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- INTRODUCTION -

According to a recent report (Centers for Disease Control, 1 992) metor vehicle
crashes are the Ieadmg cause of death in the United States for people under 35 years of
' ‘age This- statistic is even more |Ilum|natmg when it is considered alongmde the fact that
A"“the number of motor veh:cle fatalities has SIQnIftcantly declmed over the last severa[
decades (National Safety Council, 1993). This decline has resulted pnmartly from a
nationwide effort to reduce the incidence of alcohol impaired driving, to reduce the speeds
" at which vehicles travel, and to promote the use of helmets and restraint devices. As the
“National Safety'Cduﬁéii statistics reveal, this effort has been effective. It is equally clear,
however, that programs for reduc:ng mjurles and fatahties on the roadways still have much

headway to make.’

" As a part of the national program to reduce motor 'Veh:iéle'i:nju'ﬁeé,' in the late 1970s
numerous states began writing legislation to mandate statewide safety belt use. Since the
first safety belt law was passed in 1984 (New York), 48 states and the District of Columbia
have passed similar laws (Insurance Institute for Highway Safety, 1994), In general, these

'laws have produced a dramatic increase in belt use immediately following implementation,
followed by a subsequent decline in belt use that is generally above pre-law levels. This
was the case in Michigan following lmplementation of a safety belt Iaw in Juiy 1985 (see
Streff, Molnar, and Christoff, 1993) B o

“To measure compliance with Michigan's mandatory safety belt law, the University
of Michigan Transportation Research Institute (UMTRI) is conducting a series of direct-
observation surveys of safety belt use among motor vehicle occupants statewide. Fifteen
previous survey waves have been completed. The first two w'aves were condaeted prior
to implementation of the law to establish a baseline safety belt use rate (Wagenaar and
Wiviott, 1985a; Wagenaar, Wiviott, and Compton, 1985). The third wave was conducted
during the first month of implementation (Wagenaar and Wiviott, 1985b). The next eight

survey waves were conducted roughly every five months between December 1985 and




May. 1988 (Wagenaar, Wiviott, and Businski, 1986; Wagenaar, Businski, and Molnar,
1986a, 1986b; Wagenaar, Molnar, and Businski, 1987a, 1987b, 1987c, 1988a, 1988b).
The twelfth, thirteenth, and fourteenth survey waves were conducted in April 1989
(Wagenaar and Molnar, 1989), May 1990 (Streff and Molnar, 1990), and June 1992 (Streff,
) Molﬁ_ér,__and Christoff, 1993). The fifteenth survey wave was conducted during September
1 993 (Streff, E:by,_ M.olnar_, Joksch, & Wallace, 1993). The sixteenth survey wave, reported

here, .was__con_du_cte_d 11 O__'_m_on_t_h_s after the Michigan safety belt law first took effect. .

| In_all but the fifteenth survey, belt use was examined by age, gender, seating
posit_ip:_n,_:ti_me___of day, day of week, type of road, weather conditions, vehicle type, and
-Tegion of .the_ Stgte by direct observation of vehicles stopped at traffic.lights or stop signs.
In ord_e.r fo better relate Michigan's belt use rates to other states, the fifteenth survey wave
used a new sample design that tock advantage of federal guidelines for safety belt surveys
(N_a:tio_n_é] _Ijlighway__'[(afﬁ_p Safety _Administration, 1992).. Based upon these guidelines, belt
use could be es_tjmaté_d by observing only shoulder belt use of front outboard occupants.
_Ther_efore_, in the fifteenth survey wave onfy the. front outboard occupants of passenger
cars were observed and safety belt use was examined as a function of time of day, day of
week, and weather conditions, .withoﬁ_t any belt use estimates calculated as a function of

gender, age, or vehicle type. .

HoWever, this latter information is especially useful for tailoring safety belt use public
information and education (PI&E) programs to those audiences that could most benefit
from them.. Tbgre_._fore',_ in the present survey these variables were again included in our
analysis of si_t_.atgw_ide séfety belt use, while using the cost-efficient design from -th_e_ fifteenth

survey wave with some minor modifications. ..
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~METHODS
Sample Design -

‘The sample design for the present survey was closely based upon the one used by
Streff, Eby',":'MoInar Joksch,"and Wallace (1993). While the entire s'anipiin'g;procédure is

‘presented in the prewous report it is repeated here for completeness, with the
“modifications noted. ' S T TR .

The goal of this sample design was to select observation sites that represent
accurately all vehicle motorists in eligible vehicles in Michigan (i.e., passenger cars, van,

sport-utility vehicles, and pickups), while following federa! guidelines for safety belt survey

“design (National Highway Traffic Safety Administration, NHTSA,1992)." An ideal sample
‘minimizes total survey error while providing sites that can ‘be surveyed efficiently and

‘economically.’ To achieve this goal, the following sampling procedure was used.

To reduce the costs associated with direct observation of remote sites",' the NHTSA
guidelines allow states to omit from their sample space the lowest population counties,

provided these counties account for 15 percent or less of the state's total population.

‘Therefore, all 83 Michigan counties were rank ordered by population (U.S. Bureau of the
‘Census, 1992) and the low population counties were ellmlnated from the sample Space
This step reduced the sample space to 28 counties. = o

These 28 counties then were separated into four strata. The strata were
constructed by obtaining historical belt use rates and vehicle miles of travel (VMT) for each
county. Historical belt use rates were determined by averaging resuits from three previous
UMTRI surveys (Wagenaar et al., 1987b, 1988b; Wagenaar and Molnar, 1989). Since no
historical data were available for six of the counties, belt use rates for these counties were

estimated using multiple regression based on per capita income and education for the




other 22 counties (1% = .56; U.S. Bureau of the Census, 1992).' These factors have been
shown previously to correlate positively with belt use (e.g., Wagenaar, et al., 1987).
Because of the disproportionately high VMT for Wayne County, and because we wanted
‘to ensure that observation sites were selected within this county, Wayne County was
chosen as a separate stratum. Three other strata were constructed by rank ordering each
~county by hi_stor_icél_,belt_ use rates and then adjusting the stratum. boundaries until there
was roughly equal total VMT within each stratum. The stratum boundaries were: high belt
use (54.0 percent or greater), medium belt use (45.0 percent to 53.9 percent), low belt use
(44.9 percent or lower), and Wayne County (41.9 percent belt use). The historical belt use

- rates and VMT by county and strata are shown in Table 1.

...~ To achieve the NHTSA required precision of less than.5 percent relative error; the
_ mi_nimi_jm__-numbe{_ of observation __s__ites-for the survey (N = 56) was determined based on
within-.and between-county variances from previous belt use surveys and an estimated 50
vehicles per observation period in the current survey. This minimum number was then
increased (N = 168) to get an adequate representation of belt use for each day of the week

and all daylight hours. .

Because total. VMT within each stratum was roughly equal, observation sites were
evenly divided among the strata (42 each). . In addition, since an estimated 23 percent of
all traffic in Michigan occurs on limited-access roadways (Federal Highway Administration,
1982), ten (24 percent) of the sites within each stratum were freeway exit ramps, while the

remaining 32 were roadway intersections.

! Education was defined as the proportion of population in the county over 25 years of age with a professional or graduate degree.
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Table 1. Descriptive Characteristics of the Four Strata®

: e ] Beltuse, | BeltUse 7] VMT, billions | Total VMT,
Strata County
s o Percentage .Averag_;e,%- ~-of miles. .+ -} billions of miles
1 56.3 17.48
~ |ingham 543 1.98
| Kalamazoo 543 | 1.98
| Oakiand - 545 - 10.86
: Washtenaw 62.0 2.86
2 ) 48.8 17.42
~ |Alegan 452 e . 0.86
Bay 53.7 113
Eaton . . 52.5 0.9
Gr. Traverse 47.2 0.63
Jackson 462 1.41
Kent 48.9 _ 4.07
. {Livingston: - 487 444 - ‘!
E Macomb ' 48.0 -4.83
il ‘Midland 50.7 0.68 |
ot Tottawa 474 s 1
S - | 409 | 1745
I Berrien 41.6 1.68
| Calhoun 43.2 14
1 lcenesee 428 412
| Lapeer 396 0.71 :
Lenawee 444 . 0.82 "
Marquette 39.6 0.56
IMonros 442 153 |
Muskegon: 418 1.1
| Saginaw .. . 407 | . 1.86
Shiawassee M6 064
st Clair 341 | 1.38
" - |stidoseph 41.6 0,59
1. |vanBuren. - 367, | . 0.83
L4 | __ |
L Wayne 419 419 | 1529

zNote Botdface |tal;c lype mdicates values estimated from multlpie regress:on The bell use percentages were used oniy for
statistical purposes in this design. Caution should be taken in interpreting these values.
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" Wthm each stratum observation srtes were randomly assrgned to a locatron usmg
different methods for mtersectlons and freeway exit ramps. The mtersectron sites were
chosen using a method that ensured each mtersectron within a stratum had an equal
probab:lrty of selectron Detalled equal-scale road maps for each county were obtarned
and a grid pattern was overtard on each county map The gnd d:mensrons were 62 lines
honzontally and 42 lines vertically. ‘The lines of the grid were separated by 1/4 inch. With
the 3/8 inch:mile scale of the maps, this created gnd squares that were 67 miles per side,

