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Overview 

The goal of the analyses presented in this report is to better understand how crash 
characteristics and crash outcomes in Michigan are related to the socio-demographics of where 
they occur. Socio-demographic variables present in the American Community Survey (ACS), an 
annual survey conducted by the U.S. Census Bureau, were linked to crashes based on location. 
These variables were then examined in the context of crash-related variables. The associations 
between these two types of information are described and discussed in this report. 

Data Selection and Development 

Crash Data 

The crash data used in this analysis were from the State of Michigan police-crash reports 
provided to UMTRI by the Criminal Justice Information Center (CJIC) annually. Crash years 2016-
2019 were used for two reasons. First, 2016 was the first year of a new crash-data-collection 
form (the UD-10), so all variables and codes are consistent from 2016 forward. Second, the 
geographical divisions used by the Census Bureau (see next section) change every 10 years 
based on the decennial census, so it was more straightforward to use crash data years that 
matched census data years with consistent mapping. 

We selected variables from the crash dataset based on their known impacts on crashes, 
prevalence, or feasibly for intervention. The outcome of interest was whether the crash 
resulted in a fatality or severe injury. The final selection of crash factors is available in Table 1. 
All variables are at the crash level, but include driver behavior factors (e.g., alcohol-involved), 
vulnerable road users (e.g., pedestrian-involved), predictors of crash severity (e.g., crash type, 
speed limit), and environmental predictors (e.g., light condition). These are summarized in 
Table 1. 

Table 1 Crash Variables Used in Analysis 

Driver Behavior Vulnerable 
Road Users 

Severity 
Predictors 

Environmental 
Predictors 

Alcohol-involved Pedestrian-
involved 

Crash type Light condition 

Drug-involved Bicyclist-
involved 

Speed limit Weather 
condition 

Driving 
distracted 

Motorcyclist-
involved 

  

Speeding    
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American Community Survey (ACS) 

As noted in the overview, the socio-demographic variables were derived from data available in 
the ACS. The ACS is an annual survey sample to track demographic changes in the U.S. over 
shorter timeframes and in more detail than the decennial census.  

Geographical divisions used by the Census Bureau are illustrated in Figure 1. Larger divisions are 
political areas such as counties, townships, or cities. However, nested within these areas are 
Census-Bureau-specific entities known as census tracts. Census tracts are mutually exclusive 
and exhaustive divisions of the U.S. that are intended to contain about 3000-5000 residents. 
Census tracts are further divided into block groups and blocks but the ACS data for this project 
are not readily available at these smaller levels (due to privacy concerns).  

 
Figure 1 Illustration of census geographical divisions (from 
https://pitt.libguides.com/uscensus/understandinggeography) 

For each census tract, data are aggregated across all the surveyed residents of that tract. For 
example, variables include the number of residents of a census tract who self-identify as Black, 
the number of residents who report that they walk to work, or the median income of all 
households in the census tract. The ACS public files also further aggregate over five year moving 
windows, so the data file from 2015-2019 was used to be as close to the timeframe for the 
crash variables as possible (and remain within the 2010 census tracts). At the start of the 
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project, the 2020 census tracts and ACS had not yet been released, though it has been at the 
time of this writing.  

The first step of the analyses was to select relevant and appropriate variables to examine from 
the census and from crash facts. These variables were selected based on the research study 
team’s expertise and in consultation with members of Michigan’s Office of Highway Safety 
Planning. To select relevant and informative sociodemographic variables from the census data, 
we choose meaningful socio-demographic census variables based on their conceptual relevance 
to crashes.  

Because the of the large number of variables and their potential interrelatedness, we 
conducted a factor analysis to examine the proposed census variables for correlation (e.g., 
median income is often highly correlated with percent employment or educational attainment). 
Factor analysis essentially identifies groups of related variables, which are called “factors.” By 
looking at factor members, we could select a small subset of the related variables to use in the 
rest of the analysis. For example, one factor included (among other variables) percent of people 
with a computer, percent of people with internet access, percent of people employed and 
percent of people with health insurance. These variables are all highly correlated (r≥0.85), so it 
is not feasible to include them all in a single analysis. From these variables, we selected percent 
employment to include in the statistical modeling process as a representative of this cluster of 
correlated features (i.e., internet access, etc.).  See Table 2 for selected variables and other 
unselected variables that were closely related.  

