











TABLE 23 Summary of Visual Cues and Recommendations for Improvements

Extra width for right-turn lanes, medial
separators, and paved shoulders may
confuse minor road approach drivers’ idea
of where the through cross traffic lane
edge is located

If there is separate right turn lane on the
major road to the left of the driver stopped
on the approach, include a right-turn
painted arrow in the right-turn lane in clear
view of the stopped driver to enable
recognition of the purpose for extra paved
lanes. Minimize paved shoulder width on
the right-turn lane.

It is necessary for the driver of a stopped
vehicle on the minor road approach to
appropriately judge the position of the
major road through cross traffic lane edge
to feel safe when the vehicle is at rest.
Concrete pavement on a sunny day reflects
light which diminishes the ability to discern
lane lines, added lanes, medial separators
and shoulders. Any acceptable method to
better delineate these features for what
they are is recommended.

MUTCD
Section
3B-19

The raised median nose must be at leasta
shoulder's width from the through cross
traffic edge of pavement and therefore
may indicate that moving closer to the lane
edge is inappropriate.

The end of the median nose closest to the
major road should be 2 ft beyond the dual
posts of the STOP sign (18 ft from the
through cross traffic lane edge).

It is important that the left STOP sign
posts, median nose end and stop bar are
all in the same position to redundantly
remind the driver to stop where it is
desirable for the given situation. Locating
a raised median nose 18 ft from the
through cross traffic lane edge should not
violate AASHTO guidelines for clear
shoulder widths along roadways.

2004
AASHTO
Green
Book,
pages
312-315

Desirable stopping position is not adjacent
to left-side STOP sign post position on
approach.

The left STOP sign should be positioned
exactly where the desirable vehicle
stopping position is located since the sign
itself will be readily visible on the driver's
side of the vehicle, at the driver’s eye
height and above. This position is 20 ft
from the through cross traffic lane edge.

It is most critical that the driver in the
through/left lane position the vehicle
properly, since this particular movement is
of the lowest priority in the intersection
traffic movement hierarchy. The right-
turning driver will likely angle the vehicle
slightly and roll forward while assessing
traffic gaps from the left.

2000
HCM
Page 17-4

MUTCD
Figure
24-2,
page 2A-10

Through/left/right drivers on the minor
road may be influenced by confusien of the
exact location of the through cross traffic
lane edge since the pavement surfacing is
all one color.

The though cross traffic lane edge should
be delineated by an alternate white/black
dotted line. The black dot alternate is for
situations with concrete pavement and
added auxiliary lanes where it is difficult to
judge the lane edge.

As mentioned in Issue 4, it is necessary for
the driver of a stopped vehicle on the
minor road approach to appropriately
judge the position of the major road
through cross traffic lane edge to feel safe
when the vehicle is at rest. Adding the
pavement marking delineation is intended
to avoid confusion of visualizing the lane
edge correctly.

MUTCD
Section
3B.06,
38.008,
pages
3B-16
to 3B-19
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APPENDIX 1: Recording Events, Battery Specifications and Recording
Apparatus Setup Instructions

Recording Events
Table 8: Hwy 2 and 148t St. Before

Date: Times:
July 31: 7:15:00-10:30:00
July 31: 11:00:00-18:00:00

AUG 01: 6:00:00-7:00:44

AUG 01: 11:41:53-18:00:00
AUG 04: 12:08:54-18:00:00
AUG 05: 6:00:00-9:50:39

AUG 05: 12:16:28-18:00:00
AUG 06: 11:12:58-18:00:00
AUG 07: 11:00:00-18:00:00

Table 9: Hwy 2 and 148th St. After

Date: Times:
AUG 25: 6:00:00-10:30:00
AUG 25: 11:00:00-16:49:17
AUG 26: 6:00:01-10:30:00
AUG 26: 11:00:00-14:49:56
AUG 27: 6:00:01-10:30:00
AUG 27: 11:00:00-18:00:00
AUG 28: 6:00:00-10:30:00
AUG 28: 11:00:00-18:00:00
AUG 29: 6:00:00-10:30:00
AUG 29: 11:00:00-16:21:18

Table 10: Hwy 2 and 148t St. Extended Study

Date: Times:
Sept 15: 6:00:01 — 18:00:00
Sept 16: 6:00:01 — 15:21:12
Sept 16: 16:09:47 —16:21:17
Sept 16: 17:37:14 — 17:45:40
Sept 17: 6:00:01 — 17:32:59
Sept 18: 6:00:00-12:28:54
Sept 18: 14:08:18 — 14:22:00
Sept 18: 14:40:40 — 18:00:00
Sept 19: 6:27:03 — 6:39:41
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Sept 19:

7:27:50 —-7:37:21

Sept 19:

8:47:58 — 18:00:00

Table 11: Hwy 77 and Hwy 41 Before

Date: Times:
OCT 28: 6:00:00-18:00:00
OCT 29: 6:00:00-18:00:00
OCT 30: 6:00:01-18:00:00
OCT 31: 6:00:01-17:59:59
NOV 03: 6:00:00-17:59:59

Table 12: Hwy 77 and Hwy 41 After

Date: Times:
NOV 17: 10:28:38-18:00:00
NOV 18: 10:53:33-18:00:00
NOV 19: 6:00:00-10:11:16
NOV 20: 6:00:01-18:00:00
NOV 21: 9:39:44-18:00:00

Table 13: Hwy 77 and Hwy 41 Extended Study

Date: Times:
Dec 04: 10:46:11-18:00:00
Dec 05: 10:51:10-18:00:00
Dec 08: 9:00:53-18:00:00
Dec 09: 11:45:43-18:00:00
Dec 10: 9:22:55-18:00:00
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APPENDIX 2: SPSS Output

Hwy 2 and 148™ St. Output

Regression

Variables Entered/Removed

Variables

Removed Method

.|Enter

Model [Variables Entered

1 ORTL vehicle
present, Minor
vehicle type 1,
Extended Study,
Stop Duration
(sec), Minor
vehicle type 3%

a. All requested variables entered.
Model Summary

Std. Error of the
Model R R Square Estimate

1 .145% .021 6.4028937

a. Predictors: (Constant), ORTL vehicle present, Minor vehicle type 1,
Extended Study, Stop Duration (sec), Minor vehicle type 3

ANOVA”®
Model Sum of Squares df Mean Square F Sig.
1 Regression 2391.728 5 478.346 11.668 .000%
Residual 110733.027 2701 40.997|  Ferit
Total 113124.754 2706 2217

a. Predictors: (Constant), ORTL vehicle present, Minor vehicle type 1, Extended Study, Stop Duration

(sec), Minor vehicle type 3
b. Dependent Variable: Stop Distance From Through Lane (ft)

Coefficients?®

Model B Std. Error t Sig.

1 (Constant) 17.115 .249 68.759 .000]
Extended Study -797 .261 -3.055 .002
Minor vehicle type 1 -.871 .279 -3.122 .002
Minor vehicle type 3 .802 .335 2.390 .017
Stop Duration (sec) -.038 .009 -4.044 .000]
ORTL vehicle present -.702 .312 -2.249 .025
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Variables Entered/Removed

Model

Variables Entered

Variables
Removed

Method

ORTL vehicle
present, Minor
vehicle type 1,
Extended Study,
Stop Duration
(sec), Minor
vehicle type 3°

.|Enter

a.

Dependent Variable: Stop Distance From Through Lane (ft)

s 4]
o
=]
L
°
o 2
o
°
N
To
s =
€3
S o
(%)
c
)
a A
o 4
S
(=]
& o o
-6
I | | I
-2 0 2 4
Regression Standardized Residual
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .053 2707 .000 975 2707 .000]
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Normal Q-Q Plot of Studentized Residual

Expected Normal
o
1

-2

e

1 T
-2 0

Observed Value

Lack of Fit Tests

Dependent Variable:Stop Distance From Through Lane (ft)

Source Sum of Squares df Mean Square F Sig.
Lack of Fit 23326.925 537 43.439 1.075 .138
Model Summary®
Std. Error of the
Model R R Square Estimate Durbin-Watson
1 .145% .021 6.4028937 1.891

a. Predictors: (Constant), Extended Study, Minor vehicle type 3, ORTL vehicle present,
Stop Duration (sec), Minor vehicle type 1

b. Dependent Variable: Stop Distance From Through Lane (ft)
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Hwy 2 and 148" St. Outliers Removed Output

