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1. INTRODUCTION 

The purpose of t h i s  technical memorandum is t o  update par t s  of the 

e a r l i e r  work of Marsh and Arvai concerning the relationship between t inted 

(heat-abso rbent ) windshields and accident involvement. l They analyzed the 

involvement of vehicles having t in ted  and c l ea r  windshields from the 3502 

vehicles contained i n  the computer f i l e  for  accidents reported on the CPIR 

report f o n .  Forty-two percent of the vehicles could be identified a s  

having e i ther  c lear  or  t in ted windshields, and of these 1465 vehicles, 

forty-four percent (639) were equipped with t inted windshields, The authors 

observed a s l i g h t  trend for  tinted-windshield involvement t o  increase with 

age m r e  rapidly for  nighttime accidents than fo r  daytime accidents. Their 

central  conclusion, hwever, was tha t  i t  was not possible to  i so la te  t inted 

windshields a s  e i ther  a causative or  a non-causative factor  in  the 

production of accidents. 

The work reported here includes several least-squares regression models 

applied to  three variables of the current version of the same CPIR f i l e .  

The f i l e  now contains 9222 vehicles, of which 8389 (91%) a re  known t o  be 

passenger cars of various body s tyles .  A s  i n  the ea r l i e r  work, 

relationships between t inted windshields and a number of other variables a re  

a lso of interest .  In the present study these were investigated using 

bivar ia te  contingency tables  and t e s t s  of independence on those tables. 

1 J. Marsh and E. Arvai, Tinted Windshield Involvement, Highway Safety 
Research Ins t i t u t e ,  The University of Michigan, Ann Arbor, Michigan, June 
1973. 



2. DATA SET 

The starting point of the present study is the CPIR3 file, containing 

9222 vehicles as of Update A .  This file was first filtered to include 

only those 9173 vehicles coded as having a driver in the normal driving 

position. (This condition is indicated by Code Value 44 of Variable 580, 

SEAT LOCATION, POSITION.) 

Vehicles having the necessary information about windshield color were 

obtained by recoding the alpha variable identifying windshields (Variable 

343, WINEHIELD CODE). A two-level numeric variable describing the 

windshield as either CLEAR (Level 1) or TINT (Level 2) was assigned. The 

alpha field was empty for 1.2% of the vehicles. Of the 130 alpha codes in 

the file, 40 identified clear windshields, 54 identified tinted windshields, 

and 36 were applied to windshields for which the clear-tint classification 

is unknown. Thus 4185 vehicles could be identified with respect to 

windshield color, with 2118 (50.6%) having clear windshields and 2067 

(49.4%) having tinted windshields. The distribution of the data set by the 

original alpha code and the re-coded variable is shown in Table A-1 of 

Appendix A. 

All vehicles with an unambiguous code value on the windshield-code 

variable were retained for subsequent analysis. This was done to maximize 

the number of cases in order to better find differences between clear and 

tinted windshield involvement if such existed. Ninety-two percent of these 

vehicles are passenger cars. 



3, ANALYSES 

The two primary ana ly t i ca l  t o o l s  used i n  t h i s  study were contingency 

t a b l e  ana lys i s  and least-squares regression. Both were car r ied  ou t  i n  

MIDAS, t h e  Michigan I n t e r a c t i v e  Data Analysis System res ident  on M T S  

(Michigan Terminal System). The ? W W Y  command generated t h e  b i v a r i a t e  

t a b l e s  contained i n  Appendix A, and t h e  REGRESSION command was used i n  the  

regression analyses a f t e r  t h e  da ta  had been weighted appropriately,  

Contingency Table Analysis 

Several contingency t a b l e s  were formed t o  determine whether, on a g ross  

bas is ,  t i n t e d  windshields were associated with o ther  va r i ab les  contained i n  

t h e  CPIR f i l e .  The c e n t r a l  r e s u l t  of these  explorat ions is t o  confirm t h e  

e a r l i e r  f inding t h a t  t i n t e d  windshields a re ,  i n  f a c t ,  associated with many 

o the r  vehic le  and d r i v e r  var iables ,  a f a c t  which complicates the  i n f e r e n t i a l  

process considerably. 

Representative of these  t a b l e s  is the  twoway cross-tabulat ion of 

P rec ip i t a t ion  Type (Variable 29) vs. Windshield Color (Variable 2) shown i n  

Table A-5. Cases with missing data  on e i t h e r  va r i ab le  a r e  shown under t h e  

appl icable  MISS c l a s s i f i c a t i o n ,  but  these  cases  a r e  excluded i n  a l l  

ca lcula t ions .  I n  t h i s  t ab le ,  a s  i n  a l l  of the  o the r s  i n  Appendix A,  t he  row 

and column percentages a r e  included i n  the  twoway output. Also included is 

a tabula t ion  of the  expected frequency under the  assumption t h a t  the  two 

var iables  a r e  independent. Thus the  row labeled EXPECT contains the  number 

of cases  t h a t  would be "expected" i f  the  CLEAR and TINT frequencies were 

d i s t r ibu ted  i n  t h e  same proportion a s  the  marginal d i s t r ibu t ion .  The 

MAXIMUM LIKELIHOOD and CHI-SQUARE TESTS OF INDEPENDENCE s t a t i s t i c s  a r e  given 

t o  test whether the  independence assumption holds o r  not. Both s t a t i s t i c s  

ind ica te  a non-signif icant  associa t ion  between windshield color  and 

p r e c i p i t a t i o n  type. 

