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Abstract 

Around 1.25 million people die in car crashes worldwide with 3287 deaths per day. Road 

crashes are ranked 9th as the leading cause of death and account for 2.2% of all deaths globally. 

The advent of advanced technologies has provided car manufacturers with greater incentive 

and opportunity to incorporate new predictive technologies to improve safety. This scientific 

research aims to investigate the implementation of passive and active safety devices on cars as 

a means of reducing serious injuries or fatalities. The investigation was focused on BMW 3-

Series models from 1982 to 2018, covering 4 model phases across 36 years. Two passive safety 

devices (seat belts and air bags) and three active safety devices (anti-lock braking, stability 

control and collision avoidance system) on BMW 3-Series were analysed to assess the efficacy 

of these safety devices to reduce serious injuries to drivers and passengers. Secondary data 

analysis was enriched with interviews with industry experts, and data was validated with 

statistical test to assess the null hypothesis. The null hypothesis of “The implementation of 

advanced technologies in BMW cars do not reduce serious injuries or fatalities” cannot be 

rejected.  

 

Literature Review 

In Australia, the average vehicle travelled 13,301 kilometres per year. The total kilometres in 

2018 on Australian roads was 255,031 million kilometres (Australian Bureau of Statistics). 

With such a high level of activity on the roads, automobile crashes are inevitable. Vehicle 

manufacturers play a key role in helping reduce road accidents and fatalities through 

automobile designs and performance. Technology has enabled these manufacturers to embed 

safety devices in automobiles with the intent to reduce accidents especially serious accidents 

that cause death or serious injuries. In Australia alone, 11,456 people were killed on road 

related deaths per year. 36% of all fatal crashes occur in major cities, while the Northern 

Territory had the highest fatality rate with 20.22 deaths per 100,000 people (National Safety 

Council).  

 

Vehicle manufacturers design and build safety devices in two general categories; safety devices 

can be either passive or active in nature. Passive safety devices act to reduce the injuries on the 

driver and passengers in an automobile when an accident occurs. This is a reactive approach to 

ensure that the seriousness of a crash is mitigated by safety devices such as seat belts and 

airbags. Active safety technologies are devices that act before and possibly prevent an accident 

from happening (Thalya et al, 2018)[15], thus such devices assist the driver in taking evasive 
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actions based on the probability of an accident. Some examples of active safety devices in 

automobiles are collision avoidance system, anti-lock braking system and dynamic or 

electronic stability control. 

 

Passive Safety  

The culture of passive technologies was adopted in the mid 1900s which helped car 

manufacturers to limit the levels of driver and passenger’s injuries and fatalities. Passive safety 

includes constructive measures aimed at protecting vehicle occupants against injury or at least 

reduce the risk of injury: safety belts, airbags, impact absorption area, the guarding of the head 

and chest (Adrian S, 2011)[10]. Passive safety systems addressed in this study are occupant 

restraint system crash (seat belts) and inflatable cushions (airbags). Air bags were introduced 

in 1941, the first known design of a deploying air bag was worked on concurrently in Germany 

and the United States. Both countries tried using a quick release burst of compressed air. 

However, it was not quick enough to provide adequate protection. It wasn’t until the 1980s and 

1990s that the air bags became effective enough to be an essential part of all cars during the 

manufacturing phase. Air bags prevent severe injuries to the drivers and passengers at high 

speed crashes (Dalmotas, 1995)[4].  Nowadays, the air bags have improved substantially, and 

vehicle manufactures have added more air bags in their vehicles. In 1995, Volvo was the first 

manufacturer to install knee and side airbags which helps provide multiple protection to the 

driver and passengers.  

 

Laws, education, and technology have increased seat belt use from 11% in 1981 to nearly 85% 

in 2010. (NHTSA, 2010). The existence of seatbelts have significantly reduced injuries and 

fatalities. The force created by the accident correlates to the mass and acceleration of the body. 

