‘Economics of Safety and Seat Belt Use

Gienn ti[omqnisl

\ Multivarinte probit anabysis of automobile lip seat hell wse of over
808 drivers located throughiont the V.8, vielded stulistically significant

{ anck eensonuble results e which seat belt e or nemnise wis correctly

I predicted Toe 77% of the drivers, The variables inelnded in the empirical

wnthysis follow direcily fron o theorctical wode] of life-saving wetivity

! developed fn the paper that views the seat helt use decision as primarily

: ceonomic. Use of seat bells was eapecled ta be greater when the

productivity in preventing injury was greater. Sead helt produoctivity
variuhles found fe he important were age of deiver, male sex, and rural
speed limit, all of which ineressed seat helt use, Use was also espucted fo
he greater when the value the driver places on his Fife is greater, Futoee
fabor earnings and health were ihas 1!mmd to significantly increase seat
bell use, Higher costs of using seat belts were expected 1o reduce seat
belt uses [ndeed, high wape sutes, short Irips, extra adjustment and
fastentng due to family demands, and Lack of edueation were found to
deerease seat belt use, A useful poliey implication is that considerstion
of such thne costs {including inconvenience) is imperative in formulut-

ing any successful safety regalation.

Beginming with the henchmark Califor-
nia  study  (Masheimer, Mellinger, &
Crossley, 1966}, social svientists have
strived to eapliin why some drivers wse
astomohile seat belis and others do not.
Maost of the work consists of looking at
twa-way tables depicting the association
of seat belt use with age, sex, race, marital
status, driver altitudes, and driving cou-
ditions {Council, 1968; Marzoni, 1971;
Morgan, 1967: Roberdsen, O'Neill, &
Wixom, 1972). While iusight has heen
gatned, the sk has become increasingly
difficult as seat belt ownership has be-
come nearly universal in contrast to seat
helt use. in response, concerned parties
have proposed several mandatory meas-
ures including ignition interlocks, seat
bebt use Taws, and passive restraints such
as i hages,
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This paper attempts to shed some light
on these proposals by presesting from the
individual’s viewpoint a theoretion] and
cmpirical amdysis of the life-saving activ-
ity, seat bell use, The approach is an
economic one in which the individuul
seeks to obtain the most satisfaction he
et with the limited amount of tine and
maoney at his disposal and is offesed for
consideration ax an alternative o those
found in the studies meationed above,
Consideration is given not only to the
obwvious hencfits of seal helt use, but also
to varintion among individuads in the
henefits and costs of seat helt wse. Discus-
sion of the resulls of mulivariale probit
{stutistical) analysis Temtures the partiol
clfect of each explinatory variable, some-
thing not found in cnmpirical studies
based on simple correlations,

THEORETICAL MGBEL

Life-saving activity. Fhe seat belt nse
decision can be thought of as part of o
gg:ueml cconomic problem, that is, how
much of limited resonrees shal be spend
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on current consumplion, how much on
future consumption, amd how much on
life-saving activily to inerease the proba-
bikity of survival, The individual strives
to get the preafest possible utility {an
abstraet, quantitative measure of satisfae-
tion with utils as the unit of account) from
his espenditures an consumption of ordi-
nary goods and serviees, Sinee he is not
cerlpin of experiencing consumption in
fuiure periods, he steives to obtain as
mich expected ulility as possible. For an
individual concerned with the present
period, which ke is cestain to survive, and
ene {ulure period, whiel he will survive
with some probability, the expected utili-
ty in wtils is:

1. B{U) = U {C,,8) + PU(Cy)

where (U} is expected lifetime utility,
and U(C,,5) is period 1 atilily which
depends on period 1 consumption (G}
and any diswtility of Jife-saving activity
{8). The appearanee of 5 in U{G, 5} allows
for a disulility of Yife-saving activity aver
ael above the resonrce cost of Hfe-saving
activity which appears in the budget con-
straint. P is the probability of survival o
the end of period 2. U{G,) is the utility of
perivd 2 consumplion (€. Any he-
gueitlunent is part of G,

Life-saving activity is a malter of
chnice and is something that affects the
probability of survival (P) and the proba-
bility of nonfatal injury (R). Life-saving
activity increases Lhe probahility of sur-
vivah
5. P=P5 >0
where P* is the fiest derfvative of P with
respeet to 5. It decreases the probability
of a nondatad injury:

JR=RS W<
where R* is the first derivative of R with
respect lo §.

