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Incorporating 
Human Factors 

Presenter
Presentation Notes
I am here today to share some ongoing work that Sean Coyle has been doing and that we have started to incorporate into a new training course for Road Safety Assessments.The discussion today is based on application of concepts from NCHRP 600, Human Factors Guidelines for Road Systems, Second Edition.  http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_600Second.pdfThe first RSA in Illinois was in 2005, and RSAs were adopted as a preferred tool with Safety 1-06.  (November 2006)



Definition of Human Factors

IT’S US

Drivers Ability and Limitations to (1)Detect, 
(2)Recognize, (3)Decide, (4)Initiate and 
(5)Maneuver within the Roadway Environment.

Presenter
Presentation Notes
Open with “most dangerous part on any car”, or “We have met the enemy and it is us!”Driving requires that we are constantly (1) detecting what is ahead, (2) recognizing what it is, (3) deciding what to do to and (4) initiating and completing the (5) maneuver. We also have limitations on our abilities to perform these actions.  There is a time delay.  With speed the delay is put to length.  The MUTCD, BDE and AASTHO  Guidelines base many design criteria on human factors and time and distance thresholds.We are visual drivers for most of what we take in.  Give the driver the best chance to see ahead.What are the big three behaviors often cited?  Drinking, Speeding, Aggressive driving.  The latest addition to behavior is the electronic distracted driving phenomena.  Cant leave home without it. Every year a new class of 16 year olds receiving driver permits and every year we get another year older.  Even on a daily basis driving how tired, alert we are changes. (with half of the audience asleep during this presentation, what a hazard you could be)NCHRP 600 addresses in a detailed and consistent way a variety of human factors applications in road design.  Such as sight distance, gap acceptance, speed choice, driver alertness, …



Human Factors
Driver Expectations

• Even before Detection we pre-decide how we    
are going to drive. 

• Speed is decided by the perceived risk of the 
roadway and surroundings.

• Distraction undercuts perception, reaction, 
and maneuvering.

Presenter
Presentation Notes
Before we even encounter an event we already are impacted by the potential results based on pre decisions as to speed and our expectations.Sean’s example is his son driving home on rural roads at night.  The rural roads have steep foreslopes, trees at the bottom and a lot of deer and critters at night. Pre-decide(THINK) what you are going to do if a deer jumps out.  Don’t swerve, drive straight and brake.   A radiator can be replaced, not you.   



Human Factors
DETECT

• How we drive, 90% visual, looking for roadway guidance
• How we see

 Our Peripheral vision is 1/10 of acuity beyond 20 degree sight 
line.  Peripheral vision picks up movement.

 Turning to look is filled with blind gaps (Saccade masking) Our 
brains fill the gaps as continuous.  The greater the head turn the 
more chance to jump over seeing an approaching vehicle.

 Our perception of approaching vehicle’s change in size is related 
to the tangent function (from zero to a vertical asymptote over 
90 degrees) not linear.

 Our night time vison diminishes with age.

Presenter
Presentation Notes
Beyond 20 degrees from our sight line (SL) our acuity to see detail is greatly diminished.  How may this be significant if we miss guidance or warning signs, signal heads, or approaching vehicles from a side road.  There is a CMF for putting a signal head in each lane that has a crash reduction by 25%.  There may be something to our ability to see.When we turn our head and eyes to see it is like a motion picture made by individual frames with gaps.  The gaps are called saccades.  A simple experiment is the next time you look in the mirror look at your left eye, then your right eye. The motion of looking eye to eye is a blind spot.  Our vision jumps from left to right eye.  The brain blocks out the blurred image as the eye moves and replaces it with a clear static image.   The eyes move, but we cannot see it.   The same is true when we turn our heads and scan a sector of roadway.  This becomes more problematic when the turn is past the door column. Will get back to the saccade at the end of the presentation.Minor stops onto high speed  mainlines deal with speed perception change.  A vehicle 1000 ft away appears to be closing in size change slowly, but changes suddenly at 250 ft away.  This maybe why crossing expressways can be difficult for the driver even with adequate sight distance.  Countermeasures designed to have the vehicle yield in the median, to take that second look at approaching vehicles appears to help. I , being over 50 can attest that this is true.  As we age more time is required to adjust from light to dark, there is more sensitivity to glare, reduced contrast sensitivity, reduced depth perception and the need for more light to see.   There is an ongoing increase in the age of the driving population in general and we need to be aware of those needs. 