Table A-3 i nd ica tes  a s i g n i f i c a n t ,  but  not p a r t i c u l a r l y  s trong,  

associa t ion  bemeen d r ive r  age and t i n t e d  windshields. A l l  of the  four 

three-year age groups under (28) contain l e s s  than 50% t i n t e d  windshields, 



while (28) and higher contain more than 50%. The windshield coloration- 

d r i v e r  age re l a t ionsh ip  is explored more f u l l y  with the  regression analyses 

given l a t e r ,  

Table A-4 shows, except f o r  the  very e a r l y  years, a s i g n i f i c a n t l y  

increasing percentage of t i n t e d  windshields among t h e  more recently 

invest igated crashes. This  is undoubtedly due t o  the  higher proportion of 

l a t e  model ca r s ,  themselves with higher percentages of t i n t e d  windshields, 

among those ca r s  invest igated i n  t h e  l a t t e r  years. 

The data  of Tables A-5 and A-6 show a non-significant associa t ion  

between t i n t e d  windshields and t h e  p rec ip i t a t ion  condit ion prevail ing a t  the  

time of t h e  accident. Table A-7, on the  o the r  hand, shows t h a t  t i n t e d  

windshields a r e  s i g n i f i c a n t l y  under-represented, i n  t h i s  accident  

population, with respect t o  t h e i r  "expected" numbers on roads judged t o  have 

been sl ippery.  The da ta  do not  provide any suggestions a s  t o  why t h i s  

should be the  case. 

No s i g n i f i c a n t  associa t ion  e x i s t s  between t i n t e d  windshields and t h e  

amount of l i g h t  prevail ing a t  the  time of the  accident.  This  is seen i n  

Table A-8, where the  4-level (day, night ,  dusk, and dawn) time-of-day 

va r i ab le  is tabulated. Fs i n  Table A-9 ( V i s i b i l i t y  Limi ta t ion) ,  however, a 

non-s igni  f i can t  t rend e x i s t s  f o r  t i n t e d  windshields t o  be under-represented 

among the  darker condit ions on both variables.  

Tables A-10, A-11, A-12, and A-14 a l l  demonstrate t h a t  the  accident 

da ta  genera l ly  a s soc ia te  i n  the  expected manner with the  o ther  va r i ab les  

found i n  t h e  tables .  More expensive ca r s  have a higher proportion of t i n t e d  

windshields, a s  do late-model c a r s  compared with e a r l i e r  years. Air- 

conditioned ca r s ,  i n  t h i s  accident  population, have 67.7% t i n t e d  windshields 

compared t o  18.7% among non-air-conditioned cars .  

Variables 338 and 339 i n  the  CPIR  f i l e  record whether t h e  accident  

vehic le  sustained windshield damage during t h e  accident  sequence. I t  is 

seen, from Tables A-14 and A-15, t h a t  t i n t e d  windshields a r e  sonewhat, 

although not  s i g n i f i c a n t l y  so, over-represented among cracked and broken 

windshields. 

Tables A-17 and A-18 a l s o  show t h a t ,  a t  l e a s t  among these  accident  

da ta ,  d r ive r s  of c a r s  with t i n t e d  windshields d i f f e r  from d r i v e r s  of c a r s  



with c l e a r  windshields. With respect  t o  occupation, i t  is seen t h a t  60.5% 

of the  white-collar,  accident-involved population had t i n t e d  windshields, 

whereas 39.3% of t h e  blue-collar population was so  equipped. Persons i n  

se rv ice  occupations, housewifes, s tudents ,  mi l i t a ry  personnel, and r e t i r e d  

persons a l l  had g rea te r  than 50% t i n t e d  windshields, but farm workers and 

the  unemployed joined t h e  blue-collar workers i n  t h e  under-50% category. 

Table A-18 c ross  tabula tes  the  CLEAR and TINT windshields with the  

accident  inves t iga to r ' s  assessment of r e spons ib i l i ty  f o r  t h e  accident.  

Drivers of c a r s  judged t o  be , the  most responsible f o r  t h e  accident  have 

somewhat l e s s  than ha l f  t i n t e d  windshields, whereas t h e  second-most 

responsible d r ive r s  have somewhat over half  t i n t e d  windshields. 

Comparison - of Accident - and Production Data - 
This sec t ion  compares t h e  tinted-windshield percentages among these  

accident  vehic les  with the  tinted-windshield percentage among U .S .-produced 

ca r s  of recent  years. The data  a r e  presented i n  Table 3 ,  The accident  da ta  

a r e  from Table A-12, and t h e  production data  a r e  from Ward's Automotive 

Remrts. 