This relationship is shown in Newton’s Second Law of Motion, F = ma. Although it has been 

compulsory to wear seatbelts in New South Wales since 1971, each year on average there are 

about 30 drivers and passengers killed and 220 injured who were not wearing available 

seatbelts. Many of these deaths and injuries could have been prevented if seatbelts had been 

used (NSW Government). The fundamental task of all passive safety systems is to detect and 

assess a crash situation and to initiate corresponding measures to protect the occupants. This 

involves the use of a system of sensors that detects the crash as well as a triggering algorithm 

that evaluates the crash situation, classifies the crash severity and activates the necessary airbag 

and restraint systems corresponding to the crash severity.   
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In the BMW vehicles, the three-point belt system is aligned with the crash statistics and report 

which is then sent to BMW crash data analyst for further improvement of the system (BMW 

Service literature, 2005)[3]. BMW have added the number of airbags in their vehicles 

progressively from its first introduction in model E23 (7 Series) in 1985. The current G20 (3-

Series) has 6 airbags that protect all occupants in the vehicle. 

 

Active Safety  

The advancement of technologies such as sensing and predictive algorithms have enabled the 

application of such technologies and devices to inform the driver and the vehicle to take evasive 

actions before an accident occurs. This gave rise to the active safety approach in cars. Active 

safety systems addressed in this study are anti-lock braking system, stability control and 

collision avoidance system. 

 

The automotive anti-lock braking system (ABS) is an additional safe equipment that guards 

against holding the dead braking system in the automobile tradition braking system (Tian Y, 

2013). The ABS system replaces all lock differentials in the BMW all-wheel-drive system (Don 

Mills, 2001)[11]. This system enables the stopping time and distance of the vehicle to be reduced 

dramatically. Due to this phenomenon of a reduction of braking time and distance, the levels 

of crashes have significantly reduced. The main idea in ABS is to control the active brake 

torque so that wheel lock-ups are prevented (Menhaj et al., 2014)[12]. 

 

Stability Control is an in-vehicle technology aimed at improving primary safety by assisting 

the driver in avoiding loss of control of the vehicle (Scully et al., 2007)[13]. This safety 

technology connects with the technologies associated with ABS, effectively incorporating the 

functions of both these systems (Scully et al, 2007)[13]. Currently electronic stability control 

(ESC) is widely used as a useful vehicle stability control system (Erke, 2008)[7]. Under critical 

emergent obstacle avoidance situation at high velocity, normal inexperienced drivers lacking 

awareness of the vehicle nonlinear characteristic and response lag usually tend to automatically 

steer too much and then worsen the situation (Zanten, 2000; Anton et al., 1998)[1]. 

 

The fundamental component of Collision Avoidance System utilises the principle of crash 

prediction. Most crash prediction systems are based on data continuously collected from 

vehicular radars or motion sensors (Chen Yi, 2019).[17] There are two types of automatic actions 

that a driver assistance system can accomplish to attain collision avoidance or injury severity 
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mitigation: an emergency braking or a collision avoidance manoeuvre (Ferrara A, 2006).[8] 

According to the US Highway Loss Data Institute, the collision avoidance system has reduced 

7% - 13% of fatalities and property damages. According to Highway Loss Data Institute, the 

levels of BMW crashes have overall been reduced due to the collision avoidance system.  

 

In 2017, there were 1226 road crash deaths across Australia (BITRE, 2018).[2] While the 

number of these crashes for which driver distraction may be a contributor is currently unknown, 

research suggests driver distraction is a significant road safety issue in Australia Distracted 

driving is a significant contributing factor of crashes and fatal accidents.  

 

Scientific Research Question:  

Has the implementation of advanced technologies in BMW cars assisted in reducing serious 

injuries or fatalities?  

 

Null Hypothesis:  

The implementation of advanced technologies in BMW cars do not reduce serious injuries or 

fatalities 

  

Methodology 

This research focused on the analysis of 5 different vehicle technologies and how these 

technologies or the consequent safety devices designed and developed from these technologies 

are deployed in BMW 3-Series vehicles over 36 years (1982 with model E30 to 2018 with 

model F30). These safety technologies were then categorised as either passive or active safety 

devices. The impact on safety from these technologies and safety devices were analysed 

through deep study on relevant peer reviewed literature. The focus on serious injuries as 

opposed to number of accidents or damages to vehicles was the core intent of this research.  

 

Both qualitative and quantitative approached were taken; the qualitative on peer reviewed 

journals detailing the design and the purpose of the safety devices as well as phone conference 

interviews with industry experts with focus on BMW automobiles. These interviews provided 

greater insights and enriched the data from the journals and secondary sources of information. 

