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[bookmark: _Toc513733922]Introduction:
This report will analyse trends and correlations within the data provided from road traffic accidents across the UK. There were 136,621 recorded road traffic accidents over the course of 2016 and although the UK is considered to have the safest roads in the world, it is a considerable amount of collisions and should be improved. I will be highlighting key points of improvement to reduce the amount of accidents for the next year and supporting my findings with statistical tests and charts. For most of my tests I will be using the entire UK dataset, however, for some more accurate testing I will be using sample data from the reports to the Cumbrian Police force.
[bookmark: _Toc513733923]Key Questions:
The key questions I would like to investigate will make it easy to highlight strategies to reduce the amount of accidents. Each key question will have a Null hypothesis which may be accepted or rejected by a human judgement from a graph or by statistical test.
· Does the number of accidents occur evenly over the year?
· Does the number of accidents depend on the season?
· Do the accidents occur evenly over the course of the day?
· Does the road type affect the number of accidents of the course of the year?
· Which day of the week is the most dangerous to drive on?
· How severe is each road type?
· Which area of the UK is the most dangerous?


[bookmark: _Toc513733924]Does the number of accidents occur evenly over the course of the year?
My null hypothesis (H0) for this question is that the accidents do occur evenly over the course of the year, the alternative hypothesis (H1) is that the accidents are randomly distributed of the course of the year. To satisfy my hypotheses I have chosen to use a Chi-Square Goodness of Fit test with accident data provided from the Cumbrian Police force, the Degrees of Freedom has been taken by c-1 with c being the number of categories.
	Category 
	      Observed
	                   Expected
	 
	Chi-Square Score

	Jan
	105
	106.75
	
	0.029

	Feb
	101
	106.75
	
	0.31

	Mar
	109
	106.75
	
	0.047

	Apr
	97
	106.75
	
	0.891

	May
	102
	106.75
	
	0.211

	Jun
	114
	106.75
	
	0.492

	Jul
	115
	106.75
	
	0.638

	Aug
	112
	106.75
	
	0.258

	Sep
	112
	106.75
	
	0.258

	Oct
	89
	106.75
	
	2.951

	Nov
	124
	106.75
	
	2.787

	Dec
	101
	106.75
	
	0.31

	Total 
	1281
	1281
	
	 

	 
	
	
	
	 

	Degrees of Freedom (D.F)
	11
	
	
	 

	 
	
	
	
	 

	Chi-Square
	9.182669789
	
	
	 

	alpha
	0.05
	
	
	 

	p-value
	0.605035409
	 
	
	 



Given that the p-value > 0.05, the result is insignificant, and we can accept the null hypothesis. The accidents are not at all tied to specific months and are distributed uniformly over the year.
[bookmark: _Toc513733925]Does the number of accidents by adverse weather conditions depend on the season?
My null hypothesis (H0) for this question is that the accidents that are caused by adverse weather conditions is independent of the season (yearly quarter). The alternative hypothesis (H1) is that they do correlate and that the number of accidents caused by adverse weather conditions is dependent on the season. I have chosen to use the Chi-Square test for independence to determine the answer to this question, the D.F (Degrees of Freedom) has been calculated by (c-1)(r-1) with c being the number of columns and r being the number of rows.


	 
	 
	No Wind
	 
	 
	Windy
	 
	 

	Month/Weather
	Fine
	Raining 
	Snowing
	Fine
	Raining
	Snowing
	Total

	Jan
	8000
	2125
	135
	264
	337
	27
	10888

	Feb
	8269
	1156
	53
	310
	310
	13
	10111

	Mar
	8903
	1021
	66
	121
	188
	12
	10311

	Apr
	8897
	1141
	35
	71
	36
	11
	10191

	May
	10085
	992
	1
	44
	38
	-
	11160

	Jun
	9043
	1548
	1
	33
	37
	-
	10662

	Jul
	10644
	691
	2
	36
	11
	-
	11384

	Aug
	10079
	914
	-
	67
	50
	-
	11110

	Sep
	9924
	1139
	1
	68
	56
	-
	11188

	Oct
	10203
	833
	-
	55
	29
	-
	11120

	Nov
	9461
	1925
	42
	102
	205
	7
	11742

	Dec
	8733
	1007
	10
	91
	89
	9
	9939

	Total
	112241
	14492
	346
	1262
	1386
	79
	129806

	 
	
	
	
	
	
	
	 

	Weather/Quarter
	Jan - Mar
	Apr - Jun
	Jul - Sep
	Oct - Nov
	Total
	 
	 

	Clear Observed
	29728
	31743
	33394
	32214
	127079
	
	 

	Windy Observed
	1582
	270
	288
	587
	2727
	
	 

	 
	
	
	
	
	
	
	 

	Total
	31310
	32013
	33682
	32801
	129806
	 
	 

	 
	
