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	Project Title: Effectiveness of Two-stage Turn Queue Boxes in Massachusetts: A Comparison with Bike Boxes 
	Research Need Text: Two-stage turn queue boxes (TSTQB) are areas designated for bicyclists, placed downstream of intersection stop lines to faciliate left turns. Despite them gaining popularity, few studies have been completed in North America to assess their effectiveness and no studies have explored left-turning bicyclist behavior in the presence of both TSTQBs and bike boxes.
	Goals/Objectives Text: The objectives of this research are to:
 
1. Create an inventory of two-stage turn queue boxes (TSTQB) in Massachusetts that includes TSTQB design as well as design characteristics of the intersection approaches that they are located at.

2. Characterize left-turning bicyclist behavior at intersections with two-stage turn queue bike boxes and compare TSTQB utilization when bike boxes are also present vs when not.

3. Recommend guidelines on the design and implementation of two-stage turn queue boxes to improve safety.

	Methodology Text: The research methodology consists of three components:
1. A review of existing publications that includes design guidebooks from the United States and peer-reviewed journal and conference publications related to the effectiveness of TSTQBs.

2. Creation of a TSTQB inventory using surveys to obtain the locations of interest and subsequent light detection and ranging (LiDAR) technology and manual observations of online resources to obtain their design characteristics. 

3. A field study on bicyclist behavior at 14 TSTQB box locations at 6 intersections in Massachusetts, analyzing bicyclist left turning behavior and specifically, TSTQB utilization. 

	Key Finding Text: 1. TSTQB utilization by left-turning bicyclists is very low (11.91%)
2. The presence of bike boxes, bike lanes (protected or conventional), and size of intersection does not significantly affect TSTQB utilization.
3. TSTQBs observe significantly higher utilization in the absence of protected left-turn phasing and dedicated left turns lanes and result in significantly lower crosswalk utilization for bicyclists’ left turns. 
	Use of Findings Text: The review of relevant publications and the left-turning bicyclist behavioral analysis resulted in the following recommendations:

DESIGN
- Ensure future TSTQB implementations comply with the newly published MUTCD guidelines.
- Implement regulatory or guidance TSTQB signs to increase bicyclist awareness of TSTQB presence.
- Position TSTQBs near corner curbs of intersections to enhance bicyclist comfort.
- Position TSTQBs near the through moving path of bicyclists to improve utilization.
- Implement TSTQBs in the absence of dedicated left-turn lanes.
- Implement TSTQBs at locations with high crosswalk use for bicyclists’ left-turning maneuvers.

EDUCATION
- Educate bicyclists on the proper use of TSTQBs.
- Implement educational campaigns to enhance driver awareness of bicyclists and the function of TSTQBs.
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