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FLAGGER OPERATIONS: INVESTIGATING THEIR EFFECTIVENESS IN CAPTURING DRIVER ATTENTION 

BACKGROUND 
Work zone related crashes are a nation-wide concern. This past year, the state of Minnesota recorded 1,700 work zone-related 
crashes. One of the key work zone issues involves flagger operations and flagger safety. Previous studies show that the known 
presence of human workers directly affects driving speed in work zones. However, driver inattention to the presence of human 
workers (inc! uding flaggers) is a primary safety concern. With the increase of work zone related crashes, it is important to 
ensure a warnio:g system that effectively captures and sustains driver attention and fosters compliance to minimize work zone 
fatalities. The proposed study continues the Principal Investigator's previous research on designing transportation 
environments to facilitate improved driver compliance and performance. The proposed study will investigate the effectiveness 
of a number of prospective "attention-grabbing" work zone elements (chosen for testing in collaboration with the Technical 
Advisory Panel [TAP]), first in a simulated driving simulation experiment. As part of the driving simulation study, participant 
drivers will also be surveyed to gain insights regarding the participants' moral perspective regarding work zone driving and 
safety as well as the perceived effectiveness of the tested elements. The elements found to be most effective in the driving 
simulation experiment will be used to test a new work zone warning configuration in the field. Solving the entire problem of 
work zone safety with one study is not anticipated, but the University expects to make substantive progress toward facilitating 
creative resolutions to safety-related issues now present in shmi-term work zones. Under this Contract, the University will: 
1. Use a driving simulator to identify elements found to be effective in capturing driver attention and fostering compliance in 

work zones. 
2. In a field test, evaluate the on-road effectiveness of the elements identified in the driving simulation study. 
3. Contribute basic and applied knowledge to increase the level of safety in work zones. 

OBJECTNE 
The findings of this research will benefit MnDOT and will improve both worker and driver safety, not only in Minnesota, but 
also throughout the United States. The results will yield valuable insights into the effectiveness of various work zone speed 
reduction/driver-channeling elements on capturing and sustaining driver attention in work zones. The cognitive basis of the 
approach-investigating work zone element effectiveness from the perspective of the strengths and weaknesses of human 
information processing- will provide findings that can be used to improve work zone safety. It is anticipated that the findings 
will be implemented in work zones on Minnesota roadways; this research also has the potential for nation-wide 
implementation. Direct benefits extend to the general public as well, not only by limiting driver fatalities, but also by utilizing 
taxpayer dollars to improve the safety and efficiency of work zones, increasing their return on investment. The University does 
not anticipate solving the entire problem of work zone safety with one study, but making significant inroads into providing 
valuable implementable information that will lead to safer work zones is anticipated. 

SCOPE 
A systematic two-pronged approach will be carried out: 1) Using driving simulation to identify the most effective "attention
grabbing" elements (of those tested) for drivers approaching short term work zones; and 2) testing the most effective element 
configuration (revealed by the driving simulation experiment) in a field operational test. 

Driving Simulator Experiment: 
There will be 160 participants in the driving simulator potiion of the study. All of the participants will be licensed drivers from 
one of the four age groups: 18-24, 32-47, 55-65, and 70+ years. There will be 40 pmiicipants in each age group, and within 
each age group there will be 20 male~ and 20 females. Each patiicipant will drive in a fully interactive PC-based STISIM 
driving simulator. Eighty participants (50%) will be recruited fi:om an area that lies outside the Twin Cities metropolitan area. 

There will be three experimental trials for each patiicipant. In each trial, the participant will drive for five miles on a simulated 
freeway. Then, the patiicipants will encounter a short-term work zone consisting of an arrangement of elements designed to be 
"attention-grabbing". A counterbalancing scheme will be used to control for effects of order for participants encountering the 
individual elements. Visual, auditory (e.g., the University's Work Zone Sonic Blaster), and tactile elements will be considered 
for testing. Specific element types will be decided in collaboration with the TAP. 
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Two types of data will be collected during the experimental drives. Specifically, the University will assess: 
1. Whether drivers comply with the directives provided by the elements (e.g., signage, rumble strips) 
2. Whether drivers reduce their speed in response to the elements And, if so, at what point do they reduce speed? 

The driving simulator data will be analyzed by age and gender groups. In addition, after the participants have completed the 
simulation experiment, they will be asked to complete a survey. The survey will serve the purpose of assessing drivers' moral 
perspective related to driving in work zone settings as well as their perception of the work zone safety elements. 

The University will use a fully interactive PC-based STISIM driving simulator to measure driver behavior in the presence of 
the elements in the shortwterm work zone. The simulator is comprised of an automotive-style seat for the driver that faces a 
bank ofthree LCD displays providing a 180-degree forward field ofview. Three PCs generate the virtual environment 
p1·esented on the LCD displays. It also includes a surround smmd system. 

Field Test: 
The safety treatments identified as most effective in the driving simulator experiment will be implemented in actual highway 
work zones. The University's preference will be roadways with a 60 mph or higher speed limit. But, if circumstances warrant 
it, highways with a 55 mph speed limit will be considered. The engineers of the Minnesota Traffic Observatmy will, if not 
commercially available, assemble and deploy crashwmthy implementations of the proposed safety treatments. the University 
will collaborate with MnDOT' s maintenance in order to identify candidate sites where work zone activity is planned. 
Candidate sites will be limited to the region circling a two-hour drive from the University. Preliminary engineering of all 
proposed sites will allow for the selection of the most appropriate sites for the field study. The project team, depending on the 
work zone planned activities, will coordinate with MnDOT to schedule the time period for the field study. More than two work 
zone operations will be planned to account for unexpected environmental and traffic conditions. The University will avoid 
conducting the field study under unusual weather conditions because the field test will have to be repeated if an unexpected 
event affects traffic conditions in the area of the work zone. 

