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APPENDIX
Table A1. Systematic Research scripts.
	Database
	Script

	Google Scholar
	allintitle: Main Keyword “Driving” OR “Highway” OR “Highways” OR “Freeway” OR ”Freeways” OR “Movement” OR “Movements” OR “Collision” OR “Collisions” OR “Accident” OR “Accidents” OR “Crash” OR “Crashes” OR “Vehicle” OR “Vehicles” OR “Detection” OR “Entry” OR “Entries”

include patents: no
include citations: no

	Scopus
	TITLE(Main Keyword AND "Driving" OR "Highway" OR "Highways" OR "Freeway" OR "Freeways" OR "Movement" OR "Movements" OR "Collision" OR "Collisions" OR "Accident" OR "Accidents" OR "Crash" OR "Crashes" OR "Vehicle" OR "Vehicles" OR "Detection" OR "Entry" OR "Entries")

	IEEE Xplore
	"Document Title": Main Keyword AND ("Document Title":“Driving” OR "Document Title":“Highway” OR "Document Title":“Highways” OR "Document Title":“Freeway” OR "Document Title":“Freeways” OR "Document Title":“Movement” OR "Document Title":“Movements” OR "Document Title":“Collision” OR "Document Title":“Collisions” OR "Document Title":“Accident” OR "Document Title":“Accidents” OR "Document Title":“Crash” OR "Document Title":“Crashes” OR "Document Title":“Vehicle” OR "Document Title":“Vehicles” OR "Document Title":“Detection” OR "Document Title":“Entry” OR "Document Title":“Entries”)

	PubMed
	Main Keyword [Title] AND ("Driving"[Title] OR "Highway"[Title] OR "Highways"[Title] OR "Freeway"[Title] OR "Freeways"[Title] OR "Movement"[Title] OR "Movements"[Title] OR "Collision"[Title] OR "Collisions"[Title] OR "Accident"[Title] OR "Accidents"[Title] OR "Crash"[Title] OR "Crashes"[Title] OR "Vehicle"[Title] OR "Vehicles"[Title] OR "Detection"[Title] OR "Entry"[Title] OR "Entries"[Title])

	Cochrane Library
	((Main Keyword):ti AND (“Driving” OR “Highway” OR “Highways” OR “Freeway” OR ”Freeways” OR “Movement” OR “Movements” OR “Collision” OR “Collisions” OR “Accident” OR “Accidents” OR “Crash” OR “Crashes” OR “Vehicle” OR “Vehicles” OR “Detection” OR “Entry” OR “Entries”)):ti





Table A2. Systematic Research results
	Research (10/10/2023)

	Database
	Documents number

	Google Scholar
	315

	Wrong Way
	268

	Wrong Direction
	18

	Opposite Way
	1

	Opposite Direction
	28

	Scopus
	158

	Wrong Way
	114

	Wrong Direction
	7

	Opposite Way
	0

	Opposite Direction
	37

	IEEE Xplore
	10

	Wrong Way
	7

	Wrong Direction
	1

	Opposite Way
	0

	Opposite Direction
	2

	PubMed
	22

	Wrong Way
	16

	Wrong Direction
	1

	Opposite Way
	0

	Opposite Direction
	5

	Cochrane Library
	0

	Total
	505

	Total (without duplicates)
	328





Table A3. Evaluation of the quality of the selected articles with CASP method, as used by Useche et al. (2024)
	[bookmark: _Hlk218100605]Were the objectives clearly defined?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Is the methodology consistent?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Is the research method adequate for the aims?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Is the sample selection adequate?
	-
	+
	+
	+
	+
	+
	+
	+
	-
	+
	-
	+
	+
	+
	+
	+
	+

	Are the data collection techniques adequate?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Is the relationship researcher-object of research adequate?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Have ethical aspects been taken into account?
	+
	+
	+
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	+
	+
	N/A
	N/A
	N/A
	+
	+
	N/A

	Was the analysis rigorous?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Is the presentation of the results clear?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	Are the results applicable?
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+

	
	Seitzinger R. et al., 2016
	Kayes M. et al., 2018
	Lin P. et al, 2018
	Sandt A. et al., 2020
	Atiquzzaman M., 2020
	Kayes M. et al., 2020
	Schrock S. et al., 2005
	Sandt A. et al., 2021
	Lasky T. et al., 2021
	Lin P. et al., 2016
	Ozkul S. et al., 2017
	Xue C., 2020
	Wang J. et al., 2017
	Pour-Rouholamin M. et al., 2016
	Sandt A. et al., 2016
	Ruer P. et al., 2014
	Finley M. et al., 2019