(Because Marquette County is so large, it was d|V|ded into four maps and each part was

treated as a separate ‘county.) Each grid square was unrquely ldentlf ed by two numbers,

a horrzontal (or x) coordmate and a vertlcal (or y) coordmate -

_ The 42 sites for each stratum were sampled sequentlaily The 32 local mtersectron
srtes were chosen by first randomly selecting a grld number contalnmg a county within a
stratum.® This was achleved by generatlng a random number between 1 and the number
of grrds wrthrn the stratum So, for example, since the hrgh belt use stratum had four grid
patterns overlaylng four counties, a random number between 1 and 4 was generated to
determine which grrd woutd be selected. Thus each grid had an equal probability of
selection at this step. Once the grid was selected -a random x and a random y coordinate
were chosen and the corresponding grid square |dent|f ed. Thus each mtersectron had
~ an equal probabrtrty of selection. If a single mtersectron was contarned within the square
that intersection was chosen as an observation S|te If the square did not fall within the
county, there was no mtersectron within the square or there was an lntersectlon but it was
located one road lrnk from an already selected mtersectlon then a new grid’ number and
X, ycoordinate was randomty selected |f there was more than one lntersectlon W|th|n the
grid square, the gnd square was subdrvrded lnto four equal sectrons and arandom number
between 1and 4 was selected untli one of the mtersectlons was randomty chosen This
happened for only two of the sites. | a |

3 It is important to note that grids were selected during this step rather than counties. This was necessary only because it was
impractical to construct a single grid that was large enough to cover all of the countres in the largest stratum when they were laid srde
by side.




Once a site was chosen, the following procedure was used to determine the
particular street and directien of traffic flow that would be observed. For each intersection,
all possible combinations of street ahdwtraff' ic flow were determined. From thie set of
observer locations, one location was randomly selected with a probability equal to
1/number of locations. For example if the mtersection was a "+" intersection, as shown
" in Figure 1, then there would be four possmle comb:natlons of street and direction of traffic
+ flow to be observed (observers watched traffic on only the side of the street on which they
were standing). In Figure 1, observer Iocation #1 indicates that the observer would watch
westbound traffic and stand next t.o Main Street. For observer location #2, the observer
would watch southbound traffic and stand next to Second St., and so on. In this example,
a random number between 1 and 4 would be selected to determine the observer location
for this specif ic site. The probability of selecting an intersection approach is dependent on
the type of mtersectlon Four—iegged lntersectnons like that shown in Figure 1 have four
possub[e observer Iocatlons while three-!egged lntersectlons like "T" and "Y" intersections
- have -only_three possible observer locations. The effect of this slight difference in

probability accounts for .01 percent or less of the standard error-in the belt use estimate.

Because we intended to record ages and gender as well as belt use in the present
- survey, we needed 1o observe vehicles while they were stopped at a traffic control device.
Therefore, those intersections selected in the previous survey with no traffic control devices
(N = 50) were reassigned by choosing a random direction of travel along ‘a random traffic
leg leading away from the intersection. A researcher then followed this route until a traffic
control device was encountered. if the route took them over.a county line, then a new
route was selected. This new intersection became the primary site for safety-belt

. observation, - .. i




A e : B et '

Second St Second St

. Main 8t.

anm'..'.;»,.._.'._

: o F:gure 1.
An example g mtersectlon showmg four possable observer locatlons

For each chosen primary intersection site, an alternate site was also selected. The
alternate sites were chosen within a 20 x 20 square unit area around the grid square
containing the original intersection, corresponding to a 13.4 square mile area around the
site. This was achieved by randomily picking an x, y grid coordinate within the alternate site
-area. Grid coordinates were selected until a grid square containing an intersection was
found. No grid squares were found that contained more than one intersection. ' The
observer location at the ‘alternate intersection was determined in the same way as at the
~primary site.. For those-interested -in designing a safety belt survey, a guidebook for

selecting and surveying sites for safety belt use is available (Eby & Streff, 1994).

. The ten freeway exit ramps sites within each stratum also were selected so that
each exit ramp had an equal probability of selection.* This was done by enumerating all
of the exit ramps within a stratum and randomly selecting without replacement ten numbers

between 1 and the number of exit ramps in the stratum. For example, in the high belt use

* An exit ramp is defined here as a point of access to a limited-access freeway, irrespective of the direction of travel. Thus, on a
north-south freeway corridor, the north and south bound exit ramps at a particular cross street are considered a single exit ramp location.

8




stratum there was a tfotal of 109 exit ramps. To select an exit .-ramp; a random number

- between 1 and 109 was generated. “This number corresponded to a specific exit rah1p.

To select the next exit ramp, another random number between 1 and 109 was selected

~with-the restriction that no previously selected numbers could be chosen.- Once the exit

ramps were determined, the observer location for the actual observation was determined
by enumerating all possible combinations of direction of traffic flow and side of ramp on

which to stand. As in the determination of the observer locations at the roadway

- intersections, the possibilities were then randomly sampled with equal probability. The

alternate exit ramp sites were selected by taking the first interchange encountered after

~‘randomly selecting a direction of travel along the freeway from the primary site. If this
alternate site was outside of the county or it was already selected as a primary site, then
- the other direction of travel along the freeway was used. If the exit ramp had no traffic
“control devicé (N = 7) on the selected direction of travel, then a researcher visited the site

—-and.randomly picked a travel direcﬁon and lane that had traffic control. :

The day of week and time of day for site observation were pseudo-randomly

assigned to sites in such a way that all days of the week and all daylight hours (7 am - 7.

~pm) had essentially equal probability of selection. - The sites were observed using a

clustering procedure. That is, sites that were located spatially adjacent to each other were

-considered to be a cluster. Within each cluster, a shortest route between all of the sites

was decided (essentially a loop) and each site was numbered. An observer watched traffic

-at all sites in the cluster during a single day. The day in which the cluster was to be

observed was.randomly determined. After taking into consideration the time required to
finish all sites before darkness, a random starting time for the day was selected. In
addition, a random number between 1 and the number of sites in the cluster was selected.
This number determined the site within the cluster where the first observation would take
place. The observer then visited sites following the loop in either a clockwise or counter-
clockwise direction (whichever direction left them closest to home at the end of the day).
This direction was determined by the project manager prior to sending the observer into

the field. Because of various scheduling limitations (e.g., observer availability, number of




~hours worked per week, etc.) certain days and/or times were selected that could not be
- observed. When this :dccUrred_, a new day and/or time was randomly selected until a

‘usable one was found. : The: im’portant issue about the randomization is that the day and

time assignments to the sites were not correlated with belt use at a site. This pseudo-

“random method js random W|th respect to this issue.

The sample design was constructed so that each observation site was self-weighted

by VMT within each stratum. -This -was accomplished by selecting sites with equal

probability and by setting the observation interval to a constant duration (50 minutes) for
each site.’ Thus the number of cars cbserved at an observation site reflected safety belt
use by VMT,; that is, the higher the VMT at a site, the greater the number of vehicles that
would pass during the 50-minute observation peri_od. However, since all vehicles passing
an observer could not be 'Sufveyed_,' a vehicle count of all eligible vehicles (i.e., passenger
cars, véns sport-utility vehicles; ahd.pickups) on the traffic leg under observation was
conducted for a set duration (five minutes) immediately prior to and |mmed|ately following

the observation period (ten minutes total).

" Table 2 shows descriptive statistics for the 168 observation sites.  As shown in this

table, the sites were fairly well distributed over day of week and time of day. 'Note that an

- observation session was iincluded in the time slot that represented the majority of the
—observation period.: If the observation period was evenly distributed between two time

-slots, thenit was inéiuded in the later time slot. This table also shows that nearly every site

observed was the primary site and most observations occurred on sunny or cloudy days.

* Because of safety consuderatlons sites in the city of Detr01t were observed for a different duration. See data collection section for
more information.
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- Saturday 14. 3%

" Table 2. Déséripti\ié Statistics for the 168 Observation Sites

Day ofWeek | Start Tlme | Site Choice
IMonday ~ 15.5%]7- | Primary 97.0% [Sunny ~ 78.6%
Tuesday ' 16.1%|9-11 AM 22.0% Alternate 3.0% |Cloudy 19.6%

© IWednesday 11.9%[11-1PM  14.9%| - “|Rain 1.2%
Thursday  17.8%|1-3 PM 11.9%| - -+ - |Snow: - = 0.0%
Friday . = 13.1%[ Unknown - 0.6%

lsunday 11.3%
ITOTALS  100%

Data Collection

Data collection for the study involved direct observation of shoulder belt use, age,

and gender. Trained field staff observed shoulder belt use of drivers and front-right
_passengers traveling in passenger cars, sport-utility. vehicles, vans, and pickup. trucks
. during daylight hours from September 1 to September 20, 1994.. Safety belt, age, and

-gender observations were conducted when a vehicle came to a stop at a traffic light or a

stop sign. .

