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Summary

Left turns at urban intersections can be dangerous, especially when views are obstructed or 

pedestrians are present. Impairments in driver vision, motor, and cognition functions may further 

increase left-turn risk. We examined this problem in a simulated environment that included left-

turn scenarios to study the driving behaviors of 28 drivers, ages 37 to 88 years, six of whom had 

“Useful Field of View” (UFOV) impairments. Subjects also completed a battery of 

neuropsychological tests. The simulated drive included an urban section with six left turns in three 

types of scenarios: 1) a semi truck blocking the view of oncoming traffic, 2) a lead vehicle 

obstruction, and 3) a pedestrian crossing ahead of the turning driver. Results showed a mean (SD) 

of 1.46 (1.60) collisions per driver (range 0 to 7), 83% of which occurred at intersections with 

semi trucks. Far visual acuity, contrast sensitivity, UFOV, Mini Mental State Examination, Trail-

Making Test Part B, the Wisconsin Card Sort task, and age were all associated with the total 

number of collisions (Pearson correlation magnitudes between 0.37 to 0.77; p-values<0.05). 

Spearman correlations were less significant. Findings indicate that visual obstruction by on 

oncoming semi-truck is a particularly dangerous left-turn situation.

INTRODUCTION

Making a left turn at urban intersections without turn signals (unprotected intersections) can 

be dangerous, especially when there are obstructed views or pedestrians present. Nearly one 

fifth of all vehicle crashes in the United States occur during left turns across opposing 

streams of traffic (Chan et al., 2005). Impairments in vision, motor skills, and cognition are 

ubiquitous in the general population, increase with age, and may further increase the safety 

risk (Dawson et al, 2009). Older drivers are especially at risk (Chandraratna & Stamatiadis, 

2003; Gelau, 2009; Mayhew, Simpson, & Ferguson, 2006) most likely due to age-related 

perceptual, cognitive, and motor dysfunction (Kausler, 1991). Specifically, impairments 

associated with divided attention (Dewar, 2002; Hakamies-Blomqvist et al, 1996), visual 

search (Ho, Scialfa, Caird, & Graw, 2001; Maltz & Shinar, 1999), and UFOV (Ball & 

Owsley, 1991), an index of speed of processing for visual attention, may negatively affect a 

driver’s ability to detect oncoming vehicles. Consequently, we developed several challenging 
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simulated driving scenarios to study the driving safety of middle-aged and elderly drivers 

making left hand turns under challenging circumstances. The purpose of our study was to 

assess how often drivers experienced collisions, to compare specific left-turn scenario types, 

and to test the hypothesis that collisions are associated with neuropsychological factors.

METHODS

Subjects

Subjects included 16 middle aged drivers (37 to 56 years old) and 12 elderly (>70 years old). 

Elderly drivers were evenly split between being impaired and unimpaired in terms UFOV 

total score. Participants included 14 men and 14 women.

Visual and Neuropsychological Test Battery

These standardized tests were selected based on relevance to driving and brain function. 

Vision tests included near and far visual acuity (in logMAR scale, which is log base 10 of 

the Minimal Angle of Resolution) and contrast sensitivity. The neuropsychological tests 

included the UFOV (total loss summed across four subtests), Mini Mental State Examination 

(MMSE), Trail Making Test Part B (time in seconds), and the Wisconsin Card Sorting Task 

(WCST, preservative errors and categories completed). For test descriptions, see Ball et al 

(1993), Lezak, Howieson & Loring (2004), and Strauss, Sherman & Spreen (2006). Note 

that high scores indicate better function for contrast sensitivity, MMSE, and WCST 

categories completed, while high scores show impairment for the other tests. All of these test 

scores were considered as predictors, as were two demographic variables: age and driving 

frequency.

Collecting Driving Data

This study used a NADS MiniSim™, desktop-based driving simulator developed by 

National Advanced Driving Simulator (NADS) and the University of Iowa. The simulator 

had three 20” display channels, spanning a 110° front-view. We designed a drive comprising 

an urban section followed by a rural section.