[bookmark: _Hlk183616821]Table A4. Simple Signal: the table collects, for each paper included in the review, the main findings useful for the systematic review, broken down by the solutions they refer to.
	Reference
	Type of study
	Type of Solution
	Relevant Findings

	[bookmark: _Hlk196431136]Seitzinger R. et al., 2016

Conference

USA
	- Experimental Lab test
	- DO NOT ENTER (DNE), WRONG WAY (WW) Standard Signal

- DO NOT ENTER (DNE) , WRONG WAY (WW) Lowered Signal
	The 3-foot signs (lowered) improved the drivers’ reaction time by 21% (0.888 sec.) and reduced the likelihood of the driver missing the sign from 19% to 3%.

There was no significant difference for potential wrong-way right turns.

Drivers were significantly more likely to miss wrong-way signs when making a right turn.

	Lin P. et al,
2018

Journal

USA
	- Experimental Field test
- Survey
- Experimental Lab test
	- Newly-developed signing and pavement marking (S&PM)

- Red ﬂush-mount Internally Illuminated Raised Pavement Markers (IIRPMs)

- Delineators along oﬀ-ramps
	Survey results conﬁrmed that the newly-developed S&PM standards for arterials near freeway oﬀ-ramps provide a signiﬁcant improvement to mitigate WWD.

Simulation testing indicated that the newly-developed S&PM standards should be implemented to reduce confusion regarding freeway entry points.

IIRPMs could be considered as a supplemental countermeasure for mitigating WWD at freeway oﬀ-ramps.

Delineators along oﬀ-ramps is the least eﬀective countermeasure and is not recommended to be used for deterring WWD at freeway oﬀ-ramps.

	Atiquzzaman M., 2020

Journal

USA
	- Observational
	- Standard signals
	Observed data statistically demonstrated that could be useful the placement of WW signs within a short distance from the crossroad (within 200 ft for the majority of cases).

	Schrock S. et al., 2005

Journal

USA
	- Observational
	- Pavement markers
	Before-After Installation of Lane Direction Arrows indicated that there is -90.8% of Wrong-Way Driving maneuvers (difference is statistically significant at the 0.01 level of significance). 

Before-After Installation of Lane Direction Arrows indicated that there is -94.1% of Wrong-Way Driving traffic conflicts (difference is statistically significant at the 0.01 level of significance).

	Lasky T. et al., 2021

Journal

USA
	- Observational
- Experimental Field test
	- Pavement markers
	Replacing retroreflective pavement markers on the exit ramp with red retroreflective markers (and installing an active monitoring system which activates flashing beacon(s)) provided, after 39 months from installation, a 53% reduction in the number of WWD events.

	Xue C.,
2020

Journal

USA
	- Experimental Field test 
	- Directional Rumble Strips (DRS)
	Results showed that the number of WWD incidents and average driving distances significantly decreased, by roughly 90% and 85%, respectively, after implementing all three DRS patterns.

	Wang J. et al., 2017

Journal

USA
	- Observational
- Simulation
	- Pavement markers
	The chance of WWD crashes increases significantly when the stop line is located more than 60% into the intersection.

	Sandt A. et al., 2016

Conference

USA
	- Survey
	- Pavement markers
	44% of survey respondents correctly identified the DO NOT ENTER symbol (not the standard sign used in the United States, just the symbol without the text), 48% correctly identified the purpose of a wrong-way pavement arrow, and 69% knew that white edge lines are used on the right side of ramps.

	Ruer P. et al.,
2014

Conference

France
	- Experimental Lab test
	- Light barrier


- Wrong way signal with/without a yellow background (B1Y/B1)
	Most of the road signs are well perceived and understood by the drivers, except the light barrier alone. However, when added to a B1Y, light provides a high level of risk perception. Although the B1Y led to a reduction of wrong way, the yellow color was not easily interpreted. Some drivers perceived this color as an indication of a temporary signalization.