Clear ly  vehic les  with t i n t e d  windshields appear much less frequently- 

and highly s i g n i f i c a n t l y  so,  from a s t a t i s t i c a l  perspective-than the  

production da ta  suggest should be the  case. The d i f ferences  between the  two 

sets of f igures  range from over 30% t o  a minimum of 13%. Rather than t o  

support the  claim t h a t  t in t ed  windshields i n  f a c t  prevent accidents ,  the  

percentage d i f ferences  of t h i s  s i z e  merely h ighl ight  the  methodological 

d i f f i c u l t i e s  inherent  i n  t h i s  study: good measures of  the  exposed, a t - r i sk  

driving population do not ex i s t .  The implications of t h i s  f o r  f u t u r e  

s t u d i e s  a r e  discussed l a t e r .  

The data  simply do not e x i s t  t h a t  would enable us t o  pos tu la te  and 

defend, i n  a s c i e n t i f i c  sense, a l t e r n a t i v e  explanations f o r  the  

discrepancies noted. Based on t h e  p r i o r  da ta ,  however, it seems reasonable 

t o  account f o r  t h e  l a rge  under-representation of t in t ed  windshields i n  t h i s  

accident  population compared t o  U.S. production f igures  on t h e  bas i s  of the  

kinds of people who buy and d r ive  ca r s  with t i n t e d  windshields, p a r t i c u l a r l y  

i n  t h e  e a r l i e r  years. Perhaps d r i v e r s  of  c a r s  with t in ted  windshields d r i v e  

less, on the  average, than do d r ive r s  of c a r s  with c l e a r  windshields. 



Table 1 

Comparison of Vehicles with Tinted Windshields 

1 1  Percentage 1 I CPIR3 File** 
I I 0 f I I -------- 
I I U.S. Production I I Percentage I 

Model Year 1 1  with I 1 with 1 Number 
I I Tinted 1 1 Tinted 1 o f 
I I Windshields* I I Windshields I Vehicles 

* SOURCE: Ward's Automotive Reports (Reproduced i n  MVMA 
Motor Vehicle FACTS & FIGURES, 1975 and 1978. 

** Vehicles with missing data  on the  "Windshield Code" 
va r i ab le  have been excluded. 

Perhaps they a r e  inherently more careful  d r ive r s ,  o r  they d r ive  i n  genera l ly  

more shel tered  and l e s s  h o s t i l e  environments. 

The unfortunate p a r t  of the  lack of an adequate cont ro l  group is t h a t  

t h e r e  is no way t o  test the  obvious hypothesis t h a t  t i n t e d  windshields i n  

f a c t  prevent accidents.  One would not expect t o  f ind  d i f ferences  a s  l a rge  

a s  those observed above j u s t  because of t i n t e d  windshields, but  they may 

account f o r  some p a r t  of t h e  under-representation. Further inves t iga t ion  of 

t h i s  p o s s i b i l i t y  w i l l  have t o  await subsequent, more highly cont ro l led  

s tud ies  than a r e  poss ib le  with the data  on hand. 



Regression Analyses 

The preceding sec t ion  has revealed some in te res t ing ,  but inconclusive, 

r e l a t ionsh ips  between t i n t e d  windshields and o the r  vehic le  and d r i v e r  

va r i ab les  documented i n  t h e  CPIR f i l e .  This  sec t ion  focuses on the  

r e l a t ionsh ip  between t i n t e d  windshields, age, and t h e  day-night l i g h t  

condit ion under which the  accident  occurred. 

Gi t te lsohn studied t h e  r e l a t ionsh ip  between these  va r i ab les  by 

obtaining weighted l e a s t  squares regression l i n e s  between d r i v e r  ages and 

percentage of accidents  w i t h  t i n t e d  windshields f o r  both day and night  

conditions.' He found t h a t  the  s lopes  of the  two regression l i n e s  were 

s imi la r ,  and concluded t h a t  ". . . t h e  da ta  demonstrate t h a t  the  r i s k  of 

accidents  f o r  o lder  persons dr iv ing c a r s  with heat-ahorbent  windshields a t  

n ight  is no g rea te r  than during t h e  day. I' The implicit assumption was t h a t  

o lde r  d r ive r s  would be d i f f e r e n t i a l l y  more influenced a t  n ight  when driving 

with t i n t e d  windshields than during t h e  day i f ,  i n  f a c t ,  t i n t e d  windshields 

had de le te r ious  e f f e c t s  on v i s ion  w i t h  a concomitant increase i n  r i sk .  

Fa i lu re  t o  f ind  support f o r  t h a t  hypothesis was an important p a r t  of 

Gi t t e l sohn ' s  claim t h a t  t i n t e d  windshields d id  not increase acc ident  r i s k  

among the  d r ive r s  he studied.  