Casewise Diagnostics®

Stop Distance

104

Case From Through

Number] Std. Residual Lane (ft) Predicted Value Residual

13 -2.007 4.5007 17.353190 -12.8524789
37 2.024 28.6700 15.712674 12.9573417
53 -2.323 4258 15.299517 -14.8737240
56 3.387 36.3001 14.610303 21.6897645
57 2.394 33.1701 17.841466 15.3286305
64 2.774 33.6303 15.868214 17.7621206
71 2.291 32.0201 17.353190 14.6669365
81 2.547 32.4800 16.168692 16.3113146
83 2.385 32.2500 16.977593 15.2724458
92 2.655 33.1701 16.168692 17.0014049
101 2.000 30.2712 17.465869 12.8053351
120 2.882 34.3209 15.868214 18.4526966
122 2.042 30.0410 16.964453 13.0765056
143 2.685 33.4002 16.206251 17.1939643
148 2.042 29.8107 16.739095 13.0715759
150 2.034 26.9200 13.896669 13.0233331
205 2.273 30.9522 16.401058 14.5511539
228 2.645 32.7100 15.775683 16.9343188
238 2.368 30.5016 15.342378 15.1591972
273 -2.224 3.4509 17.691227 -14.2402998
274 -2.165 2.1258 15.987901 -13.8621306
279 2.232 31.1827 16.889334 14.2933618
305 2.618 32.4800 15.717975 16.7620310
411 2.497 32.2500 16.262930 15.9871091
413 3.428 37.2300 15.279370 21.9506788
435 2.701 32.7100 15.417498 17.2925039
438 2.550 34.0907 17.766347 16.3243633
443 2.690 33.1701 15.943333 17.2267631
444 2.219 30.0410 15.830654 14.2103044
451 2.539 32.0201 15.762543 16.2575836
498 2.877 34.5512 16.131132 18.4200852
499 3.211 36.3001 15.738123 20.5619445
598 2.304 31.6436 16.889334 14.7543070
601 2.055 28.4400 15.279370 13.1606305
650 2.272 30.7219 16.175700 14.5461819
666 3.517 40.2832 17.766347 22.5168819
687 3.175 37.4601 17.127832 20.3323017
712 3.599 39.1015 16.056012 23.0454658
751 -2.007 4.5007 17.353190 -12.8524789
764 2.060 30.0410 16.851774 13.1891847
806 2.913 33.6303 14.978892 18.6514426
823 -2.278 .0000 14.585883 -14.5858831
872 3.498 38.8712 16.476177 22.3949806




903

908

915

922

932

946

955

972

998

1024
1044
1054
1056
1058
1065
1070
1090
1103
1158
1170
1179
1189
1208
1224
1238
1272
1277
1280
1294
1311
1358
1396
1422
1444
1457
1466
1489
1506
1583
1588
1616
1648
1653
1707
1715
1717
1757
1770

-2.376
2.239
-2.282
2.105
2.790
2.277
2.864
2.883
-2.181
-2.387
2.107
2.649
3.504
3.277
2.260
2.584
2.440
2.136
2.432
3.276
-2.276
-2.292
2.261
2.633
2.907
2.200
2.112
2.394
2.978
2.129
2.536
2.422
2491
2.352
2.113
2.044
2.946
2.261
2.460
2.363
2915
2.983
2.041
2.535
-2.009
2.136
2.677
2.008

2.5515
30.5016
.8500
28.2200
34.0907
31.1827
34.3209
33.8005
2.1258
.8500
28.4400
32.2809
37.2615
36.8500
30.6409
32.4900
32.2500
29.7321
33.4103
37.7903
2.9333
1.7280
31.3303
32.9501
34.0417
30.6409
30.4111
32.0200
36.6100
20.7321
34.0417
30.8706
32.9501
30.4111
31.3303
29.9617
35.4403
32.0200
28.4000
32.0200
34.0417
34.7410
30.8706
33.5824
1.5381
30.1914
34.0417
29.3204

17.766347
16.168692
15.462065
14.741423
16.225370
16.601996
15.980893
15.342378
16.093572
16.131132
14.948340
15.316929
14.828653
15.868214
16.168692
15.943333
16.626416
16.056012
17.841466
16.814214
17.503429
16.401058
16.851774
16.093572
15.429608
16.551296
16.889334
16.689226
17.540988
16.100580
17.803906
15.361497
17.002013
15.354489
17.803906
16.877025
16.576547
17.540988
12.650191
16.889334
15.379938
15.642856
17.803906
17.353190
14.403386
16.513737
16.902474
16.463868
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-15.2147981
14.3328838
-14.6120653
13.4785929
17.8653399
14.5806995
18.3400175
18.4581011
-13.9678017
-15.2811318
13.4916597
16.9639289
22.4328135
20.9817983
14.4721717
16.5466728
15.6235857
13.6760477
15.5688273
20.9761244
-14.5700859
-14.6730241
14.4785387
16.8565250
18.6120896
14.0895668
13.5217777
15.3307988
19.0690116
13.6314800
16.2377916
15.5091510
15.9480843
15.0566225
13.5264065
13.0846843
18.8637704
14.4790365
15.7498374
15.1306912
18.6617601
19.0981934
13.0667416
16.2291923
-12.8653351
13.6776560
17.1392244
12.8565686