Lile-saving activily (S} nlfecls expected
lifetime wtilily in three ways: (1) An elfect
on period 1 disutility via S which enters
directly in equation §; 2) an clfect on the

probability, P, that the individoal will
experience period 2 wility as governed by
equation 25 and {3) an effect on resources
available for consumption as governed hy
injuries via equation 3 and the budgel
comstraint which brings in resource cosis
of the life-saving activity. 'The faet thut
only a finite amount of resources is avadla-
Ble is shown in the budget constraint
whicl siys that what is spent equals what
is available to be spent, Assuming indi-
viduals possess some nophuman assets,
the budpget constraint in dollars, where
the price of G, is $1, is:

A
oW T A
U R T
where the lefi-hand side (LIS) @s the
present value of espenditures on con-
swmption and Hle-saving activity less the
expected cost of morbidity (nonfatal inju-

4, Cy 4 aS+ RI+

v} and the right-band side (RIS} is the

present value of lubor earnings phus non-
husman assels, In equadion |4, g is the cost
of life-saving activity in terms of con-
sumption, 1 s the present value of the
morhidity loss in period 2, { is the rate of
return on nonliman  capital {inferest
rated, Wois 1he individual’s vakoe of tine,
T is tolal thee in a period, and A is the
present value of nonlabor incone, Future
quantities are discounted since with a
positive interest rate a dollar next year is
worth less than a dollar this year,

Fhe individual chooses period | oon-
sumption, perfod 2 consumption, and
life-saving activity fo maximize espeeted
lifetime utility subjeet {0 budget con-
straint. The first order conditions, neces-
sary For maximization, can be abtained by
differentinting the Lagrangian with res
sprel o Gy, Gy, imed 8,7 The condition of
interest in this paper (shown in equidion
5} is lifesaving activily, one form of
which vields the statement that the value
of marginal product in reducing wortality
plus the value of marginal product in
reducing injury loss equaks mavginal cost:

TThe Lagrangian capression 43 is formed by combrining capestions 1 and -1 as Tolows:

o= WOLSY + PREY — A TC, + oS ¢ BT+

IE

- W — T — A
+i i
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whese b iy e Laggranggian anltiplics w el can be jnlerpreted as the sddition to utility fam asralbinerease

i ince, e AL Ehe first orber conditious aee U = 2, PU, = i -, el cequation 5 i e dest for £, G ind
+i

5, respectively,
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5 P’V — R = K where

6.V = UHLMA and

7.K=yqg- Ui

and where the unit in each equation s
dollars per unit of Cp.

On the LIIS of equation 5, I 15 the
cange in the probability of survival due
to a4 change in life-saving activity aml is
by definition the marginal physical prod-

wet in reducing moriality. The “value of |

fife” (V) as shown in equation B is the
value of wnit change in the probabilily of
survivalz mnd s equal to the monetary
worth to the individua! of his future wili-
ty from period 2 cansnmplion. R’ is the
changae i the probability of nonfatal inju-
vy due to o change in life-saving activity
amdl is by definition the marginal physical
product in reducing injury. s the pres-
ent vatlue of the nvoided morbidity loss.
On the RHS of equation 5 is the vost of
life-saving wetivity (K} and, as shown in
equation 7, it is the dollas wargingl cost
{ep) plus the monctary worth of the disutil-
ity cost (—UJA) where U, s the direct
change in atility due to more life-saving
activity and is negative,

The equilibrium condition is depicted
in Figare 1 which shows the detenmina-
tion of the optinsl wnount of hife-saving
activity, 5*. Helding constant the value of
murginal product curve, anything that in-
creasos the cost of Hle-saving activity

+ shifts the marginal cost curve ap and
rednees §%. Thus, un inerease in cither the
dollar cost {g) or the disutility cost

(= UJA) will canse a deerease in 8%, Hold-
ing the marginal cost eurve constant, any-
thing that inereases the value of margiuad
prodhieet of life-saving activity shifts the

* valne of marginat preduoet curve up and

. increases %, Thus, an increase in the
sl product (P7), the value of lile
(), the aarginal product {1t'}, or ihe
vilue of avoided morbidity loss {1} will
251 of Hlv™ as the tenn s ased in this paper s

L Tssedd on e value of inereasing the probability of
survival by u smabl aneunt, For eise of reference