The same approach is taken here,  f o r  i t  is one of the  few ways t o  

subset  t h e  accident  da ta  i n  a manner t h a t  is meaningful i n  terms of the  

phenomenon under consideration. The procedure can be thought of a s  using 

the  daytime accident  da ta  a s  a surrogate  f o r  a s u i t a b l e  cont ro l  population 

and studying t h e  performance of t h e  nighttime d r i v e r s  r e l a t i v e  t o  t h e  

cont ro ls .  To be noted is t h a t  the  same technique could be used i f  one were 

exploring t h e  h y p t h e s i s  t h a t  t i n t e d  windshields prevented dayt ime accidents  

without increasing nighttime accidents.  I t  is f u r t h e r  t h e  case  t h a t  the  

r e s u l t s  could very well appear t h e  same; an e levat ion  of t h e  nighttime r i s k  

r e l a t i v e  t o  a s t a b l e  daytime r i s k  under the  f i r s t  h y p t h e s i s  might be 

indis t inguishable  from a depressed daytime r i sk  r e l a t i v e  t o  a s t a b l e  

nighttime r i s k  under t h e  second hypothesis. 

The dependent va r i ab le  i n  each of the  severa l  regression models was the  

1 A.M. Git telsohn,  "Tinted Windshields Don't Increase Accident Risk," 
~ u t o m o t i v e  E n g i n e e r i q ,  Volume 81, Number 5, May 1973. 



percentage of accident-involved vehicles having t i n t e d  windshields. The 

independent var iables  were age of the  d r ive r  and a dichotomous, day-night 

l i g h t  variable.  

Three d i f f e r e n t  age groups were used i n  the  various regression runs. 

The single-year age groups (Variable 584) and t h e  5-,lo-year bracketed age 

groups (Variable 583) were t r i e d  i n  various regressions and were 

subsequently discarded. The single-year ages resulted i n  the  data  being too 

t h i n  i n  some of the  cells and resulted i n  l o s s  of data  when used i n  t h e  

weighted regressions. The 5-,lo-year groups p o l  t h e  data  unevenly and 

t h e i r  use is not theore t i ca l ly  sa t i s fy ing.  

Accordingly, t h e  age data  f o r  t h e  d r ive r s  were re-coded in to  3-year age 

groups, and each group was ident i f ied  by its mean age. Thus, f o r  example, 

age group 40 contains d r i v e r s  with ages of 39, 40, and 41. Two exceptions 

t o  t h i s  procedure pertain.  Age group 68 contains d r ive r s  aged 66-71 and age 

group 75 contains d r ive r s  aged 72-83. Pooling of the  age data  i n  t h i s  

manner was needed t o  d c c m d a t e  the  preferred weighted l e a s t  squares 

regressions. This procedure was judged preferable  t o  e i t h e r  discarding the  

data  fo r  a few of the  o lder  d r ive r s  o r  t o  a r b i t r a r i l y  estimating the  

variance f o r  t h e  same groups. The e n t i r e  age recode is shown i n  Table A-2. 

The d i c h o t m u s  LIGHT var iab le  was obtained by a simple re-code of t h e  

4-level TIME OF DAY (Variable 36) in to  two levels .  The d r ive r s  of 

"Unknown," "Dusk," and "Dawn" -about 7% of the  total--were excluded from 

the  analyses. 

A l l  ana ly t i ca l  worked was conducted i n  MIDAS, t h e  in te rac t ive  data  

ana lys i s  system developed and supported by t h e  Universi ty 's  S t a t i s t i c a l  

Research Laboratory. The REGRESSION command uses only those cases f o r  which 

a l l  va r i ab les  a r e  complete, t h a t  is there  a r e  no missing data  on any of the  

va r iab les  included i n  t h e  analysis .  I n  order t o  standardize the  data set 

f o r  the  various regressions and other  analyses, those cases with missing 

data  on any of t h e  age and l i g h t  var iables  were a l s o  excluded. This 

resulted i n  a da ta  set of 3929 d r ive r s  with no missing data on t h e i r  age, 

the  time of day of t h e i r  accident, o r  t h e  color ( c lea r  vs. t in ted)  of t h e i r  

veh ic le ' s  windshield. The d i s t r i b u t i o n s  of d r i v e r s  by these  th ree  var iables  

a r e  shown i n  Appendix A. Of t h e  3929 d r ive r s ,  50.3% had c l e a r  windshields 

and 49.7% had t i n t e d  windshields. Of these same dr ive r s ,  57.5% (2258) had 



the  accident  during t h e  day and 42.5% (1671) a t  night.  

Each of t h e  regressions reported i n  d e t a i l  here  used weighted l e a s t  

squares. The weight f a c t o r  f o r  each of the  c e l l s  is t h e  inverse of the  

square root  of the  estimated variance f o r  t h a t  c e l l .  For a proportion such 

a s  t h a t  used here--simply t h e  r a t i o  of the  number of t i n t e d  windshields t o  

the  sum of t h e  t i n t e d  and c l e a r  windshields-the variance is estimated by N/ 

pq; N is t h e  number of observations, p is the  proportion t i n t e d ,  and q=l-p 

is the  proportion not t i n t e d  (c l ea r )  . A consequence of t h i s  weighting 

procedure is t h a t  t h e  age groups with many d r i v e r s  and with p and q 

percentages r e l a t i v e l y  c l o s e r  t o  zero and one a r e  weighted more heavily than 

those age groups not  so  characterized.  Thus o lde r  drivers-in age groups 64 

and 68, f o r  example-are weighted less heavily than t h e i r  younger 

counterparts  i n  age groups 19 and 22. 