1773
1782
1797
1824
1832
1857
1860
1872
1958
1966
1974
1976
1978
2009
2070
2078
2197
2201
2260
2266
2283
2286
2294
2301
2371
2392
2445
2465
2476
2482
2487
2502
2506
2507
2534
2535
2544
2554
2558
2585
2697

2.508
-2.191
2.252
2.170
2.121
2.377
2.396
-2.015
2.388
3.289
2.833
2.372
2.111
2.034
2.301
2.190
-2.068
2.656
2.989
2.312
2.518
3.131
-2.109
2.815
2.127
-2.254
2.271
2.137
2.942
2.030
-2.197
2.319
3.321
2.859
2.388
2.465
2.229
2.847
2.536
2.847
-2.127

32.9501
3.5504
31.3902
28.9304
27.8400
30.4809
30.7107
2.2475
31.1603
37.2902
33.2103
28.7302
28.9603
28.2800
30.7107
28.2800
3.2430
32.7601
34.5109
30.7107
32.9802
34.7406
2.6400
34.2811
27.8400
1.2827
30.4809
290.8117
34.0601
28.7302
.8884
30.0314
36.8201
33.6020
32.0700
31.8402
29.8117
34.5101
31.1603
34.5109
2.2475

16.889334
17.578548
16.969482
15.033789
14.257146
15.259147
15.371827
15.146468
15867111
16.230398
15.071349
13.543512
15.441645
15.259147
15.979790
14.257146
16.481206
15.754432
15.371827
15.904670
16.856803
14.695752
16.143168
16.255847
14.219587
15.716872
15.942230
16.130028
15.221588
15.730012
14.958670
15.184028
15.554324
15.296707
16.781683
16.054909
15.541184
16.280267
14.921110
16.280267
15.867111

16.0607634
-14.0281960
14.4206776
13.8966531
13.5828698
15.2217203
15.3388247
-12.8989587
15.2931606
21.0598282
18.1389461
15.1866619
13.5186470
13.0208808
14.7308615
14.0228819
-13.2381823
17.0056662
19.1390790
14.8059809
16.1233809
20.0448827
-13.5031305
18.0252961
13.6204295
-14.4342183
14.5386378
13.6816890
18.8384841
13.0001624
-14.0702443
14.8473721
21.2657426
18.3053300
15.2883184
15.7852479
14.2705334
18.2298776
16.2391610
18.2306383
-13.6196009

a. Dependent Variable: Stop Distance From Through Lane (ft)
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Tests of Normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .046 2539 .000 .983 2539 .000}

Normal Q-Q Plot of Studentized Residual

4

0

Expected Normal

-2

-4

Observed Value
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Hwy 77 and Hwy 41 Output

Regression
Variables Entered/Removed
Variables
Model [Variables Entered Removed Method
1 Stop Duration .|Enter

Minor vehicle
type 2°

(sec), Monday,

a. All requested variables entered.

Model Summary

Std. Error of the
Model R R Square Estimate
1 .194° .038 8.6416650]
ANOVA"
Model Sum of Squares df Mean Square F Sig.
1 Regression 2525.762 3 841.921 11.274 .000%
Residual 64746.151 867 74.678| Ferit
Total 67271.913 870 2.615
a. Predictors: (Constant), Stop Duration (sec), Monday, Minor vehicle type 2
b. Dependent Variable: Stop Distance From Through Lane (ft)
Coefficients®
Model B Std. Error t Sig.
1 (Constant) 18.013 492 36.597 .000
Monday 1.532 772 1.985 .047
Minor vehicle type 2 1.892 .672 2.817 .005
Stop Duration (sec) -.090 .022 -4.108 .000

a. Dependent Variable: Stop Distance From Through Lane (ft)
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Normal Q-Q Plot of Studentized Residual

4
o]
E
[¢]
4
°
Q 0
o
<u
o
X
w
-2
_4
T T T T
-2 0 2 4
Tests of‘l\iormality- o
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .044 871 .000 .986 871 .000}
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Scatterplot

Dependent Variable: Stop Distance From Through Lane (ft)

°
o
et
L
°
o
S
o
o
o
N 07
©
£s

S
§ >
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Regression Standardized Residual
Model Summary®
Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-Watson
1 .194% .038 .034 8.6416650 2.104

a. Predictors: (Constant), Stop Duration (sec), Monday, Minor vehicle type 2
b. Dependent Variable: Stop Distance From Through Lane (ft)

Lack of Fit Tests
Dependent Variable:Stop Distance From Through Lane (ft)

Source Sum of Squares df Mean Square F Sig.