Human Factors
RECOGNIZE

• Universal symbols easily recognized
• Design consistency

 Manual on Uniform Traffic Control Devices 
(MUTCD)

 Bureau of Design and Environment Manual
 Highway Standards for Traffic Control
 Local Roads and Streets Manual
 Highway Standards Manual 

Presenter
Presentation Notes
Beyond perception there is a need to recognize and assess an object, a sign message, roadway markings, feedback from rumbles, and other stimuli.Making the road predictable and consistent is a good start in aiding this process.  As much as possible, roads should be self-explaining with geometrics, roadside, access points, and other key features readily visible and consistent with the functional class of the road and its design speed.



Human Factors
RECOGNIZE and DECIDE in time

Presenter
Presentation Notes
Driver overload with signals traffic control, multiple sign guidance's, vehicles signaling and finding the correct commercial access in a short distance. This was taken from a RSA site with a rear end crash problem. Complexity of the road environment makes it more difficult to recognize guidance for the driver.What do they say about a good sports manager?   Put the player in a position to succeed!



Human Factors
INITIATE the maneuver

NCHRP Report 600
Human Factors 
Guidelines for 
Road Systems

Presenter
Presentation Notes
Table 4-2 is the time it takes to sample the environment.  There is additional time after sampling to determine and initiate a maneuver. The combination of time to detect, recognize, decide and initiate action in response to the roadway environment is the perception and reaction time.



Human Factors 
MANEUVER

Presenter
Presentation Notes
From the BDE Manual is table 36-j . An example of calculated maneuver distance.  Distance to adequately decelerate for various speed conditions for maneuvering into turning lanes at intersections.  The table assumes the other conditions of visibility to detect and recognize the turn lanes ahead are adequate.Most tables in the MUTCD and BDE Manual are speed to distance based.  How long does it take to perform a maneuver adequately at a known speed.Some decision sight distances do take in the complexity of their surroundings.  Greater distances are given for suburban and urban environments and lane changes .  Recognition is given the more complex the environment the more time is required to safely make an avoidance maneuver.  BDE 31-3.02  



Human 
Factors 
BDE Manual  
Avoidance 

MANEUVER

Presenter
Presentation Notes
Maybe there’s a bull in the road.  How much distance do you need to steer around him?Most tables in the MUTCD and BDE Manual are speed to distance based.  How long does it take to perform a maneuver adequately at a known speed.Some decision sight distances do take in the complexity of their surroundings.  Greater distances are given for suburban and urban environments and lane changes .  Recognition is given the more complex the environment the more time is required to safely make an avoidance maneuver.  BDE 31-3.02  is an example of human factors being applied to the BDE Manual. 



Road Environment 
Factors (34%)

Vehicle Factors (12%)

Human
Factors
(93%)

57%27%3%

TYPICAL REPORTED CRASH CAUSES

3%1%

6%2%
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Presenter
Presentation Notes
As this exhibit shows it’s mostly us.  93% human factors with interaction of the roadway 34% and vehicles at 12%.  As engineers we give most of our attention to the Road Environment where we believe we have most control in design standards, vehicle operations and capacity.  But as the exhibit shows it’s the overlap in interactions where we have the most influence and potential to make safety contributions if we recognize it.  These shown in the graph are contributing factors to crashes.  And we can look for opportunities to positively impact the roadway environment.  One example is rumble strips.   Road Environment Factors would not count lack of rumble strips (at least at the time we started to use them) as a contributing factor, but adding them is a countermeasure for both Roadway Environment (say rain at night), and Human Factors (fatigue, or distraction).



There’s a LOT Going on Here!

Presenter
Presentation Notes
Click to next slide…



There’s a LOT Going on Here!