Data Collection Forms

Two forms. were used for data collection: = a Site Description Form and. an

_Observatnon Form. The site description form (see Appendix A) provided descriptive

information abqyt the site including the site number, location, site type (freeway exit ramp
or local intersection), site choice (primary or alternate), observer number, date, day of

week, time _of__d_ay, weather, and a count of eligible vehicles traveling on the leg. A place

‘was also furnished for observers to sketch.the intersection and to identify observation

locations and traffic flow patterns. Finally, a comments section was available for.observers
to identify landmarks that might be helpful in characterizing the site (e.g., school, shopping

mali) and to discuss problems or issues relevant to the site or study.

11




The second form, the Observation Form, was used to record safety belt use,
passenger rnfon'natlon and vehrcle lnformatron (see Appendlx A). Each observation form
was lelded |nto four boxes W|th each box havmg room for the survey of a srngle vehicle.
For each veh:cle surveyed shoulder belt use gender and estrmated age for the draver was
recorded on the upper. Ieft portlon of a. box while the same information for the front
outboard passenger could be recorded in the upper right part of the box if there was a front
outboard passenger 'present The vehicle -type was recorded. in the lower left portion of the
form. Children riding in child restraint deVIces were recorded as belted. Occupants
observed with their shoulder belt worn under the arm or behrnd the back were recorded as
belted and mformatron about the type of misuse was also noted At each srte the observer
carrred several data collection forms and completed as many as were necessary durlng the

observation p_eriod.

Procedures at Each Site

' All sites in the sample were visited by single observers for a period of one hour, with
the exception of sites in the city of Detroit. To address potential security concerns, Detroit
sites were visited by two-person teams of observers for a period of 30 minutes. Because
each team member at Detroit sites recorded data for different lanes of traffic, the total

amount of time of data collection at Detroit sites was equivalent to that at other sites.

Upon arriving at a site, observers determined whether observations were possible

at the site. If observations were not possible (e.g., due to construction), observers
' 'proceeded to the alternate site. Otherwise, ‘observers completed the site descnptron form

and then moved to their observat|on posrtron near the traff" ic control devace
' Observers we_re instructed to observe only the lane immediately adjacent to the curb

for safety belt use regardiess of the number of lanes present. At sites visited by two-

person teams, team members observed different lanes of the same traffic leg (either

12




- standing with one observer on the curb and one observer on the median, if there was more

~than one traffic lane -and a median, or on diagonally opposite corners of the 'intersectibn).

oo At each site, observers conducted a five-minute count of all eligible vehicles on the
designated traffic leg before beginning safety belt observations. :-Observations began
- immediately after completion of the count and continued for 50 minutes at sites with one
observer and 25 minutes at sites with two observers. During the observation period,
obseNers recorded data for as many eligible vehicles as they could observe. [f traffic flow
was heavy, observers were instructed to record data for the first eligible vehicle they saw
-and then Iook..up-and record data for the next eligible vehicle they saw, continuing this
- process for the remainder of the observation period. ‘At the end of the observation period,
~-a second five-minute vehicle count was conducted at single-observer sites (so that time
- spent at single-observer sites.totaled one hour compared to one half hour at two-observer

- sites).

Observer Training

.- Prior to data collection, field observers participated in four days of intensive training
including - both classroom review of data collection procedures and practice field
observations. -Each observer received a training manual containing detailed information
--on field procedures for observations, data collection forms, and administrative policies and
procedures. Inciuded in the manual was ‘a listing of the sites for the study (see Appendix
B) that identified the location of each site and the traffic leg to be observed, as well as a

site schedule identifying the date and time each site was to be observed.

.« - After intensive review of the manual, observers conducted fpractice observations at
'several sites chosen to represent the types of sites and situations that would actually be
-encountered in the field. None of these practice sites were the same as sites observed
during the study. Training at each practice site focused on completing the site description

form, determining where to stand and which lanes to observe, conducting the vehicle
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- count, recording safety belt use; estimating ages and gende_r._-_:--‘Qbserv_ers worked in teams
of two, observing the same vehicles,fbutrecbrding data independently bn"separate*data
collection forms. Teams were rotated throughout the training to ensure that each observer
- was paired with every other observer at least eight times_:._ -Each observer pair practiced
recording safety belt use,..g'ender,'and age until there wa_s an interobserver refiability of at
- least 85 -pefcent in all m.éasures-for both observed drivers and EfrontA-right:passengers'for

each pair of observers.

- -On the final day of training, each observer was provided with an atlas of Michigan
county:maps and all necessary field supplies. Observers .weré given time to mark their
-assigned sites on the appropriate maps and plan travel routes to the sites. After marking
~the sites on their maps, the marked locations were compared to a master map to ensure
-that the correct sites had been pinpointed. Field -proceduresfﬁvere reviewed for the final
time and observers were informed thét tjnannounced site visits would be made by the field

supervisor during data collection to ensure adherence to study protocols.

Observer Supervision and Monitoring

- During data collection, each observerwas spot checked in the field on at least two
occasions by the field supervisor. - Contact between the field supervisor and field staff was
- also maintained 'on a regular basis through staff visits to:the UMTRI office to drop off
completed forms and through telephone calls from staff 'to-repdrt progreés and discuss
problems encountered in the field.' Field staff were instructed to call the field supervisor at

home if problems arose during evening hours or on weekends. -

Incoming data forms were examined by the field supervisor and problems (e.g.,
missing daté, discrepancies between the site description.'fofm:and site listing or?'s'chedule)
-were noted:and discussed with field staff. - Attention was also given to bbmménts on the
- site description form about site-specific characteristics that might affect future surveys

-(e.g., traffic flow patterns, traffic control devices, site access). =
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-Data Processing and Estimation Procedures -

The site and data collection forms were keypunched into an electronic format. “The

accuracy of the data entry was verified in two ways. First, all data were keypunched twice

-and the data sets were compared for consistency. Second, the data from randomly

-selected sites were reviewed for accuracy by a second:party -and all site data were

checked for inconsistent codes (e.g., the observation end time occurring before the start

time). Errors were corrected after consuitation with the original data forms.

Computer analysis ptograms tallied the number of vehicles, drivers, bassengers,
belted drivers, and belted passengers as a function of the study independent variables for

each site. Thls mformation was comblned w:th the 31te |nformat|on to create afile used for

_.generatmg study results

As mentloned earl:er our goal in thls safety belt survey was to estamate belt use for

the state of Mlchlgan based on VMT As also dlscussed the self—welghtmg -by-VMT

scheme employed is hmlted by the number of vehicles for which an observer can

accurately record mformatlon To correct for this llmltatlon the vehicle count information

was used to weight the observed traﬁ" ic volumes O they would more accurately reflect

VMT.

This weighting was done by first adding each of the five-minute counts and then
multiplying this number by five so that it would represent a 50-minute duration.® The
resulting number was the estimated ndrhber of vehicles passing the site if all eligible
vehicles had been included in the survey during the observation period af that site. The

est:mated count then was dlwded by the actual veh:cle count for each vehicle type to

| obtam a VlVlT welghtlng factor for that S|te and vehicle type. This welghtmg factor was

multiplied by the actual vehicle counts at the site, yielding a weighted N for the number of

total drivers and passengers and total number of belted drivers and belted passengers for

§ As mentioned previously, the Detroit sites were visited by pairs of observers for half as long. For these sites, the single five-minute
count was multiplied by five to represent the 25-minute observation period.
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each vehicle type. Unless otherwise indicated, all analyses reported are based upon the

‘weighted values.

~“The overall estimate of belt use per VMT and vehicle type in Michigan was

‘determined by first calculating the beit use rate within each stratum for a vehicle type usmg
~the following formula: - - .

_ TotalNumberofBeltedOccupants,weighted
. TotalNumberofOccupants,weighted =

of

'Whe'r'e ¢ refers to the belt use rate" fora certain yehicl'e type Withtn an_y _of the four strata.

The totals are the sums across all 42 sites within the stratum after weighting, and
occupants refers to only front outboard occupants The overal! estlmate of belt use by
vehicle type was computed by averagrng the belt use rates for each stratum However
'companng total VMT among the strata one fi nds that the Wayne County stratum IS only 88
percent as iarge as the total VMT for the other three strata (see Table 1). In order to
represent accuratety safety beit use for chhrgan by VMT the Wayne County stratum was
multrp]led by ©. 88 during the averagrng to correct for its Iower total VMT. The overall belt

use rate for a vehicle type was determined by the following formula:

_ r+¥,+r,+(0.88 *r4)
o™ 3.88

where r is the belt use rate for a certam vehrcle type wrthm each stratum and r4 |s ‘the

Wayne County stratum '

" The estimates of variance and the calculation of the confidence bands for the belt
use estimates are complex. See Appendix C for a detailed description of the formulas and

procedures.
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" The current direct observation survey of safety belt use in Michigan measured safety

belt use as a function of four vehicle types: passenger vehicles, vans, sport-utility vehicles,

‘and pickup trucks. This represents a slight departure from the previous survey (Streff, et

‘al., 1993) in which only passenger vehicles were surveyed. Therefore, comparison of the

present results to the previous survey wave is possible by comparing the current belt use

“rates for passenger vehicles only. “Since in the present survey nearly 80 percent of the

sites were observed on sunny days (table 2), belt use by weather condition was not

estimated.