Summary r e s u l t s  of t h e  regression analyses a r e  presented i n  Tables 2 

and 3. Table 2 app l i e s  t o  t h e  four l i n e a r  regressions,  with weighted t i n t  

proportion the  dependent va r i ab le  and weighted 3-year age group the  

independent var iable  i n  a l l  cases. I n  Regression 1, t h e  l i g h t  va r i ab le  

(coded '1' f o r  DAY and '2' f o r  NIGHT) is omitted, whereas it is included i n  

Regression 2. I t  can be seen, however, t h a t  inclusion of the  l i g h t  va r i ab le  

did not improve t h e  f i t  appreciably and t h a t  t h e  l i g h t  var iable  coe f f i c i en t  

is not s i g n i f i c a n t l y  d i f f e r e n t  from zero. This  indica tes  t h a t  the  age-t int  

proportion re l a t ionsh ip  does not d i f f e r  from day t o  night. Further,  the  two 

age c o e f f i c i e n t s  f o r  these two regressions do not  d i f f e r  from each o ther  

s ign i f i can t ly .  

Regressions 3 and 4 a r e  s imi la r ,  but  i n  t h i s  case Regression 3 app l i e s  

t o  the  daytime accidents  and Regression 4 app l i e s  t o  t h e  nighttime 

accidents.  The l i g h t  var iable ,  of course, is not included i n  e i t h e r  of 

these. Both c o e f f i c i e n t s  of the  weighted age va r i ab le  a r e  s i g n i f i c a n t l y  

d i f f e r e n t  from zero and s i g n i f i c a n t l y  d i f f e r e n t  from each other .  I t  w i l l  be 

noted, however, t h a t  t h e  R-Square term f o r  Regression 3 (0.474) indica tes  

t h a t  a good f i t  to the  daytime data  has not been achieved. 

Accordingly, four add i t iona l  weighted l e a s t  squares regression analyses 

were conducted. This  second set of four-summarized i n  Table 3-parallels 

t h e  f i r s t  set of four except f o r  t h e  inclusion of a quadra t ic  t e n  f o r  age. 

Regressions 5 and 6 both f i t  t he  t o t a l  da ta  set well. As with t h e  1 inear  



Table 2 

Surnmary of Linear Regression Analyses 

I Regress. 1 I Regress. 2 1 1  Regress. 3 1 Regress. 4 
I --A I I- -+----------- 

I I I I I 
Light I Both I Both I I  Day I Night 

I I I I I 
Error  

Sum 
Squares 

(D.F.) 

Constant 
(S.E.) 
Signif .  

Age 
Coef f . 
(S.E.) 
Signif .  

Light 
Coef f .  
(S.E.) 
Signif .  

1 I I I I 
I I .  I I I 
I 102.51 1 101.64 1 I 43.97 1 47.31 
I (36) 1 (35) 1 1  (17) 1 (17) 
I I I I I 
I ,64609 1 .64382 1 I .47413 1 .71661 
1 (1.6874) 1 (1.7041) 1 1  (1.6084) 1 (1.6683) 
I I I I I 
I ,34659 1 .32304 1 I .38137 1 .27954 
1 (.32411 -1) I (.54027 -1) 1 1  (.40646 -1) 1 (.50875 -1) 
I .oooo I .oooo 1 I .oooo 1 .oooo 
I I I I I 
I I I I I 
I .45026 -2 I .45698 -2 I I ,33526 -2 I ,68912 -2 
1 (.87343 -3) 1 (.89055 -3) 1 1  (-10377 -2) 1 (.I4865 -2) 
I .OOOO I .OOOO I I .0049 1 .OOOO 
I I I I I 
I I I I I 
I Absent 1 (.14843 -1) I I Absent I Absent 
I Absent 1 (. 27091 -1) I 1 Absent I Absent 
I Absent I .5873 1 1 Absent I Absent 

regressions, t h e  l i g h t  coef f i c ien t ,  i n  Regression 6 ,  is not s i g n i f i c a n t l y  

d i f f e r e n t  from zero nor a r e  t h e  l i n e a r  coef f i c ien t s  of age s i g n i f i c a n t l y  

d i f f e r e n t  from each other.  Moreover, the  coef f i c ien t s  of the  quadrat ic  age 

terms do not d i f f e r  from each other  s ign i f i can t ly .  These r e s u l t s  again a r e  

consis tent  with the  hypothesis t h a t  the  age-windshield t i n t  phenomenon is 

e s s e n t i a l l y  t h e  same during t h e  day a s  during t h e  night,  

Regressions 7 and 8 i n  Table 3 a r e  analogous t o  regressions 3 and 4 of 

Table 2. Regression 7 includes the  daytime data  and Regression 8 includes 

t h e  nighttime data. I t  w i l l  f i r s t  be noted t h a t  both quadrat ic  regressions 

accomplish an appreciably b e t t e r  f i t  t o  t h e  data than do t h e i r  l i n e a r  

counterparts ,  pa r t i cu la r ly  f o r  the  daytime data  where the  R-Square has 

increased from 0.474 t o  0.611. Pair-wise comparison of the  coef f i c ien t s  of 