Table 2 Variables Selected for Analysis and Related Variables from Factor Analysis Results 

Variable Set Related Variables 

Total population 
Total workers (16+ not working from 
home) 

Total population 16+ 

  Total population of households Total households 

  
Total population (civilian, not 
institutionalized) 

Total workers 16+ 

  Total population 18+ 
Total poverty status 
determined 

% Female % Speaks English well households % Male population 

  % With health insurance Gini index 

  % Employed % Commute 15-29 min 

  % With computer % Age <14 

  % Have light vehicle % Associate degree 

  % With internet % Some college, no degree 

% Age ≥65 % Any disability  % Age 75-84 

  % Age 65-74  % Age 85+ 

% Age ≤20 % Speaks English well households % Male population 
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  % With health insurance Gini index 

  % Employed % Commute 15-29 min 

  % With computer % Age <14 

  % Have light vehicle % Associate degree 

  % With internet % Some college, no degree 

% Any disability % Any disability  % Age 75-84 

  % Age 65-74  % Age 85+ 

Median household income % High school or equivalent degree Per capita income 

  % Any disability % Bachelor’s degree 

  % Asian % Professional degree 

  Median household income   

% Below poverty % White % Below poverty 

  % Bus commute % Black/African-American 

% Employed % Speaks English well households % Male population 

  % With health insurance Gini index 

  % Employed % Commute 15-29 min 

  % With Computer % Age <14 

  % Have light vehicle % Associate degree 

  % With internet % Some college, no degree 

% Black/African-American % White  % Below poverty 

  % Bus commute % Black/African-American 

% Asian % High school or equivalent degree Per capita income 

  % Any disability % Bachelor’s degree 

  % Asian % Professional degree 

  Median household income   

% American Indian/Alaska 
Native 

% Bicyclist commute   

  % American Indian/Alaska Native   

% Hawaiian Pacific Islander -   

% Other race % Less than 9th grade education   

  % Other race   

% Commute ≥60 minutes % Bus commute % Commute 90min+ 
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    % Commute 60-89min 

% Walking commute % Commute 5-14min % Age 18-20 

  % Some college, no degree % Walking commute 

  % Age 21-24   

% Bus commute % White % Bus commute % Commute 90min+ 

  % Below poverty % Commute 60-89min 

  % Black/African-American   

% Motorcycle commute -   

% Bicyclist commute % Bicyclist commute   

  % American Indian/Alaska Native   

% Worked from home -   

% Public transit commute 
(minus bus) 

% Work outside state   

  % Public transit commute (minus bus)   

 

Rural-Urban Census Tracts 

Crashes differ markedly between rural and urban areas because of the type of infrastructure 
present and traffic density. Moreover, socio-demographics are strongly correlated with how 
rural or urban an area is. Thus, these two types of locations needed to be considered separately 
in the descriptive analysis. Rural-urban was also accounted for in the regression models (further 
details in the Methods section). Rural-urban designations were assigned to crashes using the 
urban areas shapefiles available from the Census Bureau. These are not necessarily the same as 
census tracts, but the assignments of both rural-urban and demographic variables were linked 
to crashes themselves.  

Methods 

Descriptive Comparisons 

Once the census and crash variables were selected, we conducted descriptive analyses showing 
the relationships between socio-demographics and crash characteristics. We cross-tabulated 
each census variable by each crash factor to get counts in each scenario. For continuous 
variables like percent employed, we defined quintiles based on all census tracts in Michigan. 
For example, the 20% of Michigan census tracts with the lowest employment range from 66.7-
94.3% employment. The next 20% range from 94.3-96.3%, followed by tracts in the ranges 96.3-
97.3%, 97.3-98.2%, and 98.2-100%. Grouping crashes into demographic quintiles in this way 
enabled us to create tables and compare patterns more readily than just looking at means or 
other statistics. The final variables and their quintile ranges are detailed in Table 3. Note that 
for some variables more than 20% of census tracts have a value of 0%. This results in some of 
the lower quintiles being indistinguishable and thus fewer categories are used. For example, 
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over 80% of census tracts have 0% motorcycle commuters. Thus, there are only two categories: 
0% and >0% (the upper quintile). For these cases, we combined any quintiles that contained 
zeroes and used fewer categories in the descriptive analysis.  

Table 3 Quintile Boundaries (Upper Inclusive) for Demographic Variables Used in Analysis 

Variable Minimum Q1 Q2 Q3 Q4 Q5 

% Age ≥65 0.00 11.82 15.27 18.23 21.69 56.00 

% Age ≤20 0.00 20.71 23.76 26.39 29.76 94.96 

% Any disability 0.00 10.23 13.21 16.06 19.74 51.92 

Median income 7,859 37,193 49,583 60,553 77,685 215,417 

% Below poverty level 0.00 5.49 9.44 14.79 25.58 100.00 

% Employed 66.67 94.30 96.27 97.30 98.20 100.00 

% Black 0.00 0.48 1.89 6.94 26.96 100.00 

% Asian 0.00 0.00 0.35 1.10 3.42 100.00 

% American Indian/Alaska Native 0.00 0.00 0.00 0.24 0.72 38.10 

% Other race 0.00 0.00 0.10 0.47 1.28 53.99 

% Commute ≥60 minutes 0.00 2.70 4.55 6.63 9.85 100.00 

% Walking commute 0.00 0.00 0.76 1.58 3.20 59.11 

% Bus commute 0.00 0.00 0.00 0.57 2.54 100.00 

% Motorcycle commute 0.00 0.00 0.00 0.00 0.00 4.24 

 