DETECTION 1A

DETECTION 1B

INITIATION 1 
MANEUVER 1

ONGOING DETECTION/DECISION

DECISION 2B

MANEUVER 2

DETECTION 2A

INITIATION 2

DECISION 1ARECOGNITION 1A

RECOGNITION 1B DECISION 1B

DECISION 1RECOGNITION 1

RECOGNITION 2A

DETECTION 2B RECOGNITION 2B

DETECTION 2C RECOGNITION 2C DECISION 2C

DECISION 2A

ONGOING DETECTION/DECISION/MANEUVER 2

Presenter
Presentation Notes
From Page 10-4 of NCHRP 600.  Topic is gap acceptance.To make a turn from a minor road stop with a sidewalk, there are two main maneuvers to consider, but these involve five (!) DETECTION/RECOGNITION/DECISION CYCLES.  Two for the maneuver to pull into the crosswalk and three for the turn itself.Additionally, detection/recognition/decision continues into the turning maneuver.A break down in any of these chains can lead to a crash – rear end, pedestrian or bicyclist, turning, angle or others.This type of analysis allows consideration of which chain is most likely related to a specific crash type, and helps to interpret the data and especially the police narrative and sketch.



Human Factors in the RSA Process



Basic RSA Concepts
1. What is a Road Safety Assessment?

2. Where does Human Factors fit into RSA Process?

3. Why should we consider Human Factors in the 
Countermeasure proposal?
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Presenter
Presentation Notes
Many highway and safety professionals in Illinois have already experienced the RSA process, so this will just be a refresher.



Definition of RSA

A road safety assessment is a formal and independent safety 
performance review of a road transportation project by an 

experienced team of safety specialists, addressing the safety 
of all road users.
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Presenter
Presentation Notes
A RSA is a formal analysis process to address safety needs.  This formal process is just used to frame the Highway Safety Manual steps from Chapters 5 through 9.Chapters 5 through 9 of the Highway Safety Manual cover Diagnosis, Countermeasure Selection, Economic Appraisal, and Project Prioritization.  The RSA team’s main task is to provide the diagnosis and countermeasure selection appropriate for the RSA data and site.  The project owner follows up with the economic evaluation and project prioritization.



An RSA is also…

• A pro-active tool that attempts to minimize collision risks 
before collisions occur

• A “second look” at a design from a safety perspective
• Comprehensive approach of addressing safety early in the 

project development stage
• May be required by policy on HSIP Projects >$1 million
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Presenter
Presentation Notes
Crash data, crash reports, and site visits will uncover important crash risks.  The site visit will often reveal potential risks for crashes, especially for those that may be severe but have not shown up in the (recent, 5 year) record.RSA teams look at safety.  Of course there are many other factors to be considered, but to give safety proper consideration risks must first be identified and evaluated.



RSA Objectives

• Proactively minimize the frequency and severity of 
collisions

• Explicitly consider the safety of all road users
• Explicitly consider pro-active inclusion of mitigation 

measures for observed contributing factors
• Explore interactions beyond project limits
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Presenter
Presentation Notes
Observed contributing factors (on site) are often Human factors observed by RSA Team.  We have been doing this on past RSA’s.  In this presentation we are highlighting Human Factors in more detail and with a new tool.



RSA Challenge

• Provide the best factual information and 
insight on factors contributing to crashes from 
the interaction of road users with the roadway 
environment and vehicles

• Identify and match selected safety 
countermeasures with factors contributing to 
causation of driver error, problems and 
crashes 
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Presenter
Presentation Notes
What it comes down to is taking the what, where, when of crashes and the site and diagnosing why the crashes happened.  Knowing why a crash happened makes countermeasure(s) much more evident, including which of the 4Es need to be applied.  (Engineering, Enforcement, Education, Emergency Response.)



Role of the Road Environment

• Relatively few road/driver-related safety issues are commonly 
identified in the collision reports 

• Road Designs need to anticipate and accommodate driver’s 
ability to detect, understand and react to the road 
environment. 

• Easier to design & build safer roads than to modify some 
entrenched driver behaviors

• Road-related safety issues can be existing, or may be 
introduced by the proposed work.

19

Presenter
Presentation Notes
Collision reports are very good at identifying the What, Where and When questions.  What type of crash, Where the Crash occurred and When the crash happened, but it often takes the field investigation observation of How the drivers are operating at the site to get to the why errors are made in understanding if the driver may be potentially making errors during the 5 actions in human factors.   Example of entrenched behavior maybe speeding.  Traffic calming designs may offer solutions to speeding easier than changing the driver behavior.  The road design causes the vehicle to slow down.  Examples: coordinated signal timing, roundabout, speed humps, access control, road diets, roadside “furniture”.  