Data will be collected in two different short-term,. flagger-controlled maintenance work zones. The project will utilize the 
Minnesota Traffic Observatory's (MTO) array of Delphi Electronically Scanning Radar (ESR) to collect detailed trajectories of 
all vehicles approaching the work zone. Speed data will be collected under three different scenarios for each work zone: 
I. Scenario A: No work activity or traffic control; 
2. Scenario B: Standard Manual on Uniform Traffic Control Devices (MUTCD) work zone traffic control; 
3. Scenario C: The new proposed safety treatment installed in the context of the standard MUTCD work zone traffic control. 

The goal of the field study is to validate the findings of the design (driving simulation) study, test the practicality and 
workability in the field of the proposed safety treatment, and determine under actual conditions the effective range of speed 
reduction as a factor of vehicle type and original· speed. Budget permitting, an attempt will be made to utilize video recordings 
of vehicle drivers to detect cell phone use and any other possible causes of distraction. 

The results of the proposed work zone flagget· operations study will yield information that could lead to an increased level of 
safety on state and national roads. 

ASSISTANCE 
MnDOT's maintenance personnel will provide the materials for any work zone safety elements (e.g., portable rumble strips, 
signage) used in the field test. 

WORK PLAN 

Task Descriptions 

Task 1: Determine "Attention-Grabbing" Elements 
The University will consult with MnDOT to select the content of the Incident Lane Closure System (ILCS) elements to be used 
in the simulation experiment. 
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Task 2: Develop Simulated Roadway Environment with "Attention-Grabbing" Work Zone Test Elements 
The University will develop the simulated roadway environment, including the selected work zone test elements, which will be 
used in the simulation experiment. 

Task 3: Conduct the Driving Simulation Expel'iment, Testing Three Conditions of Elements and Data Analysis 
The University will conduct a driving simulation experiment using a STISIM driving simulator. The experiment is described in 
the "scope" section above. 

Task 4: Assembly and Retrofitting of Elements for Field Study in Collaboration with MnDOT 
The University will assemble and retrofit the work zone safety elements found to be most effective in the driving simulation 
study for use in field testi1;1g. 

Task 5: Identify Field Test Sites and Test Dates and Secure Permits Necessary to Conduct Field Test 
Together with MnDOT, the University will select appropriate test sites and test dates for the field study. Permits necessary to 
conduct the field study will be secured. 

Task 6: Conduct Field Study and Data Analysis 
The University will implement the safety treatments identified as most effectivein the driving simulator experiment in actual 
highway work zones. The field study is described in the "scope" section above. · 

Task 7: Compile Report, TAP Review and Revisions 
The University will prepare a draft report, following MnDOT's publication guidelines, to document project activities, findings 
and recommendations. This report will be reviewed by the TAP, updated by the University's Principal Investigator and then 
approved by MnDOT's Technical Liaison before this task is considered complete. Holding aT AP meeting to discuss the draft 
report and reyiew comments is strongly encouraged. TAP members may be consulted for clarification or discussion of 
comments. · 

Task 8: Final Published Report Completion 
During this task, the Approved Report will be processed by MnDOT's Contract Editors. The editors will review the document 
to ensure the document meets the publication standard. A Final Report will then be prepared by the University's Principal 
Investigator and submitted for publication through MnDOT's publishing process. 

Task Deliverables 

Task: Deliverable(s): 
1: A Task Summary Report, documenting the elements selected; A TAP Meeting, held to discuss the report 
2; A Task Summary Report, documentip.g task completion as well as a demonstration of the simulated roadway 

environment, submitted to MnDOT's Technical Liaison and Project Coordinator, along with TAP members 
whose schedules allow them to attend 

3: A Task Summary Report, stating that the experiment and analysis of the data obtained has been completed (the 
report will include preliminary findings, whether goals and expectations were met and whether any surprises or 
problems were encountered) 

4: A Task Summary Report, verifying completion of the task 
5: A Task Summary Repott, stating the location of the field sites, the test dates, and that all permits necessary to 

conduct the field test have been granted 

6: A Task Summary Repmt, stating that the experiment and analysis of the data obtained has been completed (the 
report will include preliminary findings, whether goals and expectations were met and whether any surprises or 
problems were encountered) 

7: Approved Report 
8: Final Published Report 
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PROJECT SCHEDULE 

Task Durations· . 
Months: 2013 2014 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Task1 X X X X X 
Task2 X X X 
Task3 X X X X X X 
Task4 X X X X 

·TaskS X X X X 
Task6 X X X X X 
Task7 X X X X X X 
TaskS 

Months: 2015 
21 22 23 25 24 25 26 27 

Task 1 
Task2 
Task3 
Task4 
TaskS 
Task 6 X 
Task 7 X X X X X X 
TaskS X X· 

Task Completion Dates: 

Task: Completion Date: 
1: September 30, 2013 
2: October 31,2013 
3: April30, 2014 
4: July 31, 2014 
5: July31, 2014 
6: January 31,2015 
7: June 30, 2015 
8: August 31,2015 
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