Quintiles (see Table 3) were formed based on all census tracts in Michigan. As a result, the 
crashes in each table do not necessarily divide into groups of 20% each across the categories. 
To interpret the tables, we looked at the pattern of column percents (i.e., percent of each crash 
category within a demographic quintile) to see how patterns vary as a function of socio-
demographics. If column percents are similar across all quintiles, then there is no relationship 
between the demographic variable and the crash condition being considered. For each pair of 
demographic and crash variable, tables were created separately for rural and urban crashes 
because of the rural/urban issues described earlier. We also formally tested for statistical 
relationships using chi-square analyses.  

Modeling Injury and Crash Rates as a Function of Crash Characteristics and Demographics 

We performed two logistic regression analyses to describe how socio-demographic 
characteristics impact the odds of a crash resulting in a fatality and/or suspected serious injury 
(K or A in the KABCO system). We ran models for just Ks and then KAs inclusive. This helps us to 
understand how the census variables impact the probability of K/KA crashes when we hold 
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crashes factors constant. That is, for the same theoretical crash, we look at how different 
demographic factors result in different injury outcomes. Therefore, the models consisted of the 
dependent variable (K/KA or not) and the independent variables: crash factors of note, census 
variables from the factor analysis described above, and rural/urban status. Whereas the 
descriptive analyses used quintiles for comparison, these models used the continuous data 
(e.g., percent employment in census tract). We analyzed the model with all the variables at 
once, and then used backward stepwise selection, which removes one variable at a time until 
all variables in the model are contributing to prediction at a minimum level. We erred on the 
side of being more inclusive of census factors by used a less conservative cutoff of p <0.1. All 
analyses were run in SAS 9.4 using proc logistic with Type 3 analysis of effects.  

Results 

Descriptives 

Because the sample of crashes is so large, most chi-square comparisons of crash factors by 
census data quintiles were statistically significant. Therefore, we report notable results based 
on the clarity of patterns and informativeness of the relationships based on visual inspection. A 
summary of the key results is provided in Table 4 through Table 7. A “negative” relationship 
means that increases in the demographic variable (i.e., across quintiles) is associated with a 
decrease in the crash variable level. A “positive” relationship means that increases in the 
demographic variable are associated with increases in the crash variable value. U-shaped 
relationships mean that the highest and lowest quintiles have the lowest percentages of the 
crash variable value compared to middle quintiles, and inverse U-shaped relationships are the 
opposite. For these, the highest and lowest quintiles are associated with higher levels of the 
crash variable value.  

 

Table 4 Notable Descriptive Relationships Between Age and Disability and Crash Variables 

Age and Disability 

Census 
Variable 

Crash 
Variable 

Rural Pattern Urban Pattern 

% Age ≤20 Crash Type 

Negative with single-vehicle 
crashes  

Negative with rear-end 

Positive with angle, head-
on, rear-end and sideswipe 

Positive with angle, backing 
and head-on; 

  
Inverted U with single-
vehicle 

% Age ≤20 Pedestrian 
Positive with pedestrian 
present 

Positive with pedestrian 
present 

% Age ≤20 Motorcycle 
Negative with motorcycle 
present 

Positive with motorcycle 
present 

% Age ≤20 Speeding Positive with speed too fast No relationship 
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% Age ≤20 Fatal Positive with fatal crash=Yes Positive with fatal crash=Yes 

% Age ≥65 Crash Type 

Positive with backing, single-
vehicle crashes 

Negative with angle, 
backing, head-on, rear-end, 
single-vehicle crashes 

Inverted U with angle, head-
on, rear-end, and sideswipe 

  

% Age ≥65 Pedestrian 
Positive with pedestrian 
present 

Positive with pedestrian 
present 

% Age ≥65 Speeding Positive with speed too fast   

% Age ≥65 Fatal Positive with fatal crash=Yes Positive with fatal crash=Yes 

 

Table 5 Notable Descriptive Relationships Between Race and Crash Variables 

Race 

Census 
Variable 

Crash 
Variable 

Rural Pattern Urban Pattern 

% Black Crash Type 
Negative with single vehicle 
Positive with all other crash 
types 

Negative with single vehicle 
Positive with sideswipe 

% Black 
Pedestrian or 
bicyclist 

Inverted U with pedestrian 
Positive with bicyclist  

Strongly positive with 
pedestrian 
Weakly positive with 
bicyclist  

% Black Speeding Positive with speed too fast 
U-shaped with speed too 
fast 

% Black 
Alcohol or 
drugs 

No relationship 
Negative with alcohol, drugs 
and both 

% Black Fatal 
Inverted U with fatal 
crash=Yes 

U-shaped with fatal 
crash=Yes 

% Asian Crash Type 
Negative with single vehicle 
Positive with all others 

Negative with angle, head-
on 
Positive with rear end 
Inverted U with single-
vehicle (peak in Q2) 