Factors that may Contribute to Crashes

20

Presenter
Presentation Notes
At the RSA site is list of factors we look for.   Note that this is not a checklist.  The factors are generalized and not quantified.  This is a prompts list to cover at least the common topics under which specific contributing factors fall.



What is the Typical RSA Process?

 

Step 1:
Start Up
Meeting

Step 5:
Findings
Meeting

Step 6:
Response
Report

Step 3:
Audit
Analysis

Step 4:
Audit
Report

Step 2:
Site
Visit

Responsibilities:
     Audit Team
     Design Team
     Project Owner
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Presenter
Presentation Notes
The above flow chart is the 6 steps in a typical RSA Process.  You may have seen this flowchart before in other RSA courses or RSA’s you’ve been involved with.Incorporating Human factors into the RSA process doesn’t require another step.  This chart lists what is done.  It does not list how.  Human Factors is already in steps two and three.  We just haven't called it out before during the process.



RSA/RSR 
(     Prior to & Opening Meeting) to (      Field Investigation) to (     RSA Analysis)

.
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Crash 
Data for 
RSA Site

Identify Crash 
Patterns 

Classify Crashes 
by 
Characteristics

Identify 
Crash 
Patterns

Opening
Meeting
Discussion

Identify 
Environmental 
Factors

Identify Vehicle, 
Traffic Operating 
Factors

Identify Human 
Factors 

Crash  
Causality?Stop Crash 

Causality

Identify 
Crash Risk

A
No Yes

Presenter
Presentation Notes
Now we’ve looked at what an RSA is.  How do we apply Human Factors?  Well, we already do, but we can make it clearer and more direct.This slide, and the next provide a structured way to think about joining crash patterns to effective countermeasures.  This is the hardest part of the safety management process.  Other steps such as network screening, safety performance feedback, project prioritization can at least be mathematically modeled.  This step requires linking causative factors to crash patterns, then assigning countermeasures that affect the factors.  There might be a need for an automated or AI way to do this, but I’m not aware of it yet.This flow chart explicitly incorporates Human Factors in the RSA process.  RSA’s begin the investigative process even before the opening meeting to best utilize time and be prepared to ask questions of the background of the site with the client.   Patterns of crashes, and educated guesses of contributing factors may be identified  before hand but the final list of contributing factors must be verified or modified in the field.  The other major change to the flow chart is crash causality.  Can the RSA team determine what factors are influencing the roadway user to make errors causing severe injuries.  Linking causality with the countermeasure is key to effectiveness of good solutions  in the study.This flow chart represents a sorting out of the various factors looked at during data analysis.  You may wonder why we would go through all this to end up with a finding of no crash causality.  An example would be identification of factors related to fixed object crashes.  On a recent RSA data analysis it was found that almost all fixed object crashes happened during daylight and with dry pavement.  These factors don’t “cause” the crashes and we  wouldn’t try to “correct” them.  They might point us to other factors, such as speed, or lane changing vehicle conflicts.



RSA/RSR 
(       RSA Analysis) to (      RSA Presentation) to (      Findings Meeting)    

.
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Identification of 
Countermeasures
to crash causality 

Counter-
measures 
with No 
CMF’s

A

Operational In-
house fixes   low 
cost

Education  
Enforcement

Counter-
measures 
with CMF’s

Evaluate Candidate 
Countermeasures

Select 
Countermeasure 
Low, Medium, High 
Cost

RSA 
Presentation

Findings Mtg.  
Discussion  
Question/Answer

Formal 
RSA  
Report

COUNTERMEASURE STAGE

Presenter
Presentation Notes
Without an analysis as described here, it is possible to have great nominal B/C in a countermeasure that total misses the causality of crashes.  This is why identifying the contributing factors with the countermeasures is key to good RSA’S, good Safety project submittals, and good safety design.  With the step of Causality, there are usually fewer suggested countermeasures for the project owner to consider, but the selected countermeasures are focused to the site’s particular needs.  