Overall Safety Belt Use

" As shown'in Figtre 2,-66.1 £:3.2 percent of all front outboard occupants traveling

in pas’séngéf cars in'Michigan "during' September 1994 were restrained with shOuldef'be'l_ts.

‘The "+" value following the use rate indicates a 95 percent confidence band around the

percentage. This value should be interpreted to mean that we are 95 percent sure that the

“actual safety belt use rate falls somewhere between 63.0 percent and 69.3 percent. The

passenger vehicle belt use rate shows that use rates in this vehicle type may have slightly

increased over the last twelve months.

Front Outboard Shoulder Belt Use
in Passenger Cars

Figure 2.
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Estiméted belt use rates and unweighted Ns for individual strata by vehiéle fype are
shown in Tables 3a to 3d. The stratum estimates by passenger vehicles (table 3a) show
that belt use patterns during September 1994 followed the historical trends; that is, the high
beit use stratum had the highest belt use in the present survey, and so on. The Wayne
County stratum (number 4) had. _a:. low overall belt use rate for passenger vehicles
compared to the other three strata. . While the 56.3 percent belt use rate for Wayne County
represents a slight _incrgas_-e from last year's 55.4 percent use rate, this consistent finding

_strongly shows that statewide efforts to increase safety belt use have the greatest potential

to be effective if concentrated in the Wayne County area. ..

‘Estimated belt use for front outboard occupants of sport-utility vehicles (table 3b)
and vans (table 3c) was high-- overall 63.5 and 65.6 percent, respectively. The belt use
rates _b'y__stratum_alsq_genera!iy followed the historical belt use frends, .-with‘_Wa_yne County
(stratum 4) showing the lowes_t__belt_'.u_se_rate. As expected from previous surveys (e.g.,
Streff, Molnaﬁf, & Christoff, 1993), the overall belt use rate of 44.9 percent for pickup trucks
was lower than for any other vehicle type (table 3d). Since these vehicles were the second
most common vehicle type observed in the survey, the results suggest that pickup truck
drivers and passengers could greatly benefit from belt use programs designed specifically

for them.
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" Table 3a. Percent Shoulder Belt Use by Stratum (Passenger Vehacies)

: " c | Percentuse | Unweighted N

"'"Stratum1 O E N '75.5 B e R Y.

i ||Straium2 SRR : G e e 908 . °
|| .
||Stratum4 st Pt e 563 112,342

|ISTATE-OF-‘MICHIGAN - S o 66

" Table 3b. Percent Shoulder Belt Use by Stratum (Sport-Utility Vehicles)

Percent Use Unweighted N

-5,583

: .Stra.tum1 _— . o — —_— -

Ustratum2 o | 566 | oo

Stré'mﬁ.]"g: — 664 —t— . _.__70

I stratum4 | _ 55.8 145 ||
“UstATEOFMICHIGAN | e3s | a2

Table 3c. Percent Shoulder Belt Use by Stratum (Vans) -

Percent Use Unweighted N

1|Str_a_tL_lm1 . ...69.5 T 255 .

. o __."Str_atu_r__n_z L .. 681 1 - 174

- j| Stratum 3 o L 62.6 . 151 |

Stratum 4 61.6 320
STATE OF MICHIGAN 65.6 900 J

Table 3d." Percent Shoulder Belt Use by Stratum (Pickup -Tfueke) '

b

 Percent Use o -Unwéighted N

Astatumz | e | 22 |
Stratum3: oo o | asg el o et

L
STATEOF MICHIGAN . .~ - ] =« 449 . - | o =00 4,089
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Safety Beit Use by Subgroup i R

Site Type Estrmated safety belt use by type of s:te is presented in Table 4 as a function
of vehlcie type Occupants observed at freeway exit ramps showed shghtiy hlgher safety
belt use rates for passenger vehlcles and vans than occupants in similar vehlcles observed
at local mtersectlons This is conmstent wlth the findings of all previous survey waves and
shows that o_c_cupants of passenger cars and vans use restraint devices slightly more often
when they _aré traveling _o.n f_reeways_. For pickup truck and sport-utility v_e_hicle_s, however,

this trend was _reversed. . :

Time of Day. -Estiniated safety belt use by time of day and vehicle type is shown in Table
4. Note that these data were collected only during daylight hours. In general, belt use was

highest during the morning commute hours. No other systematic trends weré evident.

Day of Week. Estimated safety belt'use_ by the day of Wee}{_ and vehicle__typ_e__'i_s shown in
Table 4. Note that th_e survey was conducted over a__threeeweek period that included Labor

Day. Belt use clearly varied from day to day, but no systematic trends were evident.

Gender. Estimated safety belt use by gender and type of vehicle is shown i_'n Table 4.
Safety belt use is higher for females than for males in all four vehicle types:’st'u'died. Such

results have been found in every Miohigan safety belt survey conducted by UMTRI.

Age. Estimated safety belt use by age and vehicle type is shown in Table 4. For all
vehicle types the 0- 3 year age group had the hlghest belt use rate After the earhest age
group, belt use rates were ordered dlfferentlally dependlng upon the vehlcle type. Forall
veh[cle types except vans the 16 29. age group had the Iowest belt use rate with this
same age group second to Iowest in. vans. These results mtrror the ﬂndlngs in previous
UMTRI studles (e. g., Streff Molnar & Chnstoff 1993). An interesting fi ndlng within all
vehicle types is the belt use rate for the 4_ 15 year old age group. One would e_xpect that
the indiyiduals in this age group would be belted at nearly the same rate as the youngest
age group since parents and other adults would have primary responsibility for ensuring

that those in this age group are belted (as with the 0-3 year old age group). However, for
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all vehicle types, belt use rates show a decline for the 4-15 year old age group. This

decline continues into the next age group (16-29 years old). These results show that
efforts should be directed toward preventing the decline of belt use that occurs between

the ages of 4 and 15.

Table 4. Percent Shoulder Belt Use and Unweighted N by Vehicle Type and Subgroup "
Passenger Vehicle | Sport-Utility Vehicle Van Pickup Truck
Percent |Unweighted |Percent |Unweighted | Percent |Unweighted | Percent |Unweighted
Use N Use N Use N Use N
Site Type
Intersection | 65.6 4259 64.7 348 64.7 698 45.4 904
Exit Ramp 68.1 1324 | 825 124 71.0 202 415 195
1 Time of Day
7-9am 734 735 56.8 83 814 122 57.0 152
9-11am 64.9 527 69.0 43 68.9 99 37.3 117
11-1pm 84.7 1011 414 79 44.7 135 42.0 182
1-3pm 67.5 1106 68.2 85 71.9 180 49.8 215
3-5pm 61.3 1395 65.3 111 63.8 237 44.3 281
5-7pm 66.3 809 66.9 61 70.0 127 48.2 152
Day of Week
Monday 65.5 1080 80.8 68 75.5 132 49.0 115
Tuesday 70.5 844 69.2 88 76.4 159 455 205
Wednesday | 67.4 339 63.3 38 47.9 72 41.1 116
Thursday 60.6 1085 53.9 a6 60.0 156 485 212
Friday 713 1093 739 66 75.8 188 43.4 200
Saturday 68.7 597 67.4 52 76.1 105 455 160 “
pi Sunday 70.7 565 529 64 88.7 88 348 91
b Gender
Male 60.5 2743 51.6 263 58.7 432 42.8 881
Female 71.4 2816 73.0 209 71.3 465 54.3 217
Age
0-3 74.9 487 100 67 80.9 7 50.0 27
4-15 67.5 204 74.5 21 59.3 65 42.3 39
16 -29 60.2 1910 495 165 65.6 196 41.4 350
30-59 67.7 2423 68.0 240 67.6 507 47.9 562
t 60-Up 716 ag2 60.2 40 59.9 123 486 146

70f the passengers in the 0-3 age group, 29, 5, 6, and 1 passenger(s) were restrained in
a child restraint device for passenger vehicles, sport-utility vehicles, vans, and pickups,
o respectively.
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- DISCUSSION

" The estimated statewide belt use rate for front outboard occupants of passenger
cars was 66.1 £ 3.2 percent. When compared with last year's use rate of 64.4 + 2.1

percent (Streff, et al., 1993), the current rate shows that front outboard shoulder belt use

*in Michigan has stabilized at a higher level than previous studies or may have slightly

increased over the last 12 months.