% Asian 
Pedestrian or 
bicyclist 

No relationship with 
pedestrian 
Positive with bicyclist 

Negative with 
pedestrian/bicyclist  
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% Asian Speeding No relationship 
Decreasing with speed too 
fast 

% Asian Fatal No relationship 
Decreasing with Fatal Crash 
= Yes 

 

Table 6 Notable Descriptive Relationships Between Economics and Crash Variables 

Economics 

Census 
Variable 

Crash 
Variable 

Rural Pattern Urban Pattern 

Median Income  Crash Type 

Negative for single-vehicle 
(peak at Q2) 
Positive for all other crash 
types (minimum at Q2) 

Positive for single-vehicle 
Negative for all other crash 
types 

Median Income Pedestrian 
Negative with pedestrian 
present 

Negative with pedestrian 
present 

Median Income Bicyclist No relationship 
Negative with cyclist 
present 

Median Income Fatal No relationship 
Negative with fatal 
crash=Yes 

% Employed Pedestrian 
Weakly negative with 
pedestrian present 

Strongly negative with 
pedestrian present 

% Employed Fatal No relationship 
Negative with fatal crash = 
Yes 

 

Table 7 Notable Descriptive Relationships Between Commuting Patterns and Crash Variables 

Commuting 

Census Variable 
Crash 
Variable 

Rural Pattern Urban Pattern 

% Commute ≥60 
minutes 

Crash Type 
Positive with single-
vehicle and backing 
Negative with all others 

Positive with single 
vehicle 
Negative with angle  

% Commute ≥60 
minutes 

Pedestrian 
or bicyclist 

Positive with pedestrian 
present  

Negative with 
pedestrian/bicyclist 
present 

% Commute ≥60 
minutes 

Speeding 
Inverted U with speed too 
fast 

U-shaped with speed too 
fast 

% Commute ≥60 
minutes 

Fatal 
No relationship with 
fatal crash 

Positive with fatal crash 
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% Walking commute Pedestrian  
Flat except highest rate 
of pedestrian present in 
Q5  

U with highest 
pedestrian present in Q5 
and lowest in Q2 

% Walking commute Bicyclist No relationship Positive with bicyclist  

% Walking commute Speeding Negative with speeding Negative with speeding 

% Walking commute 
Alcohol or 
drugs 

Negative with alcohol No relationship 

% Walking commute Fatal 
Flat except lowest rate 
of fatal crash in Q5 

Flat except lowest rate 
of fatal crash in Q5 

 

Often the rural and urban crashes showed opposite relationships on the same census and crash 
factor. This aligns with their known inverses (e.g., population and traffic density) and is why we 
looked at them separately. The U and inverted-U relationships might have different 
contributing factors at the higher and lower ends of the quintile. Higher urban pedestrian-
involved crashes at the lowest quintile of % walking commuters may because the rarity of 
walkers makes drivers less wary while at the highest end, pedestrian prevalence may contribute 
to such crashes. 

Modeling Fatal and Severe Injury Outcomes 

Aggregated time commuting for work outside of the county accounted for most of the missing 
data (about 40%).  Removing that variable, we were left with 95% of the K observations and 
94% of the KA observations. (An additional 64,501 K observations and 72,094 KA observations 
were deleted due to other missing values.) Significant variables are described below. See Table 
8 for the other census variables that were considered but did not contribute to the models. 

 

Table 8 Census Variables Removed from K and KA Models 

K-Only Model KA Model 

Total population Total population 

Median household income - 

% Disabled % Disabled 

% Employed % Employed 

% Bus commute - 

% Public transporation commute 
(excluding bus) 

% Public transporation commute 
(excluding bus) 

% Motorcycle commute - 

% Bicycle commute % Bicycle commute 
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% Worked from home % Worked from home 

% Below poverty % Below poverty 

% American Indian/Alaska Native - 

% Hawaiian/Pacific Islander % Hawaiian/Pacific Islander 

% Other race - 

% Age ≥65 - 

 

K-Only Model 

A total of 3,257 fatalities (and 1,184,624 non-fatalities) were observed and included in the 
model. Rural status had the largest effect on probability of a fatal outcome. Odds of a fatality 
were 80% higher in rural tracts (odds ratio: 1.79; 95% confidence interval: 1.61, 2.00). In 
addition, key crash predictors are: crash type, alcohol/drug involvement, light condition, 
weather condition, speed limit, speeding, pedestrian-involved, motorcycle-involved, bicyclist-
involved and driver distracted.  