	Finley M. et al., 2019

Conference

USA
	- Observational
	- Pavement markers


- DO NOT ENTER (DNE), WRONG WAY (WW) Standard Signal


- ONE WAY (OW) sign
	At Intersections on Divided Highways Wrong-way crash risk reduction was statistically correlated with: 

- The presence of a centerline in the median opening
- The presence of wrong-way arrow markings in the through lanes near the intersection
- The presence of DO NOT ENTER sign on the near left inside of the intersection
- The presence of a near left inside WRONG WAY sign
- The presence of either the near right outside ONE WAY sign or near left inside ONE WAY
- The presence of either a stop or yield line in the median opening





Table A5. Intelligent Technological Solutions (ITS): the table collects, for each paper included in the review, the main findings useful for the systematic review, broken down by the solutions they refer to.
	Reference
	Type of study
	Type of Solution
	Relevant Findings

	Kayes M. et al., 2018

Journal

USA
	- Observational
- Survey
	- Light-Emitting Diode (LED) Wrong Way Signal


- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	The 17 LED sites experienced a 38% reduction in WWD citations and 911 calls after the signs were installed.

Over 77% of the 170-detected wrong-way vehicles self-corrected their wrong-way movement at the RRFB sites (each with two sets of signs and multiple cameras) and 14% self-corrected at the LED sites (each with one set of signs and one camera).

Survey results: More than 73% of the 2,052 respondents preferred RRFBs over LEDs, mainly due to the double set of RRFB signs and their flashing pattern. The performance and survey results show that both the LEDs and RRFBs have effectively reduced WWD movements.

	Lin P. et al,
2018

Journal

USA
	- Experimental Field test
- Survey
- Experimental Lab test
	- Rectangular Rapid Flashing Beacons (RRFB) Wrong Way Signal

- Light-Emitting Diode (LED) Wrong Way Signal


- Blank-out signs that ﬂash “WRONG WAY"

- Wigwag ﬂashing beacons
	Focus group testing indicated that RRFBs were ranked the most eﬀective WWD countermeasure, with Blank-out signs that ﬂash “WRONG WAY” as second best, and Wigwag ﬂashing beacons as third. 

The public survey indicated that RRFBs were ranked as being signiﬁcantly more eﬀective than LED “WRONG WAY” signs and Blank-out signs that ﬂash “WRONG WAY” at the 5% and 1% signiﬁcance levels, respectively. LED “WRONG WAY” signs and Wigwag ﬂashing beacons were ranked as signiﬁcantly more eﬀective than Blank-out signs that ﬂash “WRONG WAY” at the 10% and 1% signiﬁcance levels, respectively.

Simulation testing indicated that: 
The implementation of RRFB Wrong Way signs, LED Wrong Way signs, and Wigwag ﬂashing beacons should be considered to mitigate wrong-way crashes; Blank-out signs that ﬂash “WRONG WAY” that light up only when a driver is approaching may not eﬀectively warn drivers in time that they are going the wrong-way and are not recommended.

	Sandt A. et al.,
2020

Journal

USA
	- Observational
	- Rectangular Rapid Flashing Beacons (RRFB) Wrong Way Signal
	RRFB Wrong Way Signal provided a turn-around percentage of 83.1%  in the study sample ramps.

The before–after analyses showed statistically significant reductions of 66.3% for 911 calls and 53.8% for citations.

RRFB Wrong Way Signal the benefit-cost ratio ranges between 4.10 and 2.49 for crash savings and between 7.20 and 4.77 for injury savings.

	Kayes M. et al., 2020

Journal

USA
	- Observational
	- Light-Emitting Diode (LED) Wrong Way Signal

- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	Comparison before-after analyses indicated that the LED and RRFB countermeasures reduced WWD events by 48.1% and 69.4%, respectively.

Traffic data analyses indicated that over 16% of the 72 detected wrong-way vehicles self-corrected at the LED sites and 81% of the 353 detected wrong-way vehicles self-corrected at the RRFB sites.

	Sandt A. et al., 2021

Journal

USA
	- Observational
	- Light-Emitting Diode (LED) Wrong Way Signal

- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	Data from existing sites were used to determine their effectiveness and costs with turnaround percentages used to represent their effectiveness. These percentages were 70.8% for the RRFBs and 21.3% for the LEDs.

Deploying RFBs at all 216 exits is expected to provide a total B/C ratio of 23.20 while deploying LEDs at all exits considered in the study is expected to provide total B/C ratio of 13.13.

	Lasky T. et al., 2021

Journal

USA
	- Observational
- Experimental Field test
	- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	Installing an active monitoring system which activates flashing beacon(s) (and replacing retroreflective pavement markers on the exit ramp with red retroreflective markers) provided, after 39 months from installation, a 53% reduction in the number of WWD events.