Lack of Fit 8509.827 146 58.286 747 .985
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Hwy 77 and Hwy 41 Outliers Removed Output

Casewise Diagnostics®

Stop Distance

a. Dependent Variable: Stop Distance From Through Lane (ft)

111

Case From Through

Number] Std. Residual Lane (ft) Predicted Value Residual

18 2.364 37.9000 17.470912 20.4290898
98 2.188 36.2900 17.380617 18.9093845
103 2117 34.6800 16.387376 18.2926254
112 -2.047 1.4900 19.182789 -17.6927556
131 2.437 37.9000 16.838849 21.0611522
144 2.140 35.6000 17.109733 18.4902684
168 -2.089 1.4900 19.543968 -18.0539340
211 2.225 36.5200 17.290322 19.2296791
270 2.075 34.6800 16.748555 17.9314469
284 2.083 35.8300 17.832090 17.9979114
293 2.055 37.2100 19.453673 17.7563284
319 2.282 36.2900 16.567965 19.7220361
330 2,519 39.0600 17.290322 21.7696790
376 2.761 43.2200 19.363378 23.8566228
386 2.474 41.8200 20.443560 21.3764416
390 2.043 36.7500 19.092860 17.6571409
397 2.051 31.2200 13.494594 17.7254078
437 2.133 39.0600 20.624149 18.4358512
447 2.368 38.8300 18.370503 20.4594965
450 2.066 29.1800 11.327523 17.8524772
500 2.436 38.6100 17.561206 21.0487939
506 2.008 36.8100 19.453673 17.3563270
513 2.004 34.3400 17.019438 17.3205616
600 2421 37.9400 17.019438 20.9205616
611 2.841 41.3000 16.748555 24.5514455
625 2.629 40.1900 17.470912 22.7190885
669 -2.096 1.3400 19.453673 -18.1136730
681 2.820 42.2000 17.832090 24.3679100
702 2.555 39.2801 17.200028 22.0800347
721 2.061 35.4601 17.651501 17.8085683
740 2.496 40.3001 18.731316 21.5687448
768 2.107 39.2801 21.075622 18.2044404
798 3.062 45.6401 19.183155 26.4568986
806 3.453 49.2000 19.363744 29.8363054
825 2.492 39.2801 17.741795 21.5382670
849 -2.162 .8628 19.543968 -18.6811235




Tests of Normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .040 827 .004 .987 827 .000}

Normal Q-Q Plot of Studentized Residual
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APPENDIX 3: Data Transformations

148™ and Hwy 2

Square Root Transform

Tests of Normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .018 2707 .046 .997 2707 .000}
Normal Q-Q Plot of Studentized Residual
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Observed Value
Natural Log Transform
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .037 2707 .000 .969 2707 .000}
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MNormal Q-Q Plot of Studentized Residual
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Log base 10 Transform
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .043 2706 .000 951 2706 .000}
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Normal Q-Q Plot of Studentized Residual
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Observed Value
Inverse Transform
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .229 2706 .000 .358 2706 .000]
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Normal Q-Q Plot of Studentized Residual
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Observed Value
Hwy 77 and Hwy 41
Square Root Transform
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Studentized Residual .234 871 .000 .699 871 .000]
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Normal Q-Q Plot of Studentized Residual
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Observed Value
Natural Log Transform
Tests of Normality
Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .262 871 .000 .601 871 .000}
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Normal Q-Q Plot of Studentized Residual
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Log Base 10 Transform
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Observed Value

Tests of Normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .262 871 .000 .601 871 .000]
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Normal Q-Q Plot of Studentized Residual

Expected Normal
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Inverse Transform

Observed Value

Tests of Normality

Kolmogorov-Smirnov Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Studentized Residual .388 871 .000 142 871 .000}
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Expected Normal

-1071

Normal Q-Q Plot of Studentized Residual
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