discussion
	Limitations
	Future direction
	Conclusion
	Acknowledgements
	References