After adjusting for these crash variables, the significant socio-demographic variables included: 
% commuting by walking, % Black, % Asian, % ≤20 and % commute ≥60 minutes. Using our 
conservative inclusion criteria, total population was also included as a census variable in the K 
model (p=.067). This is akin to adding in population offset, further equalizing the sample of 
each tract. Details on the sociodemographic variables in the model are presented inTable 
9Table 9. The full K and KA models are in Appendix A. 

 

Table 9 Logistic Regression Analysis of Census Variables Predictors of a K crash 

Parameter Estimate OR 
OR Lower 

95% CI 
OR Upper 

95% CI 

Chi-
square 
statistic p-value 

% Walking 
commute -0.0182 0.982 0.972 0.992 11.8066 0.0006 
% Black   0.00881 1.009 1.007 1.011 103.9452 <.0001 
% Asian  -0.0108 0.989 0.981 0.997 6.8148 0.009 

% Age ≤20 0.00642 1.006 1.000 1.013 3.9602 0.0466 
% Commute ≥60 
minutes 0.0098 1.010 1.003 1.017 7.0844 0.0078 

 

After adjusting for crash variables, census variables that statistically significantly increased the 
probability of a fatal crash included percent commuting 60 minutes or more, percent 
Black/African-American, and percent aged under 21. Census variables associated with 
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decreased odds of a fatal crash are percent of walking commuters and percent Asian 
population.  

Interpreting the magnitude of these effects requires understanding the range of values of these 
variables (see Table 3). For example, the effect of % Black (Table 10) is a 0.9% increase in K 
outcome for every 1-unit increase in the percent of people who self-identify as Black in a census 
tract. From Table 3, the upper bound of the lowest quintile (i.e., the 20th percentile) is 0.48% 
Black and the upper bound of the fourth quintile (the 80th percentile) is 26.96% Black. The 
difference between these is 26.48%, resulting in a 23.8% increase in the probably of a K injury, 
holding everything else constant. Table 10 Magnitude of Effects of Demographic Variables in K 
Model compares the overall magnitude of the effects, accounting for the total variation in 
census tracts in Michigan. Percent Black and commute ≥60 minutes have the largest overall 
effects, given the level of variation in Michigan. 

Table 10 Magnitude of Effects of Demographic Variables in K Model 

Demographic Variable Incremental Effect Size 20th-80th Percentile Total 
Change 

% Walking commute 1.8% decrease -5.6% 

% Black   0.9% increase 26.8% 

% Asian  1.1% decrease -3.7% 

% Age ≤20 0.6% increase 5.6% 

% Commute ≥60 minutes 1.0% increase 10.3% 

KA Model 

There were 20,462 K or A events (and 1,159,826 non-KAs) included in this model. Again, rural 
status had the largest effect. The odds of a fatality or suspected serious injury were 60% higher 
in rural tracts (odds ratio: 1.59; 95% confidence interval: 1.52, 1.67). In addition, key crash 
predictors were: crash type, alcohol/drug involvement, light condition, weather condition, 
speed limit, speeding, pedestrian-involved, motorcycle-involved, bicyclist-involved and driver 
distracted.  

After adjusting for these crash variables, the significant socio-demographic variables included: 
four commuting variables (% commuting by bus, motorcycle, and walking, plus % with >60-min 
commute), four race variables (% Black, Asian, American Indian/Alaska Native, and other), two 
age variables (% ≤20 and %≥65), and one economic variable (median income). Using our 
conservative inclusion criteria, total population was also included as a census variable in the K 
model (p=.067). This is akin to adding in population offset, further equalizing the sample of 
each tract. Details on the sociodemographic variables in the model are presented in Table . The 
full K and KA models are in Appendix A. 
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Table 11 Logistic Regression Analysis of Census Variables Predictors of a KA crash 

Parameter Estimate OR 
OR Lower 

95% CI 
OR Upper 

95% CI 

Chi-
square 
statistic p-value 

% Bus commute 0.00775  1.008 1.002 1.013 8.3513 0.0039 

% Motorcycle 
commute  0.0655 1.068 1.01 1.129 5.3197 0.0211 
% Walking 
commute -0.00742 0.993 0.989 0.996 14.9037 0.0001 
Median income 
($10,000’s) -0.0237  0.977 0.969 0.984 35.8509 <.0001 
% Black   0.00433  1.004 1.004 1.005 106.9713 <.0001 

% American 
Indian 0.0108 1.011 1.003 1.019 6.5983 0.0102 
% Other race  0.00733 1.007 1.003 1.012 10.7097 0.0011 
% Asian  -0.0126  0.987 0.984 0.991 48.4165 <.0001 
% Age ≤20 0.00513  1.005 1.002 1.008 11.8455 0.0006 

% Age ≥65 0.00430  1.004 1.001 1.007 7.4877 0.0062 
% Commute ≥60 
minutes 0.00311  1.003 1.000 1.007 3.133 0.0767 

 