Conducting RSA Field Diagnostic
• Identify driver information needs and/or 

limitations that could lead to error or 
problems with the roadway environment 
and other vehicles

• Describe these issues “Why is it a 
problem?”

• Describe potential interactions across 
issues

• Identity key information and design 
solutions to best address the issues 
described

24

Presenter
Presentation Notes
The important thing to attempt to observe is the interaction of all three elements, the Road User, the Road Environment and the Vehicle and Vehicle operations.  This is where it is critical to use the what, where and when data to be present to observe operations linked to crash patterns.   For example, this is often during one of the peak hour events or late evening.  Being on site at those times will help you experience the site as a user to determine if there are operational deficiencies and sight distance concerns when traffic is heaviest or later in the  evening when visibility is the issue.  



Field Investigation, Safety Risk and Diagnostic 

Observed Safety Risk
Roadway Diagnostic Human Factors Environmental

Factors
Vehicle Factors

Roadway User 
information needs 
or limitations

Why an issue?

Potential 
Interactions
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Presenter
Presentation Notes
This matrix of the three major contributing factors has been developed for analysis of crash data and site reviews and to use in RSA presentations at the conclusion of the RSA with the client.  Entries to the matrix must be based on facts, not speculation.Each factor is asked three questions to help direct the field investigators to causation.  The factors can be considered from the before, during, or after crash timeframes, as needed.Think about each question with respect to each crash pattern or other specific concern.     What are the Roadway Users needs or limitations?  When driving the site is there anything, especially related to observed crash patterns, that correlates to the data analysis (office review) and takes you by surprise or may miss?  A hidden curve, guidance signs lost in the clutter?  Is there a common factor among drivers at the site, especially those involved in crashes (impairment, age, commuter vs long distance driver, etc.)     Why is this an issue?  The driver lacks time to detect, recognize, decide, initiate, and maneuver at proper speed.  Driver’s expectations?  Driver attitudes?       Potential Interactions?  Crashes occur due lack of proper guidance and recovery room.  ROR crashes may occur and severity based on speed and environmental factors. 	



Examples with Human Factors and 
Causation 

Presenter
Presentation Notes
Lets take a virtual drive through a few examples. 



27

Presenter
Presentation Notes
This intersection has been the site of severe angle and right turn crashes involving a vehicle heading left to right in the picture.  Physical layout of the intersection has a stop sign with supplemental cross traffic does not stop.  Highway Lighting is present at the right turn lane. Geometrics, pavement marking, island design and turning radius are all adequate by all nominal guidelines. 
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Presenter
Presentation Notes
Roadway User information needs: There appears to be adequate stop sign location, signing of route and where to stop.   Is it safe to cross?  Look right is clear, look left the vehicle is in the right turn lane. Safe to cross or turn ?
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Presenter
Presentation Notes
Hidden through vehicle appears with inadequate time to for a vehicle starting into the intersection from the stop condition to complete the maneuver.If we look only at the roadway environment everything appears  fine.  If we look at the roadway environment with the drivers needs and vehicle interaction we can properly  diagnosis and assess a logical countermeasure. (This particular countermeasure shows promise, but has not been rigorously proven.)Further evaluation of traffic counts find a heavy right turn volume, including large trucks, creating a sight distance issue for potentially hidden through vehicles. 



Hidden Through Vehicle 

Roadway 
Diagnostic

Human 
Factors

Environmental
Factors

Vehicle Factors

Roadway User 
information
needs or 
limitations

See and react 
to 
approaching 
vehicles 

Minor Stop 
Control          
High Speed 
Intersection

Right turning 
vehicles block 
sight triangle

Why an issue? Inadequate
reaction time

Visual Site 
Distance 
dynamically 
reduced

Both through 
and turning
Vehicles   can’t 
see each other

Potential 
Interactions

Angle and
R.E. Crashes

High Speed 
collisions

Presence of 
large trucks in 
crashes 30

Presenter
Presentation Notes
Countermeasures for Angle crashes at minor stop control can be a flashing beacon on top of the stop sign.  Does this match the diagnostic?   Open up the dynamic sight lines between both the stopped and through vehicles.   A  low cost solution is offset the right turn lane with pavement marking from a 12 to a 10 ft. lane. Moving the turning vehicle further from the through lane.   The stop bar may be moved up to 8 ft from the intersection to see in front of the turning vehicle.Higher cost is to widen the right turn lane and  separate the lane with a painted out offset shoulder.  This would allow for adequate sight lines for the minor leg stop for both the crossing and turning movements. 