< aned wind of @ better stobard only, the vatue of
small dhange is extrapalated io aunit (0 lo Prehamge.
Zalue of bfe in this coueat is the vabue a drive
places on e swall (et arporlant} inerease his
prolrbility of smvival iF e wses a seat Lelt, st
5111}(15&- varlie e places o svoiding belng pushud off a
hik.
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FIGURE 1
DETERMINATION OF OPTIMAL
LIFE-SAVING ACTIVITY
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inerease 8%, The value of life van e
expeeted to increase as there are increases
in the present vadues of labor and nonta
bor income and fhe amonnt of time
available (T). T may be influenced by
health, These and other implications are
presented elsewhere (Blomauist, 977
where a model for persons whe do borrow
against future labor income is also con-
siclered. Thus, for seat belts we expect
greater use by drivers Tor whom dollar
and disutility costs are low and forwhom
seat belt productivity, vake of life, and
potential morbidity loss are high.

METHOD
Seat belt use data. A data set patticularly

well suited to explaining seat belbuseis A-

Panel Study of lcome Dynamics, 1965-
1974 by the Survey Research Center, in-
stitute for Secial Rescarch, University of
Michigan. The Peanel Studdy, which is
used in this paper, is a nationwide sarvey
of 5517 houscholds followed through the
7-vewr period, with approsimately 500
variables for each househoid. Fhe Punel
Study [ocuses on vmployment, income,
and education of the household and gives
detailed information on driver eharcter
{sties not available i other surveys

The seat helt use variahle perlaing ondy
t fouschold hreads and oudy to the driver
of the car and is for the vear 1972, The
variable lakes the value of il the driver
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chiims to use seat behts ail of the time and
0 it he claims use for none of the thne, A
preferred seat belt use variable woukd be
based on observed oF measured use vis-a-
vis eluimed use and would include pari-
time use lo adlow for use on some {rips bt
not others. In other work (Waller & Baery,
1968}, researchers observed driver use of
seat belts from a passing van and then
mailed 4 questionuaire about seal belt wse
o the driver. They found 23% of the
drivers whe elaimed they always wore
their seat hebts were observed not wearing
belts an Jocal drips while 51% did wot lor
long trips. Another study (Marzoni, 1971)
using a similar technigue feund ahout the
same apwark biss for short trips, but
found Jittle hias at all for long trips.

A question aboud pari-time seal belt use
was asked in e Panel Study, hut these
observations ure deleted from the sample
used in this paper beeause survey report-
ing error is expected with many people
feeling godlty about not wearing scal behly
and claiming greater than nctual use, Al-
though the fraction of the fime that cach
individual uses seat belts is not available,
& erade method of determining the aver-
mie use of part-titne wsers is to assign
several different percentages to all part-
time users and see whieh phenomenon
can he best explained (stalistically) with
the same independent variables, [t was
formd that seat belt use was explained
best when part-time users were assumed
to use seat belts 20% of the time. When
pari-time users were deleted (rom the
sample, explunation was better vet, tndi-
cating reporling error was less of 4 prob-
fem with the more exelusive sampie.
Usingr the 1972 national sample from the
Panel Study, varinbles suggested by the
model representing wmeasurable eharae-
teristies of the valwe of tfe, cost of seat
Beit use, and seut ekt prodluctivity were
wsed in probit analysis 1o explain varia-
tion i the use of seat Delts.

Probit analysis, Probil snalysis, like mul-
tiple regression analysis, is a statistical
procedure in which variation in the de-
pendent variahle (seat belt use among
drivers) is acconnted for or explained by
Aarfation in several independent or ex-
platory  varinbles {cost, productivily,

vte). The coefficient of & variable tha
prompls greater scat helt use {productivis
ty) will have a positive sign whereas a
variable that inhibits vuse (cost) will have
a negative sign, I the variable is fmpor
tant, it will bave a coellicient that i
stutistically significant, that is, signif-
cantly different from zero as indieated by
a munerdeally large fvalue, Probil is nsed
instead of regression anulysis beeause of
its  superior  sttistieal  characteristicy
when the dependent variable is hinary,
taking on values of | when seat belts are
used or @ when oot used. An atlractive
feuture of hoth of these techniques §s that
the coefficient on a particular variable
gives the separste effect of that variable
on seat belt use exclusive of the effccts of
any other variables in the analysis, e.q.,
the effect of age when education is held
constant. For - further  discussion, sce