As we did with the fatality model, we interpret the magnitude of these effects by considering 
the range of values of these variables (see Table 3). For example, the effect of % Black (Table 
12) is a 0.4% increase in KA outcome for every 1-unit increase in the percent of people who self-
identify as Black in a census tract. Applying this to the range from the 20th percentile to the 80th 
percentile, the total change is shown in Table . The two largest effects of demographic variables 
on KA outcome are for % Black (10.6% greater chance of KA outcome at the 80th percentile 
census tract compared to the 20th percentile) and Median income (9.3% lower chance of KA 
outcome between the 20th and 80th percentile census tracts). 
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Table 12 Magnitude of Effects of Demographic Variables in KA Model 

Demographic Variable Incremental Effect Size 20th-80th Percentile 
Total Change 

% Bus commute 0.8% increase 2.0% 

% Motorcycle commute  6.8% increase 0.0% 

% Walking commute 0.7% decrease -2.2% 

Median Income ($10,000’s) 2.3% decrease -9.0% 

% Black   0.4% increase 11.1% 

% American Indian/Alaska Native 1.1% increase 0.7% 

% Other race  0.7% increase 0.9% 

% Asian  1.3% decrease -4.4% 

% Age ≤20 0.5% increase 4.6% 

% Age ≥65 0.4% increase 4.0% 

% Commute ≥60 minutes 0.3% increase 2.2% 

Summary and Conclusions  

In this project, we linked socio-demographic variables from the census to crashes via crash 
location. These variables indicate features of the people who live in the area where crashes 
occur. The goal of the project was to look at the relationship between socio-demographics and 
injury outcome in a crash. 

One of the initial challenges was to reduce the total number of highly correlated census 
variables to a manageable set. The resulting variables described aspects of key socio-
demographic categories, including economics, race, commuting behavior, age, and disability. 

Another fundamental challenge is the relationship between the rural or urban character of an 
area and, on the one hand, crash characteristics and outcomes, and on the other hand, socio-
demographics. Our initial explorations showed that the relationship between census variables 
and crash variables were often different in rural and urban areas. For example, median income, 
% commute >60 mins, % Asian, and % employment all show a relationship to fatal crash 
outcome (in the table), but only in urban areas. An important conclusion is that when tabling on 
demographic variables, one should always look separately at rural and urban locations. 

After running basic descriptive statistics (separated by rural/urban) related each demographic 
variable to each crash variable, we ran two regression models on injury outcome. The two 
outcomes were fatal crash (i.e., K) and KA crash (i.e., K or A as worst outcome vs. BCO). These 
models are important for understanding the role of demographics because they remove the 
effects of many correlated differences in crash conditions. The variable with the strongest 
relationship to injury outcome is rural/urban, further lending support for separating any 
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demographic analysis by that variable. In general, fatal outcomes and KA outcomes are much 
more likely for crashes in rural areas than urban areas, regardless of socio-demographics.  

Once rural/urban was accounted for, we also include key crash descriptors that also tend to be 
correlated with outcome severity. These include crash type, alcohol/drug involvement, 
pedestrian involvement, bicyclist involvement, motorcycle involvement, light condition, 
weather condition, speeding, distracted driver, and speed limit. After these were accounted for, 
demographic variables were examined. That is, the goal of the regression analysis is to hold 
crash characteristics (including rural/urban) constant and then look at the effect of 
demographics. 

Holding crash characteristics constant, we found that five variables significantly predicted 
fatality outcome. Greater % Black, % age ≤20, or % commute ≥60 minutes in a census tract all 
predicted increases in the risk of a fatality outcome given a crash. Increases in % Asian and % 
walking commuters predicted lower risk of fatality outcome. Of these, % Black had by far the 
largest overall impact (>23% greater chance of fatality for a given crash that occurs in the 80th 
percentile census tract compared to the 20th percentile (in % Black). The percent of people with 
a commute of 60 minutes or greater had the next largest effect with a 7.2% increase between 
the 20th percentile and 80th percentile census tracts. 

The KA model had many more significant demographic predictors, though the same five 
variables were present with the same direction of effect in the KA model. In addition to those 
five, increases in % bus commute, % motorcycle commute, % American Indian, % other race, or 
% age ≥65 all predicted increases in KA outcomes given a crash. Increases in median income 
predicted decreases in KA outcomes (in addition to % Asian and % walking commuters). For the 
KA models, the strongest demographic effect was again for % Black (10.6% increase from 20th 
percentile to 80th percentile census tracts), followed by median income (9.3% decrease), given 
the range of values in census tracts across Michigan.   

Limitations 

The results of this analysis identify associations but do not speak to causation. That is, the fact 
that census tracts with a high % Black in the population are associated with higher fatality risk 
given a crash does not mean that the high fatality rate is because the area has a high % Black 
population. However, the association suggests that there are characteristics of the traffic, the 
travel behavior, the roadway infrastructure, the education and enforcement programs, and 
possibly the health-care infrastructure that collectively lead to worse outcomes given a crash.  