* This finding shows that the enforcement and public information and education

(PI&E) programs by the Michigan State Police Office of Highway Safety Planning, and

other local programs, have been effective in maintaining belt use among the majority of the

"Michigan population. However, a national goal of 75 percent belt use has been set for

11997. 'In order to reach this goal, we must redouble (and perhaps rethink) our efforts to

increase safety belt use. One activity that could be effective in increasing safety belt use

would be to change the specific provisions of Michigan's safety belt law. Specifically,

"compliance with Michigan's safety belt law would be facilitated if the law permitted primary

enforcement. Findings from a study by Campbell (1987), as well as our own calculations,

indicate that statewide belt Use rates are higher in states with primary enforcement than
in states with secondary enforcement. Further support for this claim comes from California,
where primary enforcement has been implemented. - Prelimihafy estimates show an

incréase in belt use as high as 20 percentage pomts in the first months of pnmary

enforcement (Mtchaels 1993)

Even without such new legislation, stricter enforcement of the current law, coupled
with major publicity campaigns, can be effective in increasing belt use. Issuing safety belt
citations regularly to motorists being cited for another violation can be particularly effective
in increasing safety belt use, because traffic law offenders are less likely to use safety belts
than nonoffenders (Evans, 1991). In an effort to facilitate secondary enforcement of safety
belt laws, the Michigan Office of Highway Safety Planning has supported a project to test
the effectiveness of a new UD-8 citation form that allows an officer to write up to three

violations on a single form. Results of this study show that use of the new UD-8 led to an
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increase in v.elrbal warnings of safety belt violations, safety belt citations issued, and guilty
dispositions of these cases (Streff, Lang, & Christoff, 1994). Thué, even with secondéry
enforcement, police have many opportunities to affect the segment of the population at

- greatest ri_'s_sk‘fqr nonuse. Itis important to remember, however, that many police officers

_ perceive significant disincentives for issuing secondary belt citations. Consideration should |

‘be given to including incentives for officers and their commanders in programs targeting

increased belt law enforcement.

.. Finally, even if enforcement and PI&E programs are being conducted, statewide belt
use may not increase dramatically because these programs may be reaching only
_-audiences. t_h_ait already have a high belt use rate. The durrent. study reports belt use rates
separated into several important demographic categories. These categorical belt use rates
~suggest that 6edai_n populations could benefit particularly from a safety belt enforcement
~and _PI&E_prograr_n_, For ex_amp.le,-based_ upon the present survey results, the person most
. likely to be violating Michigan's safety belt law is a male, age 16 to 28, traveling in a pickup

truck on. a local road in Wayne county (stratum 4). By targeting programs designed to
increase safety belt use.of those populations most likely to benefit, one can maximize belt
use increases while spending the least amount of money.. . Further, there are many
important demographic categories that could prove beneficial to the "marketing” of safety
_belt use. Knowing the belt use for categories such as where a person lives (rather than
‘where he or she drives), presence or absence of vehicle safety features (airbags, antilock
brakes, and automatic restraint systems), and driving record could prove invaluable for
targeting low belt use groups. This information could be obtained by recording vehicle

license information during a safety belt survey. . S

24




g
i
i

' 'REFERENCES =

Campbell, B.J. (1987). The Relationship of Seat Belt Law Enforcement to Level of Belt
‘Use. Chapel Hill, NC: University of North Carolina Highway Safety Research

Center.

*Centers for Disease Control (1992). Position papers from the Third National Injury Control

' Conference: ‘Setting the National Agenda for Injury Control in the 1 9903 Atlanta,

GA: Centers for Disease Control.

Cochran, W. W. (1977). Sampling Techniques, 3rd ed. New York: Wiley. =~ -

Eby, D. W. & Streff, F. M. (1994). How fo Conduct a Safety Belt Survey: A Step by Step
Guide. Ann Arbor Ml: The University of Mlchlgan Transportatlon Research

Inst:tute
Evans, L. (1991). Traffic Safety and the Driver. New York: Vén Nostrand Reinhold.

Federal Highway Administration (1982). Htghway Stat:sttcs 1982 Washmgton D C.:U.S.

Department of Transportation.

Insurance Institute for Highway Safety (1994). Facts, 1994 edition. Anne Fleming, ed.

Michaels, J. (October 1993). Personal communication.

'National Highway Traffic Safety Administration (1992). Guidelines for State Observational

~'Surveys of Safety Belt ‘and Motorcycle Helmet Use. Federal Register,
57(125):28899-28904. | .

26




National Safety Council (1993). - Accident Fact_s,'.-'1-993 ed. ltasca, IL: National Safety

Counci!.‘

Streff, F. M. and Molnar, L. J. (1990). Direct Observation of Safety Belf Use in Michigan:
~ .Spring 1990. Ann Arbor, MI: The University of Michigan Transportation Research
Institute.

.Streff, F. M., Molnar, L. J., and Christoff, C. (1993). Direct Observation of Safety Beit Use
in. Michigan: Summer 1992. Ann Arbor, MI: The University of Michigan

Transportation Research Institute.

Streff, F. M., Eby, D. W., Molnar, L. J., Joksch, H. C. & Wallace, R. R. (1993). Direct
| Observation of Safety Belt and Motorcycle Helmet Use in Michigan: Fall 1993. Ann

- Arbor, Ml: The University of Michigan Transportation Research Institute. .

Streff, F. M., Lang, S. W., Christoff, C. (1994). Tracking Safety Belt Citations in Michigan:
Testing the "Multiple Citation" UD-8. Ann Arbor, MI: The University of Michigan.

Transportation Research Institute.

U.S. Bureau of the Census (1992). . 1990 Census of Population and. Housing (from
University of Michigan UM-ULibrary Gopher-computer datafile). .-

Wagenaar, A. C., Businski, K. L., and Molnar, L. J. (1986a). Direct Observation of Safety
Belt Use in Michigan: Aprif 1986. Ann Arbor, Ml: The University of Michigan

Transportation Research Institute.
Wagenaar, A. C., Businski, K. L., and Molnar, L. J. (1986b). Direct Observation of Safety

. Belt Use in Michigan: July 1986.. Ann Arbor, MIl: The University of -Michigan

Transportation Research Institute.

26




g .~ Wagenaar, A. C. and Molnar, L. J. (1989). Direct Observation of Safety Belt Use in
Michigan: Spring 1989. Ann Arbor, Ml: The University of Michigan Transportafion
Research Institute. R : s SRR

f Wagenaar A. C., Molnar, L. J.; and Businski, K. L. (1987a). Direct Observation of Safety
* Belt Use in Michigan: December 1986. Ann Arbor, MI: The University of Mlch:gan

Transportation- Research Institute-

Wagenaar, A. C., Molnar, L. J., and Businski, K. L. (1987b). Direct Observation of Safety
Belt Use in Michigan: April 1987. Ann Arbor, Mi: The University of Michigan

Transportation Research Institute.

RN

| Wagenaar, A. C., Molnar, L. J., and Businski, K. L. (1987c). Direct Observation of Safety'
5 \ Belt Use in Michigan: July 1987. Ann Arbor, MI: The University of Michigan

Transportation Research Institute.

Wagenaar, A. C., Molnar, L. J., and Businski, K. L. (1988a). Direct Observation of Safely
Belt Use in Michigan: Fall 1987. Ann Arbor, MI: The University of Michigan

Transportation Research Institute.

Wagenaar, A. C., Molnar, L. J., and Businski, K. L. (1988b). Direct Observation of Safety
b Belt Use in Michigan: Spring 1988. Ann Arbor, Mi: The University of Michigan

Transportation Research Institute.

Wagenaar, A. C. and Wiviott, M. B. T. (1985a). Direct Observation of Safety Belt Use in
Michigan: December 1984. Ann Arbor, Ml: The University of Michigan

i Transportation Research Institute.

Wagenaar, A. C. and Wiviott, M. B. T. (1985b). Direct Observation of Safety Belt Use in
Michigan: July 1985. Ann Arbor, MI: The University of Michigan Transportation

Research Institute.

27



Wagenaar, A. C., Wiviott, M.'B. T.,-and Businski, K. L. (1986).: Direct Observation of
~-Safety Belt Use in Michigan: December 1985. Ann Arbor; MI: The University of

Michigan Transportation Research Institute.
‘Wagenaar, A. C., Wiviott, M. B. T., and Compton, C. (1985). Direct Observation of Safety

. Belt Use in Michigan: April 1985. Ann Arbor, Ml: The University of Michigan

Transportation Research Institute

28




|
t

=
[ E.

APPENDIX A

Data Collection Forms
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SITE#____

123

SITETYPE: ~ 1lintersection:  SITECHOICE: 10l Primary =~ TRAFFICCONTROL: -
200 Freeway -~ _ 20 Alternate 101 Traffic Light
4 L : - -

DATE (month/day): ___ /

START TIME: __
14 1516 17 = © 18 18 20 21 o

INTERRUPTION (total r_uur__nber_:'o_f minutes during observation period): __

Median:

Traffic Count 1:

Traffic Count 2:

COMMENTS: .-

- 1L1 Yes _ : N :
2 No o L N g

‘SITE DESCRIPTION

- SITELOCATION___— o

5 2[] stop sign
3] None
4[] oOther

6

11994
78 910 °

OBSERVER DAY OFWEEK WEATHER

a 1] Monday - 101 Mostly Sunny

201 Fred 200 Tuesday 2] Mostly Cloudy

al[Jcathy = . 3] Wednesday o 30Ran .
" 4] Harold : 4] Thursday - 4 Snow

50 Michelle - . 5[1Friday - . W

6lJCar . =~ e[]saturday

1 ?E Sunday - .