Table 3 

Summary of Quadratic Regression Analyses 

----------- ------ - 

I Regress. 5 I Regress. 6 1 1  Regress. 7 1 Regress. 8 
0 , - I I I-- --- 
I I I I I 

Light I Both I Both 1 I Day I Night 
I I I I I 

Error  I 1 I I I 
Sum I I .  I I I 
Squares I 79.99 1 79.48 1 I 32.04 I 41.33 

(D.F.) I (35) 1 (34) 1 I (16) 1 (16) 
I I I 1  I 

R-Square I .72830 1 .72625 1 I .61107 1 .75558 
(S.E.) 1 (1.5118) 1 (1.5289) 1 l (1.4151) 1 (1.6071) 

I I I I I 
Constant I .12680 1 .11025 1 1 .I7644 1 .09183 
(S.E .) 
Signif .  

Age 
Coef f . 

(S.E.) 
Sign i f .  

Coeff. 
of Age 
Squa red 

(S.E.) 
Signif .  

Light 
Coef f .  

(S.E.) 
Signif .  

I I 
I I 
1 -17438 -1 I 
1 (.41945 -2) 1 
1 ,0002 1 
I I 
I I 
I I 
1 -.I5892 -3 1 
1 (.SO628 -4) 1 
I .0034 1 
I I 
I I 
I Absent I 
I Absent I 
I Absent I 

I 
I 

.15213 -1 1 .18293 -1 
(.49427 -2) 1 (,76216 -2) 

.0072 1 .0289 
I 
I 
I 

-.14262 -3 1 -.14666 -3 
(.58410 -4) 1 (.96296 -4) 

.0266 1 .1473 
I 
I 

Ahsent I Absent 
Absent I Absent 
Absent I Absent 

the  l i n e a r  and quadrat ic  t e r n  now s h w s ,  contrary t o  t h e  finding with the  

l i n e a r  regressions of Table 2, non-significant d i f ferences  between the  day 

and night  t e r n .  

Another way of looking a t  the  addi t ional  explanatory power of making 

t h e  day-night s p l i t  is by comparing t h e  Error Sum of Squares of Regression 

5-79.99 with 35 degrees of freedow-with the  sum of the  Error Sum of 

Squares from Regressions 7 and 8 together. The l a t t e r  f igure  is 73.37 

(32.04 + 41.33) with 32 degrees of freedom. The di f ference  between these  



two-6.62--is i t s e l f  d i s t r i b u t e d  a s  Chi-square with th ree  degrees of 

freedom. This  is not a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f ference ,  again 

indica t ing  t h a t  the  f u r t h e r  s p l i t  of the  da ta  set in to  t h e  day-night subsets  

does not provide addi t ional  explanatory power f o r  t h e  phenomenon. 

The f i t t e d  regression models f o r  t h e  daytime and nighttime l i g h t  

condit ions,  together  with the  ac tua l  da ta  points ,  a r e  shown i n  Figures 1 and 

2. Figure 1 shows the  o r i g i n a l  da ta  points--the proportions of t i n t e d  

windshields by 3-year age group-for  the  daytime accidents ,  together  with 

the  f i t t e d  l i n e a r  and quadra t i c  models. Figure 2 repeats  these  p l o t s  f o r  

the nighttime accidents.  The apparent non-linearity i n  the  l i n e a r  f i t--and 

a l s o  the  perturbat ion i n  t h e  quadra t ic  f i t - -a t  age groups 68 and 75 a r e  t o  

be expected. I t  w i l l  be recal led  t h a t  i t  was necessary t o  pool t h e  d r ive r s  

f o r  these  two age groups f o r  a n a l y t i c  purposes, and t h e  se lec ted  age groups 

a r e  not l i n e a r  with respect  t o  t h e  younger 3-year groupings. This i n  no way 

a l t e r s  the  a n a l y t i c a l  accuracy of the  r e s u l t s ,  but t h e  v i sua l  d isplay  is 
s l i g h t l y  d i s to r t ed .  

I n  sum, weighted l e a s t  squares regression models-both 1 inear  and 

quadratic--were f i t  t o  the  proport ion of d r i v e r s  having t i n t e d  windshields 

by 3-year age groups f o r  both day and n ight  accidents.  The quadra t ic  models 

provided acceptably good f i t s  t o  the  a c t u a l  accident  data. The models show 

t h a t  t h e  proportion of d r i v e r s  having t i n t e d  windshields increases a s  age 

increases f o r  both the  daytime and nighttime accidents.  Several  d i f f e r e n t  

ways of looking a t  these  models shows t h a t  the re  a r e  no s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f ferences  between t h e  daytime and nighttime conditions. I t  is 

concluded, therefore ,  t h a t  the  da ta  do not support a hypothesis t h a t  argues 

t h a t  o lder  d r ive r s  a r e  d i f f e r e n t i a l l y  and negatively influenced when driving 

a t  n ight  with t in ted  windshields. 
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Figure 1 

Actual and F i t t e d  T i n t  Proportions: Day 
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Figure 2 

Actual and F i t t e d  T in t  Proportions vs. Age: Night 



4. DISCUSSION 

The preceding resu l t s  suggest that ,  among these CPIR data, there is 

l i t t l e  evidence t o  support e i ther  the hypothesis t ha t  t in ted windshields 

cause accidents o r  the  hypothesis tha t  they prevent them. I t  would be 

desirable,  of course, i f  the conclusions could be f a r  more def in i t ive  and 

l e s s  quali f ied. 