	Lin P. et al.,
2016

Conference

USA
	- Survey
	- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	Based on a public opinion survey conducted for this study, a significant majority (69.5%) of participants selected the combination of placing “WRONG WAY” signs on both the left and right sides of an interstate off-ramp with red RRFBs activated at the top and bottom as the method that most attracts their attention and informs them of their WWD action.

About 58% of participants selected the non-dimmed flashing red RRFBs over the dimmed option.

The “return rate” analysis of the WWD video data showed that 85% and 60% of the vehicles that triggered the radar and activated the red flashing beacons, received the flashing WWD warning message. The drivers of these vehicles positively reacted to this warning message by turning their vehicle around in the right direction of traffic.

	Ozkul S. et al., 2017

Conference

USA
	- Observational
- Survey
	
	

	Sandt A. et al., 2016

Conference

USA
	- Survey
	- Light-Emitting Diode (LED) Wrong Way Signal

- Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	Over 90% of respondents wanted to be warned about WWD events via dynamic message signs or in-vehicle devices.

Based on video analysis, 72% of respondents preferred the use of two sets of WRONG WAY signs with Rapid Rectangular Flashing Beacons (RRFBs) rather than one set of LED WRONG WAY signs to warn wrong-way drivers on ramps.





Table A6. Intelligent Technological Solutions (ITS): the table collects, for each paper included in the review, the main findings useful for the systematic review, broken down by the solutions they refer to.
	Reference
	Type of study
	Type of Solution
	Relevant Findings

	Atiquzzaman M., 2020

Journal

USA
	- Observational
	- Exit ramps design
- Barriers
	Observed data statistically demonstrated that could be useful:

- Use of non-traversable crossroad median on cross-roads near exit ramp terminals.

- Use of non-traversable channelizing island at exit ramp terminals to reduce the exit ramp throat width. 

- Relatively lower number of access points near to the exit ramp terminals.

- For exit ramp terminals of full diamond interchanges, angular connection between left edge of exit ramp and right edge of crossroad (i.e., the corner radius is non-tangent to crossroad edge).

- Wide median between exit and entrance ramps at partial cloverleaf interchanges.

	Wang J. et al., 2017

Journal

USA
	- Observational
- Simulation
	- Barriers
	With a decrease in median barrier length, the percentage of right-way information increases in the driver’s sight and remains constant after the median barrier reaches a certain length. The median barrier should be extended for a certain distance from the stop line on ramps to expose the maximum entrance ramp information in the driver’s sight.

	Pour-Rouholamin M. et al.,
2016

Conference

USA
	- Observational
	- Barriers
- Exit ramps design
- Intersection design
	Regarding the type of median in the crossroad, traversable medians increase the odds of having WWD entry by 94% (OR=1.94).

In relation with the width of the median between exit and entrance ramps, it was found that who-way ramps with medians of 30 ft or less are more likely to have a history of WWD entries, however, the odds of this occurring was decreased of 25% when the width of the median was between 31 and 40 ft (OR=0.25).

In terms of intersection balance, this study found that the likelihood of having a history of WWD entry is high when an intersection balance of less than 40% is considered; however, this intersection likelihood is reduced constantly as the intersection balance is increased.

With regard to the vicinity of access points in the investigated locations, the access point within 600 ft of the exit ramps appeared to be problematic, having a higher likelihood of resulting in WWD entries than other categories in the final model.










Table A7. Full Table of Results.
	N.
	Reference
	Year
	Publication Type
	Country
	Type of study
	Category
	Type of solution
	Relevance
	Relevant findings
	Message

	1
	Seitzinger R. et al., 2016
	2016
	Conference
	USA
	- Experimental Lab test
	Simple Signal
	DO NOT ENTER (DNE), WRONG WAY (WW) Standard Signal

DO NOT ENTER (DNE), WRONG WAY (WW) Lowered Signal
	2/3
	- The 3-foot signs (lowered) improved the drivers’ reaction time by 21% (0.888 sec.) and reduced the likelihood of the driver missing the sign from 19% to 3%.

- There was no significant difference for potential wrong-way right turns.

- Drivers were significantly more likely to miss wrong-way signs when making a right turn.
	The lowered signal can be more effective than the standard signal, especially in turning scenarios.