_i_.__(24hourclock) - ENDTIME: __:____ (24 hrclock) -

22 23

North

24 T SR N
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SITE#_ ____

1 2 3
DUPCOL1-3 .
" FRONT-RIGHT
DRIVER PASSENGER
tL] Notbelted .~ | 10J Not belted
2[] Belted 2[] Belted
4 sClcrp. -
1L] Male 1] Male.
200 Female 2] Female-
6 7
130-3 100-3
2[14-15 2[04-15
30} 16-29 3L116-29
4[] 30-59 4 30-59 .
501 60+ s[deo+ -
: o s
VEHICLE TYPE VEHICLE ID #
103 Passenger car |
2[1van
3L Utility -
4[] Pick-up 1 12 13
10
DUPCOL1-3
FRONT-RIGHT
DRIVER __PASSENGER
1] Not belted 11 Not belted
21 Belted 2[] Belted
.4 sLd crRD
T 5
' iﬂj-Mate 101 Male
2] Female 2[] Female
6 7
100-3 100-3
2[14-15 2[14-15
3l 16-29 3] 16-29
4[130-59 4[] 30-59
51 60+ 5[] 60+
8 k]
VEHICLE TYPE VEHICLE 1D #
1[] Passenger car
2[ 1 van
300 utitity e —
4[] Pick-up 11 12 13
10

PAGE #

 DUPCOL1-3 _
'FRONT-RIGHT
DRIVER PASSENGER
1] Not belted 1] Not belted
20 Belted 2[1 Belted
4 sClcrp i
5
100 Male 11 Male
2[] Female 2] Female
6 7
1Jo0-3 1do-3
o{l4-15 2[04-15
“ 3] 16-29 3ll16-29
{40 30-59 4]130-59
5 60+ 5] 60+
8 9
- VEHICLE TYPE VEHICLE ID #
101 Pass_enger car |
2 van:
301 Utility —
47 Pick-up 1 12 13
10
DUPCOL1-3
FRONT-RIGHT
DRIVER __ PASSENGER
1] Not belted 1] Not belted
2[1 Belted 2[] Belted
4 30 crD
S
10 Male 100 Male
2] Female 2[] Female
6 7 :
1Jo0-3 100-3
2[14-15 2[04-15 -
3] 16-29 3L116-29
4[] 30-59 4{]30-59
501 60+ 5] 60+
8 9
VEHICLE TYPE VEHICLE ID #
1L Passenger car
2[1 van
3] utitity -
4] Pick-up 11 12 13
10
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APPENDIX B
Site Listing
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" Num Comity Primary Site Location A]ternate'Sitg'Locat.ion Type Str
" 001 Qaklard EB Whipple Lake Rd. & Eston Rd.. . ... EB Clarkston Rd.-& Joslyn Rd. I 1
" - 002 Kalamazoo EB S Ave, & 20th St, . - NB 34th St. &V Ave. - I 1
" 003 | Oakland SB Pontiac Trail & 10 Mile Rd.” EB 12 Mile Rd. & South Hill Rd. 1 3
" 004 | Washtenaw SB Moon Rd.. & Ann:Arboi-Saline Rd./Saline-Milan Rd. } SB'Moon.Rd. & Willis Rd. 00 I 1
© 005 | Oakland .. WB Drahner Rd. & Baldwin Rd. WE Waldon Rd. & Clintonville Rd." I 1
“ 006 | Oakland . SB Rochester Rd. & 32 Mile Rd. NB Townsend Rd..& Romeo Rd.” 1 1
" 007 Oakland‘ _ SB Williams Lake Rd. & Elizabeth Lake Rd. EB Davisburg Rd. & Bigelow Rd. I. 1
008 | Ingham .. SB Searles Rd. & Josco Rd. EB Grand River Rd. & Elm Rd. I 1
009 Kalamazoo WB D Ave, & Riverview Dr. EB DE Ave. & 32nd St. I "1
010 § Washtenaw EB N. Territorial Rd. & Dexter-Pinckney Rd. SB1J ennin’gs Rd. & N. Territorial Rd. 1. 1
|| 011 Washtenaw NB Schieeweis Rd./Macomb St. & W, Main St. SB Sharon Rd. & Ely Rd. I: 1
012 | Ingham .. NB Shafisburg Rd. & Haslett ﬁd. EB Rowley Rd. & Webberville Rd. I - 1
013 | Oakland . | 'NB Middiebelt Rd. & 9 mile Rd.. SB Evergreen RA. & 9 Mile Rd.. I . 1
014 | Washtenaw "WB Pack'ard:Rd. & Carpenter Rd., NB Newport Rd. & Miller Rd. I 1
015 § Ingham EB Haslett Rd. & Marsh Rd. L EB Bell Oak Rd. & Morrice Rd. I 1
016 | Washtenaw NB JordanRd./Monroe St. & US-12/Michigan Ave. NB Stotiey Creek & Day Rd. . 11 “
“ 017 | Washisnaw | "SB M-52/Main St. & Old US-12 “EB Scio Church Rd. & Fletcher Rd." = I 1
018 | Kalamazoo SB 8th 5t..& Q Ave. W38 Centre Ave. & Cox's Dr. | B 1 ||
|| 019 | Washtenaw 'WB 8 Mile'Rd. & Chubb Rd. “NB Pontiac Tr & 6 Mile Rd. I 1 "
|| 020 | Oakland 'SB'Lasher Rd. & 11 Mile Rd. .~~~ “EB:10°Mile Rd. & Livernois Rd..- 1
021 | Kalamazoo NB Ravine'Rd. & D Ave. NB We'smedge Ave. & F Ave, 1 1
|| 022 | Washtenaw EB Glicie? Wa)'r'/Glazier' Way & Huron Pkwy.” - SB Main St. & Stadium Blvd. I 1
023 | Washtenaw “{ WB Bethiel Ciireh Rd. & M-52 SB Clintori Rd. & Austin Rd. I- 1
(24 -] -Washtenaw : SB Platt Rd. & Willis Rd.- -1 'WB Textile Rd. & Maple Rd. - 1 1 “




Num County | Primary Site Lecation .. .- Alternste Site Location Type ] Str
025 | Ingham | ‘WE Firchburg Rd..& Williamston Rd. ‘| NEB Kirby Rd. & Race Rd. I 1
026 ‘3 Washienaw | EB Merritt Rd. & Stoney Creek Rd. SB Ridge Rd. & l;fctt Rd. 1 1
027 Oakland 5B Hickory Ridge Rd. & M-59/Highland Rd, | ‘WB Coimmerce Rd. & Duck Lake Rd. I 1
028 | Kalamazoo - | 8Douglas Ave:-& D Ave. . :NB5thi St. & D Ave. .. | | B

029 | Oakland . WB Wilnut Lake Rd. & Haggerty Rd, ) EB'Gr'and'I.{iver Rd. & Taft Rd. - I 1 “
030 | Oakland ‘NB Jossman Rd. & Grange Hall Rd. NWB Groveland Rd. & Dizie Hwy. 11 1 ]

© 031 | Kalamazoo EB H Ave. & 3rd St. | wB G Ave. & 7t st. I 1 ||
032 | -Kalamazoo EB TU Ave, & 24th St.lSprinkle Rd. EBRS Ave. & 26th St. ... I 1
033 | Oakland . EBR1-96 & Wixom Rd. WBR 196 & Milford Rd. { ER 1
034 | Washtenaw = WBL 1-94 & Whittaker Rd./Huron Rd. EBL 1-94 & US-12/Michigan Ave. ER 1
035 | Kalamazoo SBL US-131 &-M-43 SBL US-131 & Stadium Dr.. ER 1
036 ‘Washtenaw SBR US-23 & N. Territorial Rd. NBL US-23 & Whitmore Lake Rd. ER 1
037 | Kalamazoo. . -] EBLI54 & Portage Rd.. . . . EBR 1-94 & Sprinkle Rd, ... ‘ER 1
038 | Oakland .~ EBL 1-696 & Orchard Lake Rd. EBL 1-696 & NoviRd. - ER" 1
039 | Kalamazoo WBLI-94 & 9th St. .. . EBL 1-94 & Westnedge Ave. . ER 1
040 | Washtenaw - -} ‘WBR I-94 & Jackson Rd. EﬁR 1-94 & Aon Arbor-Saline Rd. - ER" 1
041 | Kalamazoo " - -. NBL US-131 & W Ave./Eliza St. SBL U'S—Iﬁl"& VW Ave, ER 1
042 | Kalamazoo 'NBR US-131 & Shiaver Rd. NBL US-131'& Q Ave. ER vl
043 } Livingston SB Cotintry-Farm Rd..& Coon Lake Rd. 'NB Pettysville Rd.- & Rush Lake Rd. I 2
044 | Bay .. WB Nébodish Rd. & Knight Rd. SB Bangor Rd. & Marquette Ave. I 2 ||
M5 | Macoihb:'.' SB Camip Ground Rd. & 31 Mile Rd. EB Irwin Rd..& Capac Rd. I 2 "
046 | Jacksen SB Beﬁton'Rd;Mﬁon lake Rd. & M-50/Brooklyn Rd. SE Meridan Rd.: & White Rd, I 2 II
047 | Allegan SB:6th St. & M-89 .. . SB 7th St. & 109th Ave. - I 2 |! ‘
048 | -Kent - EB 36th St. & Snow Ave. WB Conservationét. & Honey Creek 1 2