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	 

	Clear Expected
	30652.231
	31340.462
	32974.399
	32111.908
	 
	 
	 

	Windy Expected
	657.76906
	672.53787
	707.60068
	689.09239
	
	
	 

	 
	
	
	
	
	
	
	 

	Clear Chi-Score
	27.867559
	5.170209
	5.3394371
	0.3245792
	
	
	 

	Windy Chi-Score
	1298.6364
	240.93325
	248.81934
	15.125485
	 
	 
	 

	 
	
	
	
	
	
	
	 

	D.F
	3
	
	
	
	
	
	 

	 
	
	
	
	
	
	
	 

	Chi Square
	1842.2163
	
	
	
	
	
	 

	alpha
	0.05
	
	
	
	
	
	 

	p value
	< 0.00001
	 
	 
	 
	 
	 
	 



Given that the p-value is greatly below the alpha, the test is significant, and therefore reject the H0 and accept the H1. The number of accidents that occur due to windy weather conditions is dependent on the season of the year.
[bookmark: _Toc513733926]Do the accidents occur evenly over the course of the day?
My null hypothesis for this question is that the accidents are evenly distributed over the course of the day. The alternative hypothesis is that there are specific periods of increased accident activity. I have chosen to use the Chi-Square Goodness of Fit test to determine my result. The Degrees of Freedom has been determined by c-1 with c being the number of categories.

	Time
	Number of Accidents
	
	
	

	00:00:00
	19
	
	
	

	01:00:00
	15
	
	
	

	02:00:00
	10
	
	
	

	03:00:00
	13
	
	
	

	04:00:00
	16
	
	
	

	05:00:00
	11
	
	
	

	06:00:00
	29
	
	
	

	07:00:00
	44
	
	
	

	08:00:00
	85
	
	
	

	09:00:00
	59
	
	
	

	10:00:00
	63
	
	
	

	11:00:00
	66
	
	
	

	12:00:00
	91
	
	
	

	13:00:00
	61
	
	
	

	14:00:00
	92
	
	
	

	15:00:00
	86
	
	
	

	16:00:00
	120
	
	
	

	17:00:00
	119
	
	
	

	18:00:00
	89
	
	
	

	19:00:00
	61
	
	
	

	20:00:00
	45
	
	
	

	21:00:00
	29
	
	
	

	22:00:00
	38
	
	
	

	23:00:00
	20
	
	
	

	Total
	1281
	
	
	

	Category 
	Observed
	Expected
	 
	 

	6am-12pm
	84
	320.25
	
	174.28279

	12pm - 6pm
	346
	320.25
	
	2.0704528

	6pm - 12am
	569
	320.25
	
	193.21331

	12am - 6am
	282
	320.25
	
	4.5685012

	Total
	1281
	
	
	 

	 
	
	
	
	 

	D.F
	3
	
	
	 

	 
	
	
	
	 

	Chi-Square
	374.1350507
	
	
	 

	alpha
	0.05
	
	
	

	p-value
	< 0.00001
	 
	 
	 



Given that the p-value is greatly below the alpha, the test is significant, and therefore reject the null hypothesis and accept the alternate hypothesis. The number of accidents is larger in certain periods of the day. 


[bookmark: _Toc513733927]Which day of the week is the most dangerous to drive on?
Most people have a working week of Monday to Friday. People drive to and from work and school during the working week, this would lead me to hypothesize that the highest number of accidents would be during the weekdays. My graph supports this hypothesis highlighting that the weekend shows the least amount of road traffic accidents. The most dangerous day to drive is Friday. My assumption for this is that with people excited to get home for the weekend more people break the speed limit and thus cause accidents. Due to the day of the week being an arbitrary value only human error seems to play a big part in this altering of this statistic. A strategy to combat this would be to drop speed limits by a reasonable amount during rush hour periods on a Friday, e.g. 30mph to 20mph.
[bookmark: _Toc513733928]How severe is each road type?
	 
	Fatal
	Serious
	Slight
	Total
	 
	Fatal
	Serious
	Slight

	Motorway
	81
	632
	4294
	5007
	
	1.62%
	12.62%
	85.76%

	A(M)
	6
	50
	342
	398
	
	1.51%
	12.56%
	85.93%

	A
	980
	9469
	51006
	61455
	
	1.59%
	15.41%
	83.00%

	B
	201
	2992
	13434
	16627
	
	1.21%
	17.99%
	80.80%

	C
	112
	1497
	7763
	9372
	
	1.20%
	15.97%
	82.83%

	Unclassified
	315
	7085
	36362
	43762
	 
	0.72%
	16.19%
	83.09%


The severity on each road type can be measured by the percentage of each severity out of the total number of accidents. It is my estimation that the Motorways will have the most fatal accidents due to the increased speed and number of cars on the road.

