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[bookmark: _Toc63269317]Introduction
This piece of work is a literature review for the upcoming paper that is going to be looking the issue surrounding headlight glare and the difficulties headlight glare pose while driving during night time hours and low light conditions. 
Several papers and articles related to the topic in some way have been read and reviewed taking into account their relevance, age and how well the paper or study was carried out. The outcome is that while several papers and articles have been read and reviewed as mentioned, there is a lot of relevant information, however it can be dated or the cross section of participants in any study was small. Meaning more relevant research is required.

[bookmark: _Hlk63266526][bookmark: _Toc63269318]Are Car Headlights Too Bright? Dazzled Drivers Say It’s Getting Worse
On the 11th of June 2019 the RAC published an article titled Are Car Headlights Too Bright? Dazzled Drivers Say It’s Getting Worse. Which outlined the results of a survey they ran of one thousand two hundred and fifteen people. This article has some very interesting and useful information. Including the details of the results, how drivers feel they are being dazzled by oncoming headlights and that the feeling is that this has increased in recent years. The RAC is a national organisation specialising in the motor industry so this information can be trusted. There are some very useful suggestions on how to potentially combat glare and being dazzled by it. 
Where this information is let down is that the article has no individual author which for some people means that it is less reliable as a source. It also impacts referencing. There is a significant lack of any peer reviewed or expert analysis, including the reasons why glare can cause problems. Without this insight, the results of this survey could be seen as very subjective, in that the respondents were asked their opinion on what causes the glare and how it effects them. This can be very useful in assessing the difficulties that drivers face and their perceived causes, however it needs to be looked at as a guide only because the causes haven’t been corroborated by people who know about, or are experts in this area.
Something that this article touches on, that is going to be very relevant to this study is that the regulations and legislation surrounding headlights should be considered extremely dated. The standards that headlights have to adhere to have not been updated since the 1960’s and the legislation as a whole has not been modified since the 1980’s
Overall because of the unreliability of the respondents knowledge in the area and the lack of an official author, this article should only be referred to in conjunction with other, more formal pieces to aid in forming a research area.
[bookmark: _Toc63269319]Road Traffic Casualties: Understanding The Night-Time Death Toll
In 2006 S Plainis, J murray and I G Pallikaris released a paper titled Road Traffic Casualties: Understanding The Night-Time Death Toll. This paper uses official government or recognised, specialist organisations to gather relevant information. This information is then used to analyse the number of road traffic accidents over set periods of time, predominantly over the course of a year, throughout Europe,  but primarily focusing on the United Kingdom and Greece. This information is then used to compare the number of accidents during daylight hours and night-time hours. Certain causes are looked into such as if anyone involved in the accident were under the influence of alcohol and if this was a factor in the accident and if there was a correlation between alcohol related accidents and night-time accidents.
This paper is an excellent source of information relating to the disproportion of night time related accidents and potential causes. The information is accurate and from reliable, official sources. Included in the paper is relevant and good information on the physiological importance of good lighting conditions for road safety. It also includes information on the effect of road and street lighting on night time related accidents. 
The main problems with this paper are that, being from 2006 the information can not really be considered as current. As the number of vehicles on the road has likely increased in the time since it was published, meaning the that the number of accidents should also have increased, but we have no way of knowing if the increase in accidents corresponds with the increase of cars on the road. Being from 2006 this paper also, in some cases can predate the increase in use of the newer style Light emitting Diode and Xenon headlights meaning that, for the purpose of this dissertation the information can only be used to highlight the general issue and how the accidents at night have always been disproportionate to the accidents during daylight hours.
Taking all of the above into account, this paper is a very useful resource, especially when being used in conjunction with other more recent resources it can help form an accurate trend or pattern with night time accident rates and potential causes. 

[bookmark: _Toc63269320]Nighttime Glare and Driving Performance: Research Findings
In 2008 the U.S. Department of Transport’s National Highway Traffic Safety Administration published a research paper titled Nighttime Glare and Driving Performance: Research Findings. As the title suggests, research was undertaken on the affects of night time glare, predominantly from oncoming headlights. This paper is a brilliant source of information since it is directly relating to the area of study that this dissertation is focussing on. With it being a government lead research paper it is fair to say that the research should have been carried out in the correct manor, it should be trustworthy and accurate, at time of publish. While looking into the affects of glare of drivers it became apparent that there were several factors to take into account and also be researched. These additional areas of research include the affects of glare on all drivers on two lane carriageways, then more specifically the affects of glare on drivers in the over fifty years of age category, the relationship between the affects and the accident risk factor, how this risk factor then affects driver behaviours and if they modify their driving during night time hours. The study covers  some other key areas of interest and is laid out in a way to be able to find this information quickly and easily. 