Presenter
Presentation Notes
5 year’s data before showed 5 turning and angle crashes (all coded as turning).  These included 1A and 1K crash.  After five year’s data show three turning and angle crashes all PDO.  Also, the before of various other crash types were 2, but after we have 10 other types.  In the before there were only PDO of the other types.  In the after there were 8 PDO and 2 B-Injury.The safety effectiveness of this countermeasure has not been thoroughly evaluated and documented.  (cmfclearinghouse.org)
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Presenter
Presentation Notes
As part of the field visit to the site is to become a virtual driver and try to experience the road environment as the driver does.  The roadway is a low volume, high speed rural  with visual guidance of roadway, poles side equipment that there is a sag ahead and a straight road.   At this site there are also a pair of advance warning signs for this curve with 35 mph speed plaques.Also, the tangent road appearing ahead is a route that significant traffic takes to a nearby town.Driver Pre-Event has determined the road environment and selected speed accordingly. 
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Presenter
Presentation Notes
Driver expectation is possibly  wrong and then the following must be undertaken:  Detecting  a change, (2) Recognizing the curve on the main route (or oncoming traffic around the curve if they want to go straight), (3) Deciding how to react, (4) Initiating  the maneuver (time to move from gas to brake) (5) and Executing the maneuver to turn.  Time and proper judgement is compressed where mistakes can be made at too high a speed (roll over, fixed object) or maneuver into the opposing lane(head on).   The 5 steps are the human factors we all perform when driving. Note:  Checking back to 2004 through 2016,  just one crash related to this issue is found in GIS.  The crash happened in June 2015.  There were no injuries.  Everyone in both vehicles was properly restrained.



Hidden Mainline Curve

Roadway 
Diagnostic

Human 
Factors

Environmental
Factors

Vehicle Factors

Roadway User 
information
needs or 
limitations

Detect, 
recognize and 
react to 
change in 
alignment

Very sharp 
curve, little 
super-
elevation

Vehicle
performance 
on curves and 
braking

Why an issue? Inadequate
reaction time 
to maneuver

High speed 
into a low
design speed 
curve

Pick-Ups and 
SUV’s have 
high center of 
gravity

Potential 
Interactions

Head On and 
Fixed Object 
crash

High Speed 
crashes

Rollover 

34

Presenter
Presentation Notes
 An event is put upon the driver that involves the interaction of human factors limitations, the roadway environment and the vehicle itself.The rural curve hidden by the sag in the roadway compresses the time the driver has to recognize,  decide and react to the environment.    The tight curve cannot be taken at high speed and the driver must react in braking and turning not to over turn his vehicle while if possible stay in his own lane. The type of vehicle makes a difference in this situation.  The possibility the vehicle maybe a PU is higher in rural environments.  PU have a higher center of gravity and more prone to a roll over crash.   If  drivers human factor limitations is beyond a driver range of abilities in this environment and vehicle a severe crash will occur.   An additional factor is if another vehicle is coming from the right for a potential head on crash.  What can be done for each of the above contributing factors?
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Presenter
Presentation Notes
The type of vehicle will not change, but the roadway guidance can be improved to change the drivers perception of the roadway environment  and forewarn the speed needed to maneuver within a driver’s normal abilities.   The countermeasures of signing and chevrons addresses the Human Factors of earlier detection, recognition, decision , initiation and maneuvering.  The Roadway environment of the sharp curve has not been changed.  Another possible  countermeasure would be to realign the curve and minor side road to address this but at a much higher cost.   And will the Drivers perception be greatly improved with the reconstruction?Using the diagnostic matrix allows the RSA to match Contributing Factors causations with the proper, effective countermeasure.  The effectiveness can then be evaluated with monetary impacts.  (In an RSA that decision continues to be upon the roadway jurisdiction, not the RSA team.)Note:  There are dual display curve warning signs in place with 35 mph placquards.  No chevrons are in place.  (At least as of 2013 Google Earth.)