	2
	[bookmark: _Hlk196432397]Kayes M. et al., 2018
	2018
	Journal
	USA
	- Observational
- Survey
	Intelligent Technological Solutions (ITS)
	Light-Emitting Diode (LED) Wrong Way Signal

Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	3/3
	
- The 17 LED sites experienced a 38% reduction in WWD citations and 911 calls after the signs were installed.

- Over 77% of the 170-detected wrong-way vehicles self-corrected their wrong-way movement at the RRFB sites (each with two sets of signs and multiple cameras) and 14% self-corrected at the LED sites (each with one set of signs and one camera).

- Survey results: More than 73% of the 2,052 respondents preferred RRFBs over LEDs, mainly due to the double set of RRFB signs and their flashing pattern. The performance and survey results show that both the LEDs and RRFBs have effectively reduced WWD movements.
	LED solution can reduce WWD citations up to 38% and provide 14% self-corrections in case of WWD.

RRFB solution can provide over 77% self-correction in case of WWD and it is preferred compared to the LED solutions by 73% of users.

	3
	Lin P. et al, 2018
	2018
	Journal
	USA
	- Experimental Field test
- Survey
- Experimental Lab test
	Simple Signal

Intelligent Technological Solutions (ITS)
	Newly-developed signing and pavement marking (S&PM)

Rectangular Rapid Flashing Beacons (RRFB) Wrong Way Signal

Red ﬂush-mount Internally Illuminated Raised Pavement Markers (IIRPMs)

Light-Emitting Diode (LED) Wrong Way Signal

Blank-out signs that ﬂash “WRONG WAY"

Delineators along oﬀ-ramps

Wigwag ﬂashing beacons
	2/3
	- Focus group testing indicated that RRFBs were ranked the most eﬀective WWD countermeasure, with Blank-out signs that ﬂash “WRONG WAY” as second best, and Wigwag ﬂashing beacons as third.

- The public survey indicated that RRFBs were ranked as being signiﬁcantly more eﬀective than LED “WRONG WAY” signs and Blank-out signs that ﬂash “WRONG WAY” at the 5% and 1% signiﬁcance levels, respectively. LED “WRONG WAY” signs and Wigwag ﬂashing beacons were ranked as signiﬁcantly more eﬀective than Blank-out signs that ﬂash “WRONG WAY” at the 10% and 1% signiﬁcance levels, respectively. Survey results also conﬁrmed that the Newly-developed S&PM standards for arterials near freeway oﬀ-ramps provide a signiﬁcant improvement to mitigate WWD.

- Simulation testing indicated that: Newly-developed S&PM standards, should be implemented to reduce confusion regarding freeway entry points; The implementation of RRFB Wrong Way signs, LED Wrong Way signs, and Wigwag ﬂashing beacons should be considered to mitigate wrong-way crashes; Blank-out signs that ﬂash “WRONG WAY” that light up only when a driver is approaching may not eﬀectively warn drivers in time that they are going the wrong-way and are not recommended.

- IIRPMs could be considered as a supplemental countermeasure for mitigating WWD at freeway oﬀ-ramps.

- Delineators along oﬀ-ramps is the least eﬀective countermeasure and is not recommended to be used for deterring WWD at freeway oﬀ-ramps.
	RRFB is considered the most effective WWD countermeasure based on field test, survey and simulator study.

Wigwag flashing beacons, LED Wrong Way Signal and Blank-out signs are considered more effective than simple signals.

The pavement markers (IIRPMs) are potentially useful in combination with other WWD countermeasures.

The Newly-developed signing and pavement marking (S&PM) is considered a positive countermeasure.

Delineators along off-ramps are the least effective countermeasure of the study.

	4
	[bookmark: _Hlk196432577]Sandt A. et al.,2020
	2020
	Journal
	USA
	- Observational
	Intelligent Technological Solutions (ITS)
	Rectangular Rapid Flashing Beacons (RRFB) Wrong Way Signal
	3/3
	- RRFB Wrong Way Signal provided a turn-around percentage of 83.1%  in the study sample ramps.

- The before–after analyses showed statistically significant reductions of 66.3% for 911 calls and 53.8% for citations.

- RRFB Wrong Way Signal the benefit-cost ratio ranges between 4.10 and 2.49  for crash savings and between 7.20 and 4.77 for injury savings.
	The RRFB solution can provide 83.1% turn-around in case of WWD and a reduction of  66.3% for 911 calls and 53.8% for citations.
The benefit-cost ratio is favorable.