The quantitative approach was taken to gather relevant data on injuries and serious injuries, 

starting with a large pool of countries and types of automobiles manufacturers, before 

funnelling the data to be precise on BMW 3 series over 36 years in the various jurisdiction of 
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Australia and New Zealand. Simple percentage calculation of serious injuries to total injuries 

and ANOVA single factor statistical test were applied to the quantitative data to attempt to 

answer the scientific research question. 

 

Results  

Table 1 shows the passive and active safety technologies deployed in various BMW 3-Series 

models from the manufacturing period of 1982 to 2018. It covers the level of application of 

these different technologies in the 5 models in the span of 36 years. 

 

   
Safety Technologies 

      Passive  Active 

 Images Model  Year Seatbelts Airbags 

Brake 

Systems  

Stability 

control  

Collision 

Avoidance 

System  

 

E30 

1982-

1991 Yes  No 

Disc 

Brakes No  No 

  E36 

1992-

1998 Yes  

Frontal 

only  ABS No  No 

  E46 

1999-

2006 Yes  

Frontal and 

side ABS No  No 

  E90-93 

2005-

2012 Yes  

Frontal and 

side ABS Yes No 

  F30 

2012-

2018 Yes  

Frontal, 

side, knee, 

pelvis  ABS Yes Yes  

Table 1: Passive and Active Safety Technologies in BMW 3 Series models (1982 -2018) 

 

  

Table 2 shows the injuries data in Australia and New Zealand with drivers operating a BMW 

3-Series vehicle. The data on injuries are for a period of 25 years from 1987 to 2012 from the 

different jurisdiction in Australia and New Zealand. 
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BMW 3-series Total injured drivers 

Seriously injured 

drivers 

% seriously injured/total 

injury 

E30 1982-1991 931 173 18.5 

E36 1992-1998 1490 240 16 

E46 1999-2006 778 134 17 

E90-

93 2005-2012 180 32 17.8 

F30 2012-2018 2 1 N/A 

Table 2: Data on injured drivers and seriously injured drivers in Australia and New Zealand 

Accident Research Centre, Monash University, 2014 

(NSW & VIC: 1987-2012, QLD, WA, NZ: 1991-2012, SA: 1995-2012) 

 

 

ANOVA: 

Single 

Factor  
     

Source of 

Variation SS df MS F 

P-

value F critical 

Between Groups 784560.1 3 261520 1.06197665 0.4322 4.75706266 

Within Groups 1477547 6 246258 
   

       
Total 2262107 9         

α= 0.05 

 

5.0 Discussion  

The results as above shows that there is no significant difference between the different safety 

technologies in the 4 periods and models of the BMW 3-series and the number of severely 

injured drivers to total injuries. All periods range between 16% to 18.5% of seriously injured 

drivers, showing no significant advantage to serious injuries in terms of percentage against all 

injuries from the newer technologies in the more recent models, especially in the advent of new 

active technologies such as stability control. Neither does it show any significant impact in 

severity of injuries from the additional air bags in the passive safety device. One of the 

limitations of the data above is the unavailability of the data on total number of BMW 3-series 
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cars sold and still operating on the roads by model. This information could influence the 

accident and injuries rate. The ANOVA- single factor test show that the P- value of 0.4322 is 

greater than the alpha value of 0.05. This means that the null hypothesis cannot be rejected. 

Since the F critical value of 4.75706266 is greater than F value of 1.06197665, this result 

indicate that there is no significance and as such the null hypothesis cannot be rejected. 

 

Seat belts, however, it is the only safety device that is deployed in all the 4 models and periods 

in the BMW 3-Series in this research. The National Highway Traffic Safety Administration 

(NHTSA) United States study in 2018 shows the effectiveness of seat belts in saving lives in 

accident data from 1960 to 2012 in United States. From fourteen different safety technologies 

in the study, seat belts contributed to 54% of lives saved (329,715 lives over total 610,566 lives 

saved). The is data on car and LTV (light trucks and vans) occupants. 