Presenter
Presentation Notes
Here’s another one.  A long four lane bridge including through truss with four 10-foot lanes and no shoulders or median separation.  This road connects Interstate 70 in Illinois to an interchange with Interstate 44 in Missouri (St. Louis Riverfront).  Prior to construction of the new Mississippi River Bridge (Stan Musial Bridge), this connector served as a bypass and short cut to avoid the Poplar Street Bridge carrying three Interstate routes.
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Presenter
Presentation Notes
The HO and SSO crashes are strongly related to the weekend.



Contributing Factor -- Darkness
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Presenter
Presentation Notes
Most of the HO and SSO crashes happen between sunset an sunrise.



Contributing Factor – Driver Condition
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Presenter
Presentation Notes
Almost 2/3 of the HO and SSO crashes involve drivers whose perception and reaction time is increased.



Four 10-Foot Lanes on Through Truss 
Bridge

Roadway 
Diagnostic

Human 
Factors

Environmental
Factors

Vehicle Factors

Roadway User 
information
needs or 
limitations

Interstate 
expectations.
Lane keeping 
in narrow lane.
Reaction to 
encroachment.
Impairment.

Four 10-foot 
lanes, zero 
shoulder.
Location is a 
connector/spur
from Interstate 
to Interstate.

Interstate
traffic, includes 
long and large 
trucks.

Why an issue? Drivers make 
errors, require 
5 steps  time.

No tolerance
for error. No 
room for 
maneuver.

Passing and side 
by side 
operation is 
inhibited or 
risky

Potential 
Interactions

Severe Head-
On crashes

Moderate to 
High Speed 
crashes

Crashes with 
large trucks.
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Presenter
Presentation Notes
 An event is put upon the driver that involves the interaction of human factors limitations, the roadway environment and the vehicle itself.  If drivers make errors in this environment there may be virtually no time to detect, recognize, decide, initiate and complete a maneuver to compensate.



Presenter
Presentation Notes
The first countermeasure applied was milled-in centerline rumble stripes.  This was very low cost, about $5K for the entire segment.



Four 10-Foot Lanes on Through Truss 
Bridge

Roadway 
Diagnostic

Human 
Factors

Environmental
Factors

Vehicle Factors

Roadway User 
information
needs or 
limitations

Interstate 
expectations.
Lanekeeping in 
narrow lane.
Reaction to 
encroachment

Four 10-foot 
lanes, zero 
shoulder.
Centerline 
rumble stripe.

Interstate
traffic, includes 
long and large 
trucks.

Why an issue? Drivers make 
errors, require 
5 steps  time.

No tolerance
for error.

Passing and side 
by side 
operation is 
inhibited or 
risky

Potential 
Interactions

Severe Head-
On crashes

Moderate to 
High Speed 
crashes

Crashes with 
large trucks.
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Presenter
Presentation Notes
 An event is put upon the driver that involves the interaction of human factors limitations, the roadway environment and the vehicle itself.In this case added positive guidance and warning was provided against crossing the centerline.  However, with such restricted space, drivers do not have time to detect, recognize, decide, initiate, and maneuver back into their own lane.  This countermeasure did not solve the head-on crash pattern.



Presenter
Presentation Notes
A positive barrier now separates traffic directions.  The lanes are reduced from four to 3 and the lane width is improved from 10 ft to about 12 ft.  The new bridge carrying Interstate 70 is now open, taking traffic pressure off this bridge.  This was a much more expensive countermeasure including new deck surfacing for the lane re-assignment and a new low deflection, free standing concrete barrier.
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Presenter
Presentation Notes
The barrier has completely eliminated head on and sideswipe opposite direction crashes.  Less severe crashes from attempted U-turns on the bridge have also been eliminated.  There have been some less severe crashes with the new barrier or the existing bridge parapet.  However, none of the fixed object crashes has resulted in a vehicle overhanging, vaulting, or penetrating the barrier to hit traffic in the opposing direction.  The barrier has been quite effective.  It is not known if some of the crashes of impaired drivers have “migrated” beyond the study limits.



Why Do We Need RSA’s Incorporating 
Human Factors?

• Compromises & trade-offs are a normal part of the planning & 
design decision-making process. Human Factors are the 
largest part of factors contributing to crashes. 