Another limitation of the analysis is that while the descriptives allowed us to observe non-linear 
relationships, the models assume all relationships with demographic variables are linear. In 
most cases, this is likely to be sufficient, but for a few variables, the model may not fully 
capture the patterns. Similarly, we did not explore interactions with rural-urban areas, so in 
some cases, the model may not fully capture nuances of effects of demographic variables. 

One question that we did not answer is whether demographics are associated with the number 
of crashes (as opposed to severity) in a given area. This is quite challenging to model because 
we do not know travel exposure (e.g., miles driven, walked or biked) in each census tract. In the 
future it may be possible to estimate exposure and pursue this analysis.  
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Finally, any analysis is influenced by the absence of key variables that weren’t in the dataset. 
One key variable previously noted is exposure. We also do not have information about 
emergency response to individual crashes or roadway infrastructure (e.g., pedestrian crossings, 
protected left turns). Future analyses might link additional datasets (e.g., EMS or roadway data) 
to look deeper into possible mechanisms for the differences in injury outcomes based on 
demographics that were identified here. 
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Appendix A 

K Model 

Parameter  Estimate OR 
OR Lower 

95% CI 
OR Upper 

95% CI 
Chi-square 

statistic 
p-

value 

Intercept   -7.4047 - - - 4248.4028 <.0001 

Total population   -0.00002 1 1 1 3.3445 0.0674 

% Walking Commute   -0.0182 0.982 0.972 0.992 11.8066 0.0006 

% Black   0.00881 1.009 1.007 1.011 103.9452 <.0001 

% Asian   -0.0108 0.989 0.981 0.997 6.8148 0.009 

% Age ≤20   0.00642 1.006 1 1.013 3.9602 0.0466 
% Commute ≥60 
minutes   0.0098 1.01 1.003 1.017 7.0844 0.0078 

Crash type 
Single motor 

vehicle Ref - - - - - 

Crash type Angle 1.6645 5.283 4.711 5.924 811.3478 <.0001 

Crash type Backing -1.3559 0.258 0.064 1.044 3.6106 0.0574 

Crash type Head-on 2.4303 11.363 10.081 12.807 1584.3568 <.0001 

Crash type Other/unknown -0.0385 0.962 0.808 1.146 0.1863 0.666 

Crash type Rear-end 0.00732 1.007 0.877 1.158 0.0107 0.9178 

Crash type Sideswipe -0.3698 0.691 0.56 0.852 12.0146 0.0005 

Alcohol/Drug-
involved 

No 
alcohol/drugs Ref - - - - - 

Alcohol/Drug-
involved Alcohol only 1.9817 7.255 6.54 8.049 1398.6181 <.0001 
Alcohol/Drug-
involved Drugs only 3.6188 37.292 32.814 42.381 3074.3697 <.0001 
Alcohol/Drug-
involved Both 3.5687 35.471 30.957 40.643 2640.8264 <.0001 

Light condition Daylight Ref - - - - - 

Light condition Dark 0.2076 1.231 1.133 1.337 24.0354 <.0001 

Light condition Dawn -0.3049 0.737 0.569 0.955 5.3328 0.0209 

Light condition Dusk 0.053 1.054 0.846 1.313 0.2235 0.6364 

Light condition Other/unknown 0.564 1.758 0.876 3.527 2.5201 0.1124 

Weather condition Clear/cloudy Ref - - - - - 

Weather condition Fog/smoke 0.1079 1.114 0.773 1.605 0.3353 0.5625 

Weather condition Other/unknown -0.3422 0.71 0.394 1.28 1.2976 0.2547 

Weather condition Rain -0.1703 0.843 0.737 0.965 6.1 0.0135 

Weather condition Snow/hail/sleet -0.7395 0.477 0.406 0.562 79.5888 <.0001 
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Weather condition Windy 0.1015 1.107 0.536 2.286 0.0752 0.7838 