Beales (1972) or Kienla (1971),

Seat belt productivity variables, Automo-
hile Tup seat bells are recognized as offec-
tive devices for achieving injury redie
Hon in an accident if they are wom
{Griffen, 1973). Seat belts reduce injuries
becanse they prevent ejection fram the
sutomaobile, and they help prevent inju-
ries that resolt from striking objects i
side the car. The montality productivity
() of seal belts is the product of the
probability of a fatal accident and seat
belt eifectiveness lor reducing fatalitics
where effectiveness is the deerease in that
probability if seat belts are worn. The
morhidity productivity {R*) of seat helts is

the praduct of the probability of an injury -

(monfatal) and seal belt effectiveness far
reducing morhidity where effectiveness is
the decrease in that probability #f seal
belts are worn. As indicated in the previ-

ous seetion, seat belt use is expeeted tohe -

greater among drivers for whom seat belts
are highly productive than among other
drivers, The literature suysests several e
tors that determine seat belt productivity.

Analysis of traffic accident data and the -

naticeably higher fatality rates in rural
wrens are grounds for the conimenly held
helief that the prebability of an accident
invatving fntality or injury increases with
speed (Jokseh, 1975). Speed also in-
creases the effectiveness of seat helts, at
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least up 1o moderstely ligh speeds
(Campbell et al., 1974; Council & [Huni-
e, W7 Levine & Camphell, 14971),
Thus, up 1o a certain point, speed in-
creases seat bell productivity,

To capture the effect specd has on the
imeentive Tor different drivers to use seat
hehts, the variable used is the 1972 rugal
speed Hanit for the stute in which (he
driver resides, RSPEED. "The Hinits used
vary Trom 43 to 70 miles (69 1o 113
kilometersy per howr and wre hased 0B
those in an athas (Rund MoeNaly, 1973)
ant those ased in another sty (Peltz-
n, 1975}, RSPEED shoul) havea posi-
tive sign. As an approximation to a rather
complex  rurd-urhan dehinition,  the
RURAL variuble takes on a value of | if
e driver resides in o eonnty that is not
part of a Standard Metropolitan Statistieal
Area (SMSAYand a valwe of O if the driver
lives in a county that is, Sinece averige
Speed s higher in rural areas, the expeet-
ed sign of RUBAL is positive. INTER
takes on a value of 1 il an inderstate
highway puasses tirough the county in
which the driver resides and 0 if ned
according to the Hand MeNally s,
The faet titt the average speed higher

for inlerstates than for other roads makes -

for a positive effeet of INTER on seat bely
praductivity. However, the Faet that inter
stittes mcldusigucd For high speed travel
atd ure isherently ess dingrerous to trave
el mukes fbr a negative effecl, INTENR ean
kave an additionat effect through seat heli
cost as will be discussed helow.

Seat beft productivity is different for
men and women, since women drive
under less hazardous conditions (han
men {Weber, 1975), While the accident

- 1ates for women and men are about the

sume for the smaple, wen are nvolved in
mare latal accidents (63 por bitlon miles)
han women {27 per billion wiles), This is
primarily hecause men do most of he
pleasure and night driving when the
probability of a fatal aceident is highest.
SEXF tikes on the value of 1 if the driver

- s female and 0 iF male and shonld lave a

negative coelficient.

Seat bel use is expeeted to he high for
older deivers beeanse they have higher
aceilent rates and they are losy resiskand
lo injury. Accitent rates For those under
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25 and thuse over 60 are higher thaw he
middie uge group (Weber, 1975} The
conditionnl probability of a [akality given
the driver bas an accident increases with
age for those over 25 and increases faster
as one gets older (Preston, 1975). Older
people are also meore likely to he infured
in an aceideat (Broaks, Nahum, & Sivgel,
1070}, Since seat belt productivity defi-
nitely appeirs {0 increase with nge pask
25, the sign of AGE should he posilive,
There is a notion that seat helts are
-more elfeetive in cars of a cortain size and
welght than in other ears, but a rather
surprising finding (Campbell, O’Reill, &
Tingley, 1974} is that seat belt offective-
ness does not vary significantly with these
car characterdstics, While a futal injury is
more tkely to occur in & small, tight car
than in a large, heavy one, the reduetion
in fatalities with seat bels s ot greater
for the small car thaw the large. Apparent-
Iy seat belis do not protect quite as well in
small, light cars and this offsets the higher
polential for inereased seat beli effective-
ness, Data on ear size and weight nre not
available in the sample, however. Conse-
quently, the hypothesis that their cocffi-
clents are zere will not be lested,
Another liypothesis that will not be
tested  concerns  aleohol consumplion
which is considered a major factor in fatal
accidents, implying