Num | County : ;'P_'t'-ih:lary_S;té Location Alternate Site Location - Type Str

049 | Livingston EB Chase Lake Rd. & Fowlerville Rd. SB Robb Rd. & Hayner Rd. 1 2 |
050 | Allegan WH 144th Ave. & 2nd St.” ‘WB 142nd Ave: &. 14th St. - 1 2
051 ] Livingston SB Cedar Lake Rd: & Coon Lake Rd. -EB Swartout Rd. & Chilson Rd. 1 2
052 | Jackson NB'Mt. Hope Rd. & Waterloo-Munith Rd. $B Coon Hill Rd. & Kennedy Rd. . I 2
053 Kent WB Cascade Rd. & -Thornapple River Dr. “WB 68th St. & Cherry Valley Rd. I 2
054 Allegan NB 62nd St. & 102nd Ave. SB 52nd St. & 103 Ave. I 2
055 Kent SB Meddler Ave. & 18 Mile Rd. NB Myers Lake Ave, & 15 Mile Rd. I 2

“ 056 Eaton SB Houston Rd. & Kinneyville Rd. 5B Roystoﬁ Rd. & 5 Point Hwy. I 2

| 057 | Macomb SB M-19/Memphis Ridge Rd. & 32 Mile Rd./Division Rd. WB 32 Mile Rd. & Pashalk Rd. . I 2
058 | Allegan NB 66th St. & 118th Ave. WB 124&1 Ave. & 58th St 1 2
059 | G Traverse NB Silver Lake Rd./County Rd. 633 & US-31 EB Cedar Run Rd, & Barney Rd. 1 2 i
060 | Gn Traverse EB Riley Rd. & M-137 WB M-113 & Hanna Rd. 1 2 "
061 | Bay -NB 9 Mile Rd. & Beaver Rd. WB Prevo Rd. & Fraser Rd. 1 2
062 ] Kemt SB-Ramsdelt Dr. & M-57/14 Mile Rd. NB Lincoln Lake Dr. & 18 Mile Rd I 2
063 | Eaton NB Ionia Rd & M-50/Clinton Trail NB Dow Rd. & Eaton Hwy. I 2
064 | Macomb EB 23 Mile Rd. &-Romeo Plank Rd. NEB M-97 & Harrington Rd. 1 2
065 - | - Livingston NB Old ﬁs423_& Grand River Rd. NB Hamburg Rd. & M-36 1 2
066 Jackson SWB ‘Horton Rd:- & Badgley Rd. NB Chapel Rd. & Michigan Ave. 1 p
067 | Kent :SB Belmont Ave.'-& ‘West River Dr. 4 EB Knapp St. & Honey Creek Ave. I~ 2
068 -] Eaton - EB 5-Point Hwy. & lonia Rd. . NB Stine Dr. & Kinsel Hwy. I 2 "
069 -1 Allegan WB 129th Ave. & 10th St. ~EB-135th Ave. & 12th St I P ||
070 -1 Eaton : EBR M-43 & M-100 -8B Dow Rd. & M-50 I 2 "
071 Ottawa | WB Taylor Rd. & 72nd Ave. | SB 104th Ave. & Felch St. I 2 II .

..072. | Bay . -EB Cass Rd. & Farley Rd. . . -SB Madison Ave. & Youngs Ditch Rd. 1. 2. "




.

Num County _Primary Site Location Alternate Site Location Type
- 073 Allegan - - ‘EB126th Ave. & 66th St. EB 138th Ave-.- & 52nd St. 1 2 IE
074 ‘ Bay - 'NB Mackinaw Rd. & Cody-Estee (Estey) Rd. | NB'7 Mile Ra. &ANewburg Rd. 1 2
075 -] Jackson EBR. 1-94 & Elm Ave. - - | [+SBL US--127 & Country Farm Rd. - ER 2
076 | Kent NBRUS:131 & 100th St. .. - | NBLUS-131 & 84¢h St. | Er 2
077 -} -Ottawa NBR 1-196 & Byron Rd. . NBER 1-196 & 32nd Ave. . ER 2 “
~ 078 | Kent NBL US-131 & Hall St. - SBL ﬁs-zsl & Burton St. ER 2
079 | Macomb -SBL M-53 & 26 Mile Rd. NBR M-53 & 23 Mile Rd. ER 2.
080 Bay NBR I-75 & Wilder Rd., SBL I-75 & Beaver Rd. ER 2
081 | Livingston - EBR I-96 &_FO\;lerviHe Rd. EBL 1-96 & M-59/Highland Rd. ER 2
082 -{- Macomb SBL 1-94 & 11 Mile Rd. WBL 1-696 & Gratiot Rd. ER 2
083 Jackson WBR I-94 & Sargent Rd. WBL I-94 & Mt. Hope Rd, ER . 2
084 | Allegan NBL US-31/1-196 & Washington Rd./Blue Star Hwy NBL US-31/1196 & Old US-31/68th St. ER 2
085 | Genesee SB Van Slyke Rd. & Maple Ave. EB HillRd. & Ce1‘1ter Rd. I- 3
086 Monroe N'B Bacon Rd. & Ida-Center Rd. ‘WB M-223 & Sylvania-Petersburg Rd. I 3
087 | Saginaw WB Baidwin Rd. & Fowler Rd. NB Carr Rd. & Marion Rd. I 3
* 088 | Calhoun NB 23 Mile Rd. & V Dr. N. WB V Dz, N. & O1d US-23 I 3
089 | Saginaw WB Wadsworth Rd. & Portsmouth Rd. SB Michigan Rd. & Crane Rd. : I 3
090 | Lenawee WB Slee Rd. & US-223 WB Sandy Beach Rd. & Hallenbeck Hyw. i 3
091 § Van Buren WB 36th Ave. & M40 NEB Red Arrow Hwy. & County Rd. 657 I 3 ||
092 Van Buren EB 63rd Ave. & County Rd. 65ﬁ NB County Rd. 657 & County Rd. 358 ‘ I 3
093 | Lapeer ‘WB McKeen Lake Rd. & Flint River Rd. NB Bocth Rd. & M-90 1 3 u
(94 | St. Joseph - NB Thomas Rd. & M-12 WB Millers Mill Rd. & Quarterline Rd. 1 3
095 Saginaw WBRatl:lbuuRd & M_oorisﬁ Rd. - EB Birch Run Rd. & Moorish Rd. 1 3
096 | Berrien - - ... | “NB Fikes Rd. & Coloma Rd. 5B ‘}ore Ave. & Meadowbrook Rd. 1 3 "

B




|

Num | County.. . anary Site -Locz;tion - Alternate Sitt_a Location : Type Str
097 ..| Genesee. .. ..-W}.E..Hegal RG~& M-15/Siate Rd. WB Bristoi Rd. & Atlas Rd. - 1 3
098 | Lapeer EB M-90 & M-9/M-53 WB M-90 & M-90/M-53 I 3
099 . s_aginaw NB Thomas Rd. & Swan Creek Rd. " EB Shatck Rd. & Center Rd. I 3
fl 100 | Lemawee WB Pixley Rd. & Deer Field Rd. BB Moore Rd. & M-52 1 3.
101 | VanBuren NB éoumy Rd, 665 & M40 EB 46th Ave. & M40 I 3
102 | Van Buren WEB County Rd. 374 &_; Red Atrow Hyw. EB 40th Avé. &.52111 St I 3
103 .. ‘Calhoun SEB Michigan Ave./Austin Rd. & 28 Mile Rd. WB M Dr. N &21.5 ‘Mﬂe Rd. " I 3 i
i 104 St. Clair ‘WB Norman Rd. & M-19/Emmett Rd. WE Donald Rd. & Martin Rd. | 1 3
105 | Monroe EB Oakville-Waltz Rd. & Sumpter Rd. NB Grafion Rd. & Carleton-Rockwood Rd. I 3
106 Berrien WB Glenlc;rd Rd & I.inco]n Ave. NB Rivérview Rd. & Brittan Ave, . 1 3
" 107 | Muskegon NB Whitbeck Rd. 8f Fr;.litvale Rd. | EB Hancock Rd. & Indian Bay Rd. I 3
108 { Monroe 5B Sylvania-Petersburg Rd. & Ida-V‘Vest Rd./N. Division St. NB Lake Rd. & Goetz Rd.- I 3
109 St. Clair ‘WB Masters Rd. & M-19 EB Lambs Rd. & Wales Center Rd. 1 3
116 St. Joseph SB Zinsmast-er Rd. & M-60 NB Anglevine & River Run Rd. I-- 3
111 Shiawassee NB State Rd. & Lansing Rd. ‘WB Cole Rd. & Reed Rd. 1 3
112, | VanBuren EB Celetj; Center Rd. & M-51 $B 39t St. & T2nd Ave. | I 3
113 .Sixiawassee Sﬁ Géeck Rd & M-21 SB New Lothrup Rd. & Easton Rd. I -3
114 Muskegon SB Holton Iiur;k Lake Rd. & R;erson Rd./Fourth §t. SB Brickyard Rd./200th Ave. & Ryerson Rd./Fourth St. . 1 3
115 | Berrien W Glealord Ave. & Hollywood R, NBKirk Rd. & ShanghaiRd. I 3
116 | Lenawee SB S. Potter Hwy & Deer Field Rd. NWB Cemetary Rd. & Silberhorn Hwy. I 3 “
117 Monroe . SBR 75 & Fron;‘. St./Monroe 5t. NBL I-75 & Plaisance Rd. ER 3
118 | Lapeer 'WBR 1.96 & Nepessing Rd. . WER 1.69 & Eiba Rd. ER 3
" 119 | Lapeeer . EBLL6S & Lake Pleasant Rd. WBL 1-69 Five Lakes Rd. ER 3
|| 120 | Bertien EBR 1.94.8 M.33 _EBR1-94 & Pipestone Rd, _ « ER .. | 3.