Motorway do have the highest likelihood of fatal accidents; B roads have the highest likelihood of serious accidents and A(M) roads have the highest likelihood of slight accidents. It is important to note that the second highest total amount of data has an unclassified road type, with the percentage chance of each severity being so close this unclassified data could alter the outcome significantly and so this information is less statistically accurate. This could be resolved by the police force recording the incident being more specific with their paperwork.


[bookmark: _Toc513733929]Which area of the UK is the most dangerous?
With London Metropolitan (1) having the largest police force covering the largest number of roads entering and exiting the area, it naturally has the largest number of accidents. If we mark that as an anomaly a more impactful visualisation occurs. 
The next unsafe areas are the West Midlands (20) and Kent (46), this graph details the number of motorways (1) and A roads (3) in each area. This shows that areas that are more congested with A roads have more accidents, Kent (46) showing a high total accident count but low motorway accident count proves this. The West Midlands shows the highest motorway accident count which could suggest a correlation with the large amounts of motorways within the midlands of the UK.


[bookmark: _Toc513733930]Does the road type affect the number of accidents over the course of the year?
I will be using the t-test to compare the average number of accidents observed during the first half of the year (6 months) with the second half of the year (6 months). The control variable for this test will be the type of road, firstly motorways and then A roads. The chosen alpha for this test is 0.05.
	Month
	Motorway
	A Road

	Jan
	452
	5121

	Feb
	405
	4809

	Mar
	400
	4842

	Apr
	375
	4851

	May
	382
	5237

	Jun
	403
	5001

	Jul
	412
	5313

	Aug
	479
	5273

	Sep
	416
	5133

	Oct
	418
	5252

	Nov
	464
	5647

	Dec
	401
	4976

	Total
	5007
	61455


My null hypothesis is that the time of year does not affect the mean number of accidents on the motorway (The true mean difference = 0). The alternate hypothesis is that the time of year does affect the mean number of accidents on the motorway (For a two tailed test the true mean difference != 0).
	 
	Variable 1
	Variable 2

	Mean
	402.8333333
	431.6666667

	Variance
	727.7666667
	1009.066667

	Observations
	6
	6

	Pearson Correlation
	-0.261002853
	

	Hypothesized Mean Difference
	0
	

	df
	5
	

	t Stat
	-1.511219645
	

	P(T<=t) one-tail
	0.095564493
	

	t Critical one-tail
	2.015048373
	

	P(T<=t) two-tail
	0.191128985
	

	t Critical two-tail
	2.570581836
	 


The p-value for the two-tail test is above the chosen alpha of 0.05 and so we accept the null hypothesis and thus the mean number of accidents on motorways is not affected by the time of year. As we have rejected the null hypothesis we can use a normalization function to plot a normal distribution graph to see how many deviations the results fall into.



The majority of the results fall within the 68% boundary of 1 s.d and all of the results fall within the boundary of 2 s.d.

For A roads, my null hypothesis is that the time of year does not affect the mean number of accidents on A roads. The alternate hypothesis is that he time of year does affect the mean number of accidents on A roads.
	 
	Variable 1
	Variable 2

	Mean
	4976.833333
	5265.666667

	Variance
	30247.36667
	49880.66667

	Observations
	6
	6

	Pearson Correlation
	0.604543616
	

	Hypothesized Mean Difference
	0
	

	df
	5
	

	t Stat
	-3.884999901
	

	P(T<=t) one-tail
	0.005791626
	

	t Critical one-tail
	2.015048373
	

	P(T<=t) two-tail
	0.011583252
	

	t Critical two-tail
	2.570581836
	 


The p-value for the two-tail test is below the chosen alpha of 0.05 and so we reject the null hypothesis and so the mean number of accidents on A roads is affected by the time of year.
The results of these findings show that smaller A roads are more adversely affected by climate change over the year and so seasonal rules could be put in place on A roads to prevent accidents during the more accident prone second half of the year.

[bookmark: _Toc513733931]Conclusion
[bookmark: _GoBack]In conclusion, despite searching for environmental correlations with the road traffic accidents that occur within the UK, the majority of cases are attributed to human error. Seasonal speed limit changes could be made to roads to decrease the number of crashes and increased sanctions could be introduced during these periods also to encourage people to be more aware of the weather and surface conditions. Fridays at 8am +/- 1 hour and 5pm +/- 1 hour were the most likely time to see an accident and so additional regulations could be made to reduce speed limits in highly populated areas during these rush hour periods. 
A reoccurring difficulty within the data was the number of unclassified fields, this leads to disproportionate and incomplete data reducing it’s validity.
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Normal Distribution of Accidents on Motorways over a year 
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Number of accidents by day of the week

Monday	Tuesday	Wednesday	Thursday	Friday	Saturday	Sunday	19276	20104	20871	20949	22579	17818	15024	


Number of Accidents by Police Force
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