The urban section contained 13 intersections, 12 of which required the driver to turn. Six 

intersections required a left turn, which were evenly divided among three scenario types. 

“Type 1: Semi” scenarios involved an oncoming semi truck that was stopped in the 

intersection, waiting to make a left turn. It was difficult for the driver to see other oncoming 

vehicles that were bypassing the truck (see Figure 1, upper panel). In “Type 2: Lead 
Vehicle” scenarios (Figure 1, middle panel), a vehicle in front of the subject was also turning 

left, obstructing the view of oncoming vehicles. If the subject followed the lead vehicle too 

closely through the intersection, instead of waiting for an unobstructed view to evaluate 

oncoming traffic, there was a high risk of a collision. In “Type 3: Pedestrian” scenarios, a 

runner crossed directly in front of the vehicle of the driver completing the left turn (Figure 1, 

lower panel). If the driver was not vigilant in checking the left screen of the simulator, there 

was a risk of colliding with the pedestrian. In all of these left turns, there were no green 

arrows to assign right of way for a turning vehicle.
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Ambient traffic, background pedestrians, and police patrol cars were included in all 

scenarios to increase scenario complexity and reality. Subjects were instructed to drive as 

they would in the real world and to follow the rules of the road, e.g., obeying speed limits, 

yielding to pedestrians and other vehicles, etc. The entire drive generally took 25–30 

minutes (15–20 minutes for urban driving), not including two or three brief practice 

segments before the official drive to help subjects adapt to the simulator. The subjects were 

allowed a 3–5 minute break between the urban and rural section, if requested.

Statistical Analysis

Descriptive statistics (mean, SD, minimum, median, and maximum) of neuropsychological 

variables were calculated, and the number of collisions was calculated for each scenario 

type, as well as for the entire drive. The Wilcoxon Signed-Rank test was used for comparing 

the number of crashes across the three scenario types. Pearson and Spearman correlations 

were calculated for predicting total collisions using demographics, visual, and 

neuropsychological variables. For additional insight, scatter plots were created, with linear 

regression fits and confidence bands superimposed.

RESULTS

Table 1 displays the descriptive statistics of the demographics and neuropsychological 

predictors (cognitive and vision tests). For the entire drive, the mean (SD) of collisions per 

driver was 1.46 (1.60), with range 0 to 7. Eighty-three percent of the collisions occurred 

during the Type 1: Semi intersections, where the mean (SD) was 1.21 (1.17), with range 0 to 

7. The rate of collisions in Type 1: Semi intersections was higher than in the other two left-

turn scenarios (p<0.0001 in both cases), where no collisions occurred.

Results showed that age, far visual acuity, contrast sensitivity, UFOV, MMSE, Trail-Making 

Test Part B, and the Wisconsin Card Sort task were all associated with the total number of 

collisions (Pearson correlation magnitudes between 0.37 to 0.77; p-values ranging from 

0.0489 to <0.0001). Spearman correlations tended to be lower and less significant. In 

particular, MMSE was no longer even close to significant (p=0.2592), while age and contrast 

sensitivity decreased to near-significance (p=0.0848 and 0.0679, respectively). See Table 2 

for details. Note that all significant and near-significant correlations were in the anticipated 

direction (i.e., worse scores being associated with more crashes).

The reason for the discrepancies can be seen in Figure 2, which shows how MMSE and 

WCST perseverative errors relate to crashes. One subject had extreme values of collisions 

(with 7), MMSE (27), and WCST errors (49). The Spearman approach down-weights that 

data, rendering MMSE a non-significant predictor of crashes and WCST errors less 

statistically significant.

DISCUSSION

In this study of middle aged and elder drivers, we found that having an oncoming semi truck 

obstructing the view of oncoming traffic was particularly hazardous. By contrast, the lead 
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vehicle scenario did not trigger driver tailgating behavior to increase the risk of crashes into 

oncoming traffic. Similarly, the drivers could avoid the running pedestrian in all cases. 