The application of s t a t i s t i c a l  techniques t o  these s o r t s  of technical 

issues is appropriate, but a minimum of three conditions must be met so tha t  

sound inferences can be drawn. F i r s t ,  the accident data must be sampled 

correctly so tha t  inferences a r e  not limited t o  jus t  the population under 

study. Second, the  missing-data ra te  on the variables of in te res t  within 

the accident sample must be negligibly small. Third, an adequate 

description of the at-risk population from which the accident sample is 

taken must be available so t h a t  the  necessary comparisons can be made 

between accident and control samples. 

None of these conditions is met in  the present case. The CPIR data 

were obtained from a wide var ie ty  of locations and times by many d i f fe ren t  

investigators. The accidents selected fo r  investigation were frequently 

interesting but f a r  from typical ,  such a s  extensive property-damage 

accidents accompanied by l i t t l e  personal injury, o r  much personal injury 

w i t h  l i t t l e  property damage. The net resu l t  is tha t  i t  is most hazardous to  

generalize findings from t h i s  data s e t  beyond the limits of the data s e t  

i t s e l f ,  par t icular ly  w i t h  respect t o  subt le  influences such a s  tha t  under 

consideration here. 

Given the lack of representativeness of the accident data, the missing- 

data issue on the variables under study is of l i t t l e  pract ical  consequence. 

For the sake of completeness, hcwever, it can be seen, from Table A-12, tha t  

the missing-data frequencies exceed those for  the combined CLEAR and TINT 

categories for  the 1971 model year and ear l ie r .  As l a t e  a s  the 1976 model 

year, the missing-data cases comprise some 27%-37 of the 136-vehicles. 

Wether a bias  ex i s t s  on the windshield color variable fo r  the  missing-data 

vehicles is unknown, of course. But it is reasonable t o  speculate tha t  



windshield information is l ike ly  t o  be missing i n  the more serious crashes 

where post-accident investigations a r e  l e s s  productive. From other s tudies  

it is known t ha t  accident severity is associated with such pre-crash factors 

a s  speeding, alcohol consumption, and the like. I t  is not unlikely, 

therefore, t ha t  a bias created by incomplete reporting could ex i s t ,  and t h i s  

e f fec t  could be larger  than e i ther  the posit ive o r  negative e f fec t s  caused 

by t inted windshields. 

For these reasons, and the lack of a sui table  control group a s  noted 

ea r l i e r ,  inferences from t h i s  study must be guarded. The resu l t s  of other 

studies,  whether they claim t o  es tabl ish tha t  t inted windshields cause 

accidents or  prevent them, should a l so  be questioned i n  l i g h t  of the 

soundness of the underlying research methodologies. 



5. SUMMARY AND CONCLUSIONS 

The CPIR3 data s e t  was examined for evidence tha t  would indicate how 

t inted windshields a re  related t o  accident occurrence. I t  was found tha t  

t in ted windshields a re  associated with a variety of other vehicular and 

dr iver  variables, some of which a re  a lso believed t o  influence the risk of a 

crash. Because of these uncontrolled confounding variables, and because of 

methodological l imitations d i rec t ly  associated with the CPIR f i l e ,  it is not 

possible t o  i so la te  the influence of t in t ing  i n  accident causation or 

occurrence. Failure t o  find an e f fec t  one way or  the  other,  although f a r  

from conclusive, cer ta inly suggests t ha t  whatever e f fec t s  e x i s t  a re  small. 

A well designed and well executed study, with great  a t tent ion t o  

methodological rigor, is needed i f  the e f f ec t s  of t inted windshields in  

causing or  preventing accidents a r e  t o  be determined with confidence. Such 

a study might be undertaken a s  a special  study within the framework of the 

National Accident Sampling System. 
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2. 4.ACE 
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TEST'S OF I N O E P E N D L N C E  S T A T I S T l C  S I G N I F  O F =  18 N =  4 1 8 0  

M A X 1  q J M  L I K E L I H O O D  131.06 0 .  C R A Y E R  ' S  P H I  = -1762  
C H I - S Q U A R E  129.76 0 . C O N T I N G E N C Y  C O E F F -  .1735 



7kOWAY CROSS-TARULATI  ON TABLE A-4 

2. 9.CRASH YR 
COLOR M 1 SS 14)  I671  (68)  169) ( 7 0 )  171)  ( 7 2 1  I731  ( 7 4 )  175) ( 76 )  ( 7 7 )  