	5
	Atiquzzaman M., 2020
	2020
	Journal
	USA
	- Observational
	Road Design

Simple Signal
	Exit ramps design

Barriers

Standard signals
	2/3
	Observed data statistically demonstrated that could be useful:

- Use of non-traversable crossroad median on cross-roads near exit ramp terminals.

- Use of non-traversable channelizing island at exit ramp terminals to reduce the exit ramp throat width.

- Relatively lower number of access points near to the exit ramp terminals.

- For exit ramp terminals of full diamond interchanges, angular connection between left edge of exit ramp and right edge of crossroad (i.e., the corner radius is non-tangent to crossroad edge).

- Wide median between exit and entrance ramps at partial cloverleaf interchanges.

- Placement of WW signs within a short distance from the crossroad (within 200 ft for the majority of cases).
	Exit ramp design precaution descripted can be effective in reducing WWD crashes.

Standard signals are more effective within a short distance from the crossroad.

	6
	[bookmark: _Hlk196431654]Kayes M. et al., 2020
	2020
	Journal
	USA
	- Observational
	Intelligent Technological Solutions (ITS)
	Light-Emitting Diode (LED) Wrong Way Signal

Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	3/3
	- Comparison before-after analyses indicated that the LED and RRFB countermeasures reduced WWD events by 48.1% and 69.4%, respectively.

- Traffic data analyses indicated that over 16% of the 72 detected wrong-way vehicles self-corrected at the LED sites and 81% of the 353 detected wrong-way vehicles self-corrected at the RRFB sites.
	LED solution can reduce WWD events up to 48.1% and provide 16% self-corrections in case of WWD.

RRFB solution can reduce WWD events up to 69.4% and provide 81% self-corrections in case of WWD.

	7
	[bookmark: _Hlk196431672]Schrock S. et al., 2005
	2005
	Journal
	USA
	- Observational
	Simple Signal
	Pavement markers
	2/3
	- Before-After Installation of Lane Direction Arrows indicated that there is -90.8% of Wrong-Way Driving maneuvers (difference is statistically significant at the 0.01 level of significance).

- Before-After Installation of Lane Direction Arrows indicated that there is -94.1% of Wrong-Way Driving traffic conflicts (difference is statistically significant at the 0.01 level of significance).
	The Lane Direction Arrows on the pavement can provide reduction in WWD maneuvers and conflicts.

	8
	[bookmark: _Hlk196431698]Sandt A. et al., 2021
	2021
	Journal
	USA
	- Observational
	Intelligent Technological Solutions (ITS)
	Light-Emitting Diode (LED) Wrong Way Signal

Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	3/3
	- Data from existing sites were used to determine their effectiveness and costs with turnaround percentages used to represent their effectiveness. These percentages were 70.8% for the RRFBs and 21.3% for the LEDs.

- Deploying RFBs at all 216 exits is expected to provide a total B/C ratio of 23.20 while deploying LEDs at all exits considered in the study is expected to provide total B/C ratio of 13.13.
	RRFB and LED solution can provide respectively 70.8% and 21.3% turn-around in case of WWD.
The benefit-cost ratio is very favorable.

	9
	[bookmark: _Hlk196431735]Lasky T. et al., 2021
	2021
	Journal
	USA
	- Observational
- Experimental Field test
	Simple Signal

Intelligent Technological Solutions (ITS)
	Pavement markers

Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	2/3
	- Replacing retroreflective pavement markers on the exit ramp
with red retroreflective markers and installing an active monitoring system which activates flashing beacon(s) provided, after 39 months from installation, a 53% reduction in the number of WWD events.
	Unconventional pavement markers (e.g. using different color and/or reflective markers) and flashing beacon solutions can provide a reduction of WWD events.

	10
	[bookmark: _Hlk196431774]Lin P. et al., 2016
	2016
	Conference
	USA
	- Survey
	Intelligent Technological Solutions (ITS)
	Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	2/3
	- Based on a public opinion survey conducted for this study, a significant majority (69.5%) of participants selected the combination of placing “WRONG WAY” signs on both the left and right sides of an interstate off-ramp with red RRFBs activated at the top and bottom as the method that most attracts their attention and informs them of their WWD action.

- About 58% of participants selected the non-dimmed flashing red RRFBs over the dimmed option.

- The “return rate” analysis of the WWD video data showed that 85% and 60% of the vehicles that triggered the radar and activated the red flashing beacons, received the flashing WWD warning message. The drivers of these vehicles positively reacted to this warning message by turning their vehicle around in the right direction of traffic.
	The RRFB non-dimmed solution with the sign on both left and right sides was indicated by users as the preferred configuration.

RRFB solution can provide from 60% to 85% turn-around corrections in case of WWD.
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	Simple Signal
	Directional Rumble Strips (DRS)
	2/3
	- Results showed that the number of WWD incidents and average driving distances significantly decreased, by roughly 90% and 85%, respectively, after implementing all three DRS patterns.
	Directional Rumble Strips (DRS) solution might provide an increase of WWD self-corrections.
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Road Design
	Pavement markers
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	- The chance of WWD crashes increases significantly when the stop line is located more than 60% into the intersection.

- With a decrease in median barrier length, the percentage of right-way information increases in the driver’s sight and remains constant after the median barrier reaches a certain length. The median barrier should be extended for a certain distance from the stop line on ramps to expose the maximum entrance ramp information in the driver’s sight.
	The stop line position and median barrier length can have an influence on WWD occurrence.
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Exit ramps design

Intersection design
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	- Regarding the type of median in the crossroad, traversable medians increase the odds of having WWD entry by 94% (OR=1.94).

- In relation with the width of the median between exit and entrance ramps, it was found that who-way ramps with medians of 30 ft or less are more likely to have a history of WWD entries, however, the odds of this occurring was decreased of 25% when the width of the median was between 31 and 40 ft (OR=0.25).

- In terms of intersection balance, this study found that the likelihood of having a history of WWD entry is high when an intersection balance of less than 40% is considered; however, this intersection likelihood is reduced constantly as the intersection balance is increased.

- With regard to the vicinity of access points in the investigated locations, the access point within 600 ft of the exit ramps appeared to be problematic, having a higher likelihood of resulting in WWD entries than other categories in the final model.
	Various road design factors can influence WWD occurrence, including the turning radius from crossroads to two-way ramps, the type of median on the crossroad, the width of the median between the exit and entrance ramps, the intersection balance at the interchange terminal, and the distance to nearby access points.
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Intelligent Technological Solutions (ITS)
	Pavement markers

Light-Emitting Diode (LED) Wrong Way Signal

Rectangular Rapid Flashing Beacon (RRFB) Wrong Way Signal
	1/3
	- 44% of survey respondents correctly identified the DO NOT ENTER symbol (not the standard sign used in the United States, just the symbol without the text), 48% correctly identified the purpose of a wrong-way pavement arrow, and 69% knew that white edge lines are used on the right side of ramps.

- Over 90% of respondents wanted to be warned about WWD events via dynamic message signs or in-vehicle devices.

- Based on video analysis, 72% of respondents preferred the use of two sets of WRONG WAY signs with Rapid Rectangular Flashing Beacons (RRFBs) rather than one set of LED WRONG WAY signs to warn wrong-way drivers on ramps.
	Some simple signs may not be recognized by all users. Users would like to be warned by a WWD event.

The RRFB solution was preferred to the LED solution by 72% of users.
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	Light barrier

Wrong way signal with/without a yellow background (B1Y/B1)
	1/3
	- Most of the road signs are well perceived and understood by the drivers, except the light barrier alone. However, when added to a B1Y, light provides a high level of risk perception. Although the B1Y led to a reduction of wrong way, the yellow color was not easily interpreted. Some drivers perceived this color as an indication of a temporary signalization.
	The combination of B1Y and light barrier can be more effective than the B1 solution. Light barrier alone is not understood by users.
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DO NOT ENTER (DNE), WRONG WAY (WW) Standard Signal

ONE WAY (OW) sign
	2/3
	At Intersections on Divided Highways Wrong-way crash risk reduction was statistically correlated with:

- The presence of a centerline in the median opening

- The presence of wrong-way arrow markings in the through lanes near the intersection

- The presence of DO NOT ENTER sign on the near left inside of the intersection

- The presence of a near left inside WRONG WAY sign

- The presence of either the near right outside ONE WAY sign or near left inside ONE WAY

- The presence of either a stop or yield line in the median opening
	DO NOT ENTER and WRONG WAY signs on the outside of a wrong-way turn can reduce the risk of WWD

Wrong-way arrow markings, centerline in the median opening and the use of stop or yield lines can reduce the risk of WWD