 

Safety Technologies Car 

Occupant 

LTV 

Occupant 

Total Percentage 

Front disk brakes  10559 5001 15560 2.5% 

Conspicuity tapes for heavy 

trailers 

1524 1136 2660 0.4% 

Electronic stability control 2420 3604 6024 1.0% 

Instrument panel improvement & 

head impact protection 

24779 9698 34477 5.6% 

Energy absorbing steering 

assemblies 

57112 22877 79989 13.1% 

Improved door locks 25377 22877 42135 6.9% 

Seat belts  187442 142274 329715 54.0% 

Frontal air bags 27765 15091 42856 7.0% 

Adhesive windshield bonding 7268 2585 9853 1.6% 

Child safety seats 7257 2634 9891 1.6% 

Side impact protection & 

curtain/side air bags 

28971 3317 32288 5.3% 

Roof crush resistance 4913 0 4913 0.8% 

Curtains that deploy in rollovers 8 171 179 0.03% 
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Fuel system integrity – rear 

impact upgrade 

14 13 27 0.004% 

TOTAL 385409 225158 610566  

Table 3: NHSTA data from 1960- 2012 on lives saved per safety technology (Jan 2015 study) 

 

Despite the clear advantage of seat belts on savings lives as per the NHSTA study above, the 

data on serious injuries in Australia and New Zealand (1987-2012) from this research on BMW 

3-Series model does not provide a clear evidence that any of the technologies provide 

significant difference to preventing serious injuries. This research did not consider the total 

vehicles or models sold or operating during the different periods since considering this data 

would affect the total injuries. This research is focused on serious injuries as opposed to 

accidents or injuries to the effect of the specific safety technologies under review. 

 

The newer technologies such as the collision avoidance system and stability control are still 

relatively new and adequate data is not available to fully understand the impact of such 

technologies to serious injuries. This is a limitation of this research; the new active safety 

technologies are evolving fast with the introduction of artificial intelligence and sensing 

technologies that could provide significant improvement to safety and reduction of serious 

injuries in the future. A next step to further this research would be a dedicated study on active 

safety devices with focus on accidents that are mitigated and prevented as compared to driver 

error related accidents. This can be extremely useful to further the self-drive car technology 

and making self-drive car a reality is larger scale. 

 

A second limitation to this research is that the BMW injuries data presented is limited to 

Australia and New Zealand; and as such limited to the driving behaviours of Australia and New 

Zealand. Driving behaviours such as speeding remains a significant contributing factor in 

accidents, injuries and serious injuries, it contributes to 25% of Australia’s fatal crashes (Fleiter 

JJ, 2009).[9] With the higher enforcement and penalties in Australia, drivers have a lower 

tolerance for speeding as compared to the higher tolerance in China as an example (Fleiter JJ, 

2009).[9] The lower enforcement and penalties consequently results in higher speeds and 

probability of more severe accidents and serious injuries. As a next step, it would be valuable 

to make comparisons of serious injuries between countries for BMW models to assess if the 
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higher severe accidents would provide greater insights to the mitigating contribution by the 

different passive and active technologies 

 

Conclusion 

Car manufacturers continually use technology to improve the performance of their car models 

to attract customers. Performance, features and advantages in making a positive driving 

experience are the objectives of all car manufacturers. On top of a long list of design features, 

safety has always been the most critical design feature of most car manufacturers. BMW like 

its peers continue to upgrade their car’s safety features and continue to embed advanced 

technologies to improve the safety requirements. The perceived impact of each of these 

advanced technologies, especially the newer active safety devices such as collision avoidance 

system and various sensing remains to be proven to reduce serious injuries. Time and greater 

data as well as experience will provide further insights and inform car manufacturers on the 

significant impact, if any of these newer technologies to safety and prevention of serious 

injuries. Further research by scholars on this topic is critical to advise and guide these car 

manufacturers as they continue to evolve the design and development to improve the safety 

performance of their products. 

 

This scientific research question to investigate if the implementation of advanced technologies 

on BMW cars have had an impact to reduce serious injuries or fatalities discussed the impact 

of both the passive and active safety approaches. This research findings showed that there were 

indeed no significant differences between the technologies in reducing serious injuries. The 

ANOVA single factor test show that the null hypothesis cannot be rejected. From the data on 

BMW cars over the four periods of different models and different advancement in passive and 

active safety devices, only the seat belt implementation is consistent with all four periods, and 

further data from NHTSA on lives saved between 1960 and 2012 show seat belts contributed 

to 54% of total lives saved, a significant percentage from one passive device.  
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