Num

County Pfiﬁafy Sit;. Location A.l.ternate Site Location Type
121 .| Van Buren EﬁL 1-94 & 64th St. 1. EBR 194 &.(S.ounty Rd. 365 - ER : 3
122 { Van Buren ﬁBk'zé# & Coun.ty.Rd. 652/Main St. WBR 1-94 & M-40 . ER 3
123 Muskegon NBR .US-31. & M-46/Apple St. SBL US-31 & Marquette Ave. ER . 3
124 Van Buren NBR 1-196 & M-140 | SBL 1-196 & County Rd. 378 ER 3
.. 125 | St Joseph NﬁL US-131 & M-60 SBL US-13.1 &Millard Rd. ER 3 ||
126 | Monioe NBLUS-23 & ida—West Rd. NBL ﬁS—23 & Ida Dixon Rd. . ER - 3. "
127 | Wayne WB 8 Mile Rd. & Garfield Rd. WB Warrén kd. & Canton Cent;:r.Rd. I 4
128 | Wayne EB Warren Rd. & Wayne Rd. NB ﬁeWbﬁrgh Rd.. & Warren Rd, I 4 ||
129 Wayne NEB McGraw Rd. & Livemois Rd. EB McNichols Rd. & Woodward Ave. 1 4 .
130 | Wayne NB Canton Center Rd. & Cherry Hill Rd. NB Huron River Dr. & Goddard Rd. ' I - -4 -:
131 Wayne WB Ecorse Rd, & Pardee Rd. WB Palmer Rd & Venoy Rd. I- 4
132 | Wayne . EB Mi.chiga:.l.Ave. & Sheldon Rd. . WB PaJmer Rd. & Lilley Rd. I 4
133 .Wayne | EB Ecorse Rd & Middlebelt Rd. SB Otter Rd. & Ju&d Rd... 1 4
134 | Wayne NB M—SS;’Fort-Rd. & Emmons Rd. EB Wick Rd. & Morten View Rd. 1 4
135 | Wayne “WB Glenwood Rd. & Wayne Rd. WB ioy Rd. & Middiebelt Rd. 1 4
136 | Wayne NB Haggerty Rd. & 7 Mile Rd. WB Ford Rd. & Ridge Rd. 1 4
137 | Wayne . . WB 6 Mile Rd. & Inkster Rd.. EB 8 Mile Rd.- & Evergreen Rd. 1 4 |
| 138 .| wayne WB Eurcka Rd. & Huron River Dr. SB Inkster Rd. & Goddard R, I 4
139 .| Wayne ; Sﬁ Men’iman Rd. & Cherry Hill Rd. 5B Metriman Rd. & .Cherry Hill Rd. I 4 u
1;10 | Wayne . SEB Quter Dr.. & Pelham Rd. -. - WB Joy Rd. & Greenfield Rd. I 4
141 | Wayne NB ﬁeridién Rd. & Macomb Rd. EB Eurcka Rd. & M-85 I 4
142 | Wayne | WBFordRa. & Venoy Rd. SB Shelden Rd. & 6 Mile Rd. -1 4
" 143 | wayne | SWB Vemot Rd. & Gratiot Rd.. SEB Woodwatd Rd. & Caniff Rd. 1 4
I’ .. 144 1 -Wayne WB 5 Mile Rd..& Beck Rd. . wB Plymot.tﬂl Rd.- & .Wayne Rd. g 4

|




Num | County Primary Site Location Alternate Site Location Type Str
145 | Wayne EB 7 Mile Rd. & Livernois Rd. NWB Dexter Rd. & Chicago Rd. I 4
146 | Wayne NEB Mack Rd. & Chalmers Rd. NB Hoover Rd. & McNichols Rd. I 4
147 | Wayne SB Biddle Ave. & Southfield Rd. SB Warren Rd. & Evergreen Rd. 1 4
148 Wayne EB Goddard Rd. & Wayne Rd. NB Howe Rd. & Annapolis Rd. 1 4 "
149 | Wayne WB 8 Mile Rd. & Kelly Rd. NEB Jefferson Rd. & Whittier Rd. 1 4
150 Wayne SB Mermiman Rd. & US-lZ/Michiéan Ave, ERB Cherry Hill Rd. & John Hix Rd. I 4
151 Wayne 8B Telegraph Rd. & Plymouth Rd. WB Ozkwood Rd. & Schaeffer Rd. I 4
152 Wayne ‘WB Sibley Rd. & Inkster Rd. SB Grosse Ile Pkwy. & Meridian Rd. I 4
153 Wayne NEB Mack Rd. & Moross Rd. EB 7 Mile Rd. & Mound Rd. i 4
154 | Wayne WB Annapolis Rd. & Inkster Rd. SB meg Rd. & West Rd. I 4
155 Wayne SB Greenfield Rd. & Grand River Rd. EB McNichols Rd. & Wyoming Ave. I 4
156 | Wayne EB Joy Rd. & Liverncis Rd. SB Schaefer Rd. & Schoolcraft Rd. I 4
157 | Wayne SEB Conner Ave. & Gratiot Rd. Eb Michigan Ave. & W. Grand Blvd. I 4
158 | Wayne NWB Grand River Rd. & Wyoming Ave. NEB Rotunda Dr. & Oakwood Rd. | I 4 1
155 | Wayne WBR 1-96 & Wyoming Ave. WBL 1-96 & Evergreen Rd. ER . 4 "
160 | Wayne EBR 1-94 & US-12/Michigan Ave. EBR I-94 & Rotunda Dr. ER 4 7
161 | Wayne ‘WER I-96 & Inkster Rd. ‘WHEBR [-96 & Beech-Daly Rd. ER 4 7 ||
162 | Wayne NBR I-75/Lafayette St. & Outer Drive SBL 1-75 & Southficld Rd.- ER ‘4 "
163 | Wayne NBR 1-275 & 6 Mile Rd. NBL 275 & 7 Mile Rd. ER 4
164 | Wayne WBR I-96 & Liverncis Rd. WBL I-96 & W. Grand River Rd. ER 4 ll
165 Wayne WBR US-10 & Livernois Rd. EBL US-10 & Wyoming Ave. ER 4
" 166 Wayne NBL F-75 & Springwell St. SBL I-75 & Clark Rd. ER 4 ||
" 167 | Wayne WBR I-94/Ecorse Rd. & Inkster Rd. - EBR 1-94 & Ecorse Rd. ER 4
“ 168 | Wayne SBR 1-75 & Sibley Rd. A v SBL I-75 & West Rd. ER 4 “




i APPENDIX C
” Calculation of Variances, Confidence Bands, and Relative Error
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The variances for the belt use estimates were calculated using an equation derived from
Cochran's (1977) equation 11.30 from section 11.8. The resulting formula was:

. 2
g[ N2, P ] g[ 25"

F-rf+—3 (=—F-—-
e N? Eg,,) g

e,

var(r) %75—1—2 (

where var(r) equals the variance within a stratum and vehicle type, n is the number of

‘observed intersections, g;is the weighted number of vehicle occupants at intersection i, g,

is the total weighted number of occupants for a certain vehicle type at all 42 sites within the
stratum, ; is the weighted belt use rate at intersection i, ris the stratum belt use rate, N is
the total number of intersections within a stratum, and s; = r{7-r}. In the actual calculation
of the stratum variances, the second term of this equation is negligible. If we
conservatively estimate N to be 2000, the second term only adds 2.1 x 10°° units to the
largest variance (Stratum 4). This additional variance does not significantly add to the
variance captured in the first term. Therefore, since N was not known exactly, the second
term was dropped in the variance calculations. The overall estimated variance for each
vehicle type was calculated using the formula: |

var(r,) +§ar(r2) +var(r,)+0.88 Xv&r(n)

3.88°

var(r )=

The Wayne County stratum variance was multiplied by 0.88 to account for the similar
weighting that was done to estimate overall belt use. The 95 percent confidence bands
were caiculated using the formula:

95%ConfidenceBand=r ,+1.96%y/ Variance

where ris the belt use of interest. This formula is used for the calculation of confidence
bands for each stratum and for the overall belt use estimate.
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Flnally, the. relative -error or premswn of the: estimate was computed usang ‘the

i .RelativeErr_‘or.zgf————m ‘“:W :

all

--The federal- gmdehnes (NHTSA 1992) stlpulate that the relat;ve error of the belt use
- estimate must be under 5 percent.
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