N= 4159 
TOTAL- 9173 26 1 0 1 106 335 852 908 849 509 370 178 5 0 
ROW$ . 0 -0 2- 5 8.1 20.5 21.8 20-4 12.2 8.9 4.3 1.2 
CULL 

M I S S  4728 260 0 45 178 334 631  943 1013 788 42 1 24 3 102 3 0 
EXPECT 

ROHK 
C O L T  

CLEAR 2115 3 
EXPECT 

ROHZ 
COLK 50.9 

T I N T  2044 2 3 1 0 0 6 9 184 370 385 419 25 1 209 12 1 3 5 
EXPEC T 0 0 0 5 2 165 419 446 4 17 250 182 87 2 5 

R O H f  - 0  3 .4  9.0 1 8 - 1  18-8  20.5 12.3 10.2 5.9 1.7 
C O L Z  49.1 100.0 65.1 54.9 43.4 42.4 49.4 49-3 56-5 65.0 70-0  

TESTS OF INDEPENDENCE S T A T I S r I C  S I G N I F  OF= LO N= 4159 

MAXIMUM L I K F L I t I O O t 3  88.696 .0000 CRAMER'S P H I -  , 1445 
C H I  -SQUARE 86 -898 -0000 CONTINGENCY C O E F F =  ,1431 





2. 30.PRECR4TE 
CCLOK M I S S  N.A- L I G H T  MODERT HEAVY 

I S  4 6 5 8  3 3 0  3 9 4 1  4 2 4  1 9 2  101 
EXPECT 

ROW7 
C O L I  

CLEAR 2 0 4 7  7 1  1 6 5 2  230 1 2 1  4 4  
EXPECT 1 6 7 1  2 2 5  114 3 8 

uowe 80.7 11.2 5.9 2.1 
COL% 50.7 50 .1  51.9 53.8 59.5 

T I N T  1992  75 1 6 4 5  2 1 3  1 0 4  3 0  
F XPEC T  1 6 2 6  2 1 8  111 3 6 

KOWX A2.6 10.7 5.2 1.5 
COL% 49.3 49.9 48.1 46.2 40.5 

TESTS OF INl>EPENI)ENCE S T A T I S T I C  S I G N I F  OF= 3 N= 4 0 3 9  

M A X I  M U M  L I K F L I H U O D  3 - 8 6 8 8  .27CO C R A H E R a S  P H I =  , 0 3 0 9  
C H I  -SOUARE 3 . 8 5 2 1  - 2 7 7 9  CONTINGENCY COEFF= , 0 3 0 9  



Th l lwAY L R r l S S - T A R U L A T  I n N  T A R L E  A - 7  

2 - 3L.RD S L I P ?  
CCLOR M I S S  Y E S  NO 

M l S S  4 R 8 6  1 0 2  L O 7 7  3 8 0 9  
EXPECT 

ROW? 
C U L T  

CLEAR 2 0 8 3  3 5  566  1 5 1 7  
EXPECT 5 1 1  1 5 7 2  

ROW 9: 2 7 . 2  72.8 
C O L %  50.9 56 .3  49.1 

T I N T  2013 54 4 3 9  1 5 7 4  
EXPECT 4 9 4  1 5 1 9  

ROW% 21.8 78.2 
COLK 49 .1  43 .7  5 0 . 9  

TESTS OF INDEPENOENCE S T A T I S T I C  S I G N I F  DF= 1 N =  4096 

MAXIMUM L I K E L I H O M )  1 5 . 9 4 7  ,0001 C R A H E R ' S  P H I  = , 0 6 2 3  
CHI -SQUARE 1 5 . 9 0 8  ,0001 C O N T I N G E N C Y  C O E F F =  - 0 6 2 2  
B I N O M I A L  T E S T  OF SYMMETRY 0. F I S H E R  EXACT P R O B =  -0000 
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TkOHAY C R O S S - T A B U L A T I O N  T A B L E  A - 1 6  

2. 3 6 1 . A I K  C O N 0  
CIILOR M I S S  Y E S  N  O  

M I S S  4768 2 2 0  2 5 3 9  2229 
EXPECT 

KUWZ 
COL'b 

L L F 4 R  7 1 1 5  3 ROU 1 3 1 5  
E XPEC T  12 55 860 

ROWZ 3 7 . 8  6 2 . 2  
COL'X 5 0 - 6  3 2 . 3  77.4 

T I N T  2064 3 1 6 7 9  3 85 
EXPECT 1 2 2 4  8 4 0  

ROWZ 8 1 - 3  18.7 
C U L X  49.4 67 .7  22.6 

TESTS OF INDEPENDENCE S T A T I S T I C  S I G N I F  DF= 1 N= 4 1 7 9  

M A X I M U 3  L I K E L I H O O I )  8 5 5 . 7 2  0. CRAMER'S  P H I =  ,442 9 
C H I - S Q U A R E  8 19 -94  0. C O N T I N G E N C Y  COEFF= ,4050 
n l N O M 1 4 L  T E S T  O F  SYMMETRY ,0000 F I S H E R  E X A C T  P R O B =  0. 
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