The main drawback to this study is the age of it, again as per previous papers looked at. While this could be looked at a marker for how long this potential issue has been looked into, the information held in the study can also be considered dated and possibly not accurate by today’s standards. 
So while this study has good, relevant information and sources it should be  looked to as a guide only to inform what things can be looked into and researched going forward to get up to date data.


[bookmark: _Toc63269321]Effect of Sleep Deprivation and Driving Duration on the Useful Visual Field in Younger and Older Subjects During Simulator Driving
On 23rd February 2003 Roge et al published a research paper looking into the effects of sleep deprivation on the subject’s ability to drive. The paper was titled Effect of Sleep Deprivation and Driving Duration on the Useful Visual Field in Younger and Older Subjects During Simulator Driving. While not directly linked to the area of study this dissertation is looking at, there is still some useful information concerning how sleep deprivation can play a part in night-time related road traffic accidents. There is also useful information on how low light conditions have an effect on peripheral vision, this will be useful when tied to other research done in this area and how glare can effect peripheral vision as well. 
Since this paper is quite specific in its area of research and this is not directly related to headlight glare and general difficulties with night driving a lot of the information in the paper is irrelevant. Again, the age of the research paper is an issue, dating from 2003 this, again means that the data included may not be as accurate as hoped. 
[bookmark: _Toc63269322]Nighttime Driving in Older Adults: Effects of Glare and Association with Mesopic Visual Function
Another research paper that has some relevance is the 2017, Janessa A Kimlin et al paper titled Nighttime Driving in Older Adults: Effects of Glare and Association with Mesopic Visual Function. In this paper a group of 26 older drivers, in an age range between 65.5 years and 78.5 were tested in controlled conditions for various vision functions during day light hours and the same tests performed during night time hours. The tests measured visual acuity in the photopic, the type of vision used in good lighting conditions, acuity in mesopic vision, the type of vision used in low light conditions and under glare-based conditions. The tests conclusively showed a marked difference in the driver’s ability to see pedestrians and movement when under low light conditions and using the mesopic vision range, after being affected by simulated oncoming glare conditions.
This paper has some very useful information relating to how the eye reacts under certain circumstances and their abilities under low light conditions, it specifically studies the effect of glare and being published in 2017 the paper is recent, current and relevant. 
What lets this paper down is that it only focuses on older drivers. Taking other research into account it is reasonable to say that this result has a connection to their age and that in younger drivers the result may not be as conclusive.  
[bookmark: _Toc63269323]The Relation Between Glare and Driving Performance
[bookmark: _Hlk63267512][bookmark: _Hlk63263413]In 2002 a study by Jan Theeuwes, J. W. A. M. Alferdinck and Michael Perel and titled The Relation Between Glare and Driving Performance investigated of discomfort caused by glare on driving behaviour. A cross section of participants were selected from both the United States and over Europe ensuring a wide age range. The participants were to drive a vehicle that had been adapted with a source of low level glare attached to the bonnet of the vehicle, monitoring equipment and sensors fitted. The route that was selected for them to drive included urban, rural and motorway type roads at night in actual traffic. The results showed that even under low conditions there was a significant drop in the driver’s ability to detect pedestrians on the road side and on dark, winding roads made the drivers slow their driving significantly. The older drivers in the group were found to be most likely to slow down and to slow the most during low light conditions. It was also the older drivers in the group who were most susceptible to a lack of pedestrian detection during low light conditions. 
This paper is an excellent source of information. The study was carried out under scientific conditions with conclusive results in all categories. The source information is well researched and relevant. The diversity of the participants is the best yet with a wide range of nationalities and ages. However, the major positive factor for this paper is that the paper and investigations are directly relevant in that they have tested specifically how the effects of glare change drivers abilities and behaviours. 
The major problem with this paper is, again its age, dating from 2002 it is another source that could be considered out of date. The control was only made up of twenty-four people, for a better understanding of the results the investigations should have used a larger group.
[bookmark: _Toc63269324]The Accuracy of Drivers' Judgments of the Effects of Headlight Glare on Their Own Visual Acuity
In 2014 Ashley A Stafford Sewall, Stephanie A Whetsel Borzendowski, Richard A Tyrrell performed a study that resulted in the paper titled The Accuracy of Drivers' Judgments of the Effects of Headlight Glare on Their Own Visual Acuity. In the study twenty-eight drivers, eleven older and seventeen younger drivers had their visual performance tested under glare conditions. The results of these tests were then compared to the drivers own impression of their abilities and performance. The tests show that there was a significant drop in visual acuity across all test subjects while under the effects of oncoming headlight glare. The test format was to have a white Landolt C positioned next to oncoming headlights to replicate glare; the driver was then asked to approach it until they were able to see it clearly enough to accurately describe its orientation. Before being tested they were asked to estimate when they would be able to describe the C orientation. The results of this test showed that the younger drivers were generally much more accurate in their estimation of their abilities. With their estimate being much closer to their actual ability, while the older drivers almost universally overestimated their own abilities and visual acuity. 