• Safety Assessments using Human Factors are intended to link 
the target crashes occurring with the specific 
countermeasures.  Without linking a countermeasure to a 
type of crash, one is guessing and is much more likely to miss  
how and why the crashes are occurring.  

• Ensure that safety is an explicit consideration, and that how 
we drive does not “fall through the cracks.”
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Presenter
Presentation Notes
Although there are three dot points here, they can be summed up into two main ideas.Understanding Human Factors will help us to correctly assess tradeoffs we must make.More effective countermeasures will be applied.



Saccadic Masking

• Our vision moves in
a series of very fast
jumps (saccades).
• Up to 900o/second!
• We only see the scene
where we momentarily
fixate.  The rest is a blur.
• Our brain fills in the gaps, using the part we did see.
• Result – Saccadic masking.  We look but do not see!
• London Cyclist.  What an RAF Pilot Can Teach Us About 

Being Safe on the Road.  01/11/2012.

Presenter
Presentation Notes
Be sure to relate this to the detection step!Describe the mirror experiment, and suggest this might also be interesting with a cell phone.The recommended scheme is to fixate or pause at points that are far, mid and near.  Be sure to include locations near pillars.  Do this for both left and right, twice.  Doesn’t take as long as it sounds.Bradley Conducted research showing a 60% decline in right turn crashes by changing the approach angle by approximately 25 degrees.  Rule of thumb from behind the door column to in front. Share this.



Take Aways
• RSAs already include consideration of human factors, and the tools 

and references here provide more explicit means to include and 
emphasize human factors.

• Use of human factors analysis can help to identify why and how 
crashes and crash patterns occur, and lead to effective 
countermeasures.

• The Human Factors matrix provides a positive guide to assess and 
diagnose safety issues.

• NCHRP 600
– http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_600Second.pdf

• “What an RAF Pilot Can Teach Us About Being Safe on the Road”
– http://www.londoncyclist.co.uk/raf-pilot-teach-cyclists/
– https://www.dropbox.com/s/elegi6k9amk8spw/1211%20Road%20Survi

val%20Guide%20Final.pdf?dl=1

Presenter
Presentation Notes
There are specific resources here that can be applied to arrive at more effective countermeasures.  The Human Factors matrix provides a guide to connecting crash patterns to causative factors.NCHRP 600 provides many specifics regarding driver performance.The article on saccades provides us each with information so we can compensate for our inherent limitations.

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_600Second.pdf
http://www.londoncyclist.co.uk/raf-pilot-teach-cyclists/
https://www.dropbox.com/s/elegi6k9amk8spw/1211%20Road%20Survival%20Guide%20Final.pdf?dl=1


Thank you!
Questions ?
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Contact Info:

Dave Piper CH2M
Email: dave.piper@illinois.gov

mailto:dave.piper@illinois.gov

	Road Safety Assessment
	Definition of Human Factors
	Human Factors�Driver Expectations
	Human Factors�DETECT
	Human Factors�RECOGNIZE
	Human Factors�RECOGNIZE and DECIDE in time
	Human Factors�INITIATE the maneuver
	Human Factors �MANEUVER
	Human Factors �BDE Manual  Avoidance MANEUVER
	Slide Number 10
	There’s a LOT Going on Here!
	There’s a LOT Going on Here!
	Human Factors in the RSA Process
	Basic RSA Concepts
	Definition of RSA
	An RSA is also…
	RSA Objectives
	RSA Challenge
	Role of the Road Environment
	Factors that may Contribute to Crashes
	What is the Typical RSA Process?
		RSA/RSR �(     Prior to & Opening Meeting) to (      Field Investigation) to (     RSA Analysis)
		RSA/RSR �(       RSA Analysis) to (      RSA Presentation) to (      Findings Meeting)    
	Conducting RSA Field Diagnostic
	Field Investigation, Safety Risk and Diagnostic 
	Examples with Human Factors and Causation 
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Day of Week Pattern
	Contributing Factor -- Darkness
	Contributing Factor – Driver Condition
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Why Do We Need RSA’s Incorporating Human Factors?
	Saccadic Masking
	Take Aways
	Thank you!�Questions ?