Several neuropsychological scores were associated with total number of crashes, but some of 

the significance was due to one driver with impairments in multiple domains who had seven 

crashes.

Older drivers may be at higher risk during left turns because they make poor judgments in 

selecting appropriate time gaps (Andersen & Enriquez, 2006). They typically choose only 

large gaps or wait for traffic to clear entirely to compensate for difficulties they have in 

estimating the speed and distance of oncoming traffic (e.g. Caird & Hancock, 2002; Skaar, 

Rizzo, & Stierman, 2003). In our scenarios, where views were obstructed and the traffic was 

non-stop, this strategy was not an accessible option. Many drivers waited for an extended 

period of time and then eventually turned into an unsafe gap between oncoming vehicles. 

This resulted in imperfect and erratic turns. The ability to avoid collisions with the 

pedestrian may reflect greater emotional valence and greater signal value of a moving 

human target. Our simulated scenarios were developed and calibrated to have a high 

probability of collisions. Hence, our results do not imply that drivers are likely to crash 

several times in a 30-minute drive in the real world. Also, we acknowledge that drivers can 

behave differently in a simulator where no injury can occur.

In future analyses, we plan to investigate the kinematics of the left hand turns, based on the 

electronic data from the simulator. From these future analyses, we hope to gain an 

understanding of left turns that resulted in collisions, as well as those that did not. The 

emerging findings may inform the development and settings of in-vehicle safety systems, 

including alerting and warning signals, and communication systems (e.g., vehicle to vehicle 

and driver to driver) for improving the situation awareness, turn-taking, and conflict 

resolution among drivers at intersections.
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Figure 1. 
Views of the Three Scenario Types. From Top to Bottom, Type 1: Semi, Type 2: Lead 

Vehicle, and Type 3: Pedestrian
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Figure 2. 
Scatter plots, linear fit, and 95% confident bands of MMSE and WCST predicting total 

collisions
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Table 1

Descriptive Statistics of Demographics, Vision, and Neuropsychological Predictors

Variable N Mean±standard deviation Minimum, Median, Maximum

Demographics

  Age (years) 28 59.75±16.92 37.00, 53.00, 88.00

  Driving frequency (days/wk) 28 5.86±1.46 2.00, 6.50, 7.00

Vision tests

  Near Visual Acuity (logMAR scale) 28 0.05±0.07 0.00, 0.01, 0.22

  Far Visual Acuity (logMAR scale) 28 0.01±0.16 −0.18, 0.00, 0.32

  Contrast sensitivity 28 1.64±0.22 0.90, 1.70, 1.95

Neuropsychological tests

  UFOV total loss 28 444.46±299.31 145.00, 352.00, 1516.00

  MMSE 28 29.54±0.74 27.00, 30.00, 30.00

  Trail-Making Test Part B (sec) 28 72.02±31.38 36.87, 64.66, 161.25

  WCST (perseverative errors) 27 9.26±8.99 4.00, 6.00, 49.00

  WCST (categories completed) 27 5.67±1.07 1.00, 6.00, 6.00
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Table 2

Correlations (and P-Values) Between Predictors and Total Collisions

Predictor Variable Pearson Spearman

Demographics

  Age (years) 0.37 (0.0489) 0.33 (0.0848)

  Driving frequency (days/wk) 0.06 (0.7567) 0.16 (0.4211)

Vision tests

  Near Visual Acuity (logMAR scale) −0.06 (0.7456) −0.09 (0.6555)

  Far Visual Acuity (logMAR scale) 0.40 (0.0331) 0.38 (0.0448)

  Contrast sensitivity −0.47 (0.0118) −0.35 (0.0679)

Neuropsychological tests

  UFOV total loss 0.47 (0.0121) 0.38 (0.0457)

  MMSE −0.53 (0.0039) −0.22 (0.2592)

  Trail-Making Test Part B (sec) 0.64 (0.0002) 0.40 (0.0333)

  WCST (perseverative errors) 0.77 (<0.0001) 0.42 (0.0277)

  WCST (categories completed) −0.72 (<0.0001) −0.39 (0.0460)
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