This is a good source of information the tests are carried out in a good scientific manor. It directly relates to the issue of headlight glare and has useful information on how drivers view their own abilities and visual acuity in low light and with oncoming glare conditions. It is relatively recent, being less than ten years old the information can be considered current. The only thing that lets this study down is that, while the tests have been done in a controlled manor, only twenty-eight subjects were tested. For more accurate and reliable results the control group should have been bigger. 
[bookmark: _Toc63269325]What Glare Is and How It Can Hurt Your Vision
In 2018 the Versant Health website posted an article titled What Glare Is and How It Can Hurt Your Vision. This article explains that there are four different types of glare, Distracting Glare, when a light sources changes medium e.g. from direct light (air) to surface light (reflection) Discomforting Glare which can occur in varying degrees of intensity is usually the result of everyday light, such as sunlight being to bright for the eye to deal with adequately. Disabling Glare, also known as Veiling Glare, is more intense than Discomforting Glare and caused by a high level of light that can interfere with or in some cases block vision all together. Then finally, Blinding Glare, exactly as its title suggests, it can be strong enough to block vision causing momentary blindness. Prolonged exposure could result in permanent damage. Blinding Glare is usually the result of light reflection from shiny surfaces like water and snow causing the light that enters the eye to be polarized. There are also some suggestions on how to deal with glare, like anti-reflective coatings for glasses lenses, for example. 
This is a good source of information on the types of glare and how they affect the eye and the ability to see. 
This article, while from a reliable organisation does not have an author so reliability could potentially be questioned. The information is in the article is accurate, relevant and has a good level of detail. It is unfortunate that the article does not categorize headlight glare. From the descriptions it is likely that headlight glare would fall into the Discomfort or Disabling Glare categories. 
[bookmark: _Toc63269326]Halos and Glare: Why Can’t I See to Drive
The 2020 WebMD article written by Whitney Seltman titled Halos and Glare: Why Can’t I See to Drive covers a lot of the same information as the Versant Health article but this comes with the scientific explanations and relates this to driving. It also expands on some medical conditions that can be more severely affected by glare, or that amplify the affects of the glare. 
This article is another good source of information on how the different types of glare affect the eye. There is an author, it is on a recognised reliable site and states that it has been fact checked. The information is directly relevant to headlight glare. It also goes into detail on how different medical conditionals can be affected by glare. However, this article goes into more of a scientific explanation. It also has suggestions on possible measures to help reduce the effects of glare. 


[bookmark: _Toc63269327]Conclusion
It is unfortunate that the most recent and, in terms of this piece of work, relevant information comes from the RAC article that cannot be considered extremely trustworthy due to the lack of official author and referenced sources, in particular access to the initial survey. That this seems to be the latest study carried out in this area poses a bit of a problem, one which will need to be overcome by further research, specifically into the issue of headlight glare. Having the knowledge of how glare can and does affect the eye from both the Versant Health and Whitney Seltman articles the research can be focused on road user’s information then interpreted through this knowledge. Another reason for further research to be carried is that a lot of the existing research is not current, aimed specifically at older drivers or does not use a large enough subject base. A perfect example of this is the Jan Theeuwus et al study, The Relation Between Glare and Driving Performance. This study has some excellent findings and the processes to get them are done in a good scientific manner, however the paper is from 2002 and only had twenty-four people in the control group. It is unfortunate then that some of these studies cannot be revisited with larger control groups and focusing more on a wider spread of participants ages and back grounds. Especially since, when looking at the 2014 Ashley A Stafford Sewall et al report states that the older drivers over estimated their abilities and visual acuity, this is in direct contrast to the 2002 Jan Theeuwus et al study, that showed the older drivers to be more aware that their visual acuity and driving abilities maybe hindered by low light conditions by slowing down more often and by more than the younger subjects.
It is clear that over the past twenty years the issue of glare while night-time driving has been considered a problem, a majority of the research into this area has been around older drivers. With limited research across all drivers, or that research being in the form of a survey that can be considered somewhat unreliable due to the way it has been presented. 
It is clear therefore that more research will need to be carried into the specific area of headlight glare and how it affects a much larger cross section of night time drivers in an attempt to get more up to date and accurate information for this paper. 
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