Speed limit 5-15 mph -2.9338 0.053 0.013 0.219 16.5053 <.0001 

Speed limit 20-25 mph -1.6609 0.19 0.16 0.226 350.3922 <.0001 

Speed limit 30-35 mph -0.9451 0.389 0.339 0.446 182.1832 <.0001 

Speed limit 40-45 mph -0.7483 0.473 0.42 0.533 152.8067 <.0001 

Speed limit 50-55 mph Ref - - - - - 

Speed limit 60-65 mph 0.2581 1.294 0.909 1.842 2.0537 0.1518 

Speed limit 70-75 mph 0.1627 1.177 1.034 1.339 6.0923 0.0136 

Pedestrian-involved Yes 4.3949 81.036 70.542 93.09 3858.1132 <.0001 

Bicyclist-invovled Yes 3.2835 26.67 20.738 34.299 654.4308 <.0001 

Motorcycle-involved Yes 2.6229 13.775 12.235 15.509 1880.3276 <.0001 

Speeding Yes 1.0813 2.948 2.665 3.262 439.7534 <.0001 

Driving distracted Yes 0.1745 1.191 1.024 1.385 5.1202 0.0236 

Rural/Urban Rural 0.5839 1.793 1.611 1.995 114.4216 <.0001 
 

KA Model 

Parameter  Estimate OR 
OR Lower 

95% CI 
OR Upper 

95% CI 
Chi-square 

statistic 
p-

value 

Intercept   -4.9665       5114.9643 <.0001 

% Bus commute   0.00775 1.008 1.002 1.013 8.3513 0.0039 

% Motorcycle 
commute   0.0655 1.068 1.01 1.129 5.3197 0.0211 

% Walking commute   -0.00742 0.993 0.989 0.996 14.9037 0.0001 
Median income 
($10,000’s)   -0.0237 0.977 0.969 0.984 35.8509 <.0001 

% Black   0.00433 1.004 1.004 1.005 106.9713 <.0001 
% American 
Indian/Alaska Native   0.0108 1.011 1.003 1.019 6.5983 0.0102 

% Other race   0.00733 1.007 1.003 1.012 10.7097 0.0011 

% Asian   -0.0126 0.987 0.984 0.991 48.4165 <.0001 

% Age ≤20   0.00513 1.005 1.002 1.008 11.8455 0.0006 

% Age ≥65   0.0043 1.004 1.001 1.007 7.4877 0.0062 
% Commute ≥60 
minutes   0.00311 1.003 1 1.007 3.133 0.0767 

Crash type 
Single motor 

vehicle Ref - - - - - 

Crash type Angle 1.3313 3.786 3.611 3.97 3035.965 <.0001 
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Crash type Backing -2.0221 0.132 0.077 0.229 52.6045 <.0001 

Crash type Head-on 2.0289 7.606 7.199 8.035 5243.5662 <.0001 

Crash type Other/unknown 0.5218 1.685 1.578 1.799 244.7571 <.0001 

Crash type Rear-end -0.0295 0.971 0.921 1.023 1.2153 0.2703 

Crash type Sideswipe -0.2986 0.742 0.69 0.798 64.662 <.0001 
Alcohol/drug-
involved 

No 
alcohol/drugs Ref - - - - - 

Alcohol/drug-
involved Alcohol only 1.9146 6.784 6.47 7.114 6241.3537 <.0001 
Alcohol/drug-
involved Both 2.8818 17.847 16.379 19.446 4330.7276 <.0001 
Alcohol/drug-
involved Drugs only 2.827 16.894 15.592 18.305 4769.4974 <.0001 

Light condition Daylight Ref - - - - - 

Light condition Dark -0.0883 0.915 0.884 0.948 24.73 <.0001 

Light condition Dawn -0.4635 0.629 0.57 0.695 83.6564 <.0001 

Light condition Dusk -0.1645 0.848 0.773 0.931 11.9693 0.0005 

Light condition Other/unknown -0.714 0.49 0.32 0.75 10.7572 0.001 

Weather condition Cleary/cloudy Ref - - - - - 

Weather condition Fog/smoke 0.2508 1.285 1.104 1.496 10.4523 0.0012 

Weather condition Other/unknown -0.654 0.52 0.389 0.696 19.394 <.0001 

Weather condition Rain -0.1385 0.871 0.824 0.92 24.5297 <.0001 

Weather condition Snow/hail/sleet -0.555 0.574 0.539 0.611 303.1908 <.0001 

Weather condition Windy -0.3545 0.702 0.489 1.007 3.6866 0.0549 

Speed limit 5-15 mph -1.2506 0.286 0.209 0.391 61.4995 <.0001 

Speed limit 20-25 mph -1.0834 0.338 0.318 0.36 1160.4491 <.0001 

Speed limit 30-35 mph -0.6794 0.507 0.48 0.536 588.1656 <.0001 

Speed limit 40-45 mph -0.5278 0.59 0.562 0.619 469.8515 <.0001 

Speed limit 50-55 mph Ref - - - - - 

Speed limit 60-65 mph 0.0605 1.062 0.914 1.234 0.6246 0.4294 

Speed limit 70-75 mph 0.062 1.064 1.009 1.122 5.2061 0.0225 

Pedestrian-involved Yes 3.8152 45.384 42.283 48.713 11161.7151 <.0001 

Bicyclist-involved Yes 3.0301 20.7 18.741 22.863 3569.3642 <.0001 

Motorcycle-involved Yes 3.1467 23.259 22.074 24.508 13896.4979 <.0001 

Speeding Yes 0.8029 2.232 2.135 2.334 1251.5066 <.0001 

Driving distracted Yes 0.4969 1.644 1.553 1.739 296.0526 <.0001 

Rural/urban Rural 0.4663 1.594 1.524 1.668 408.562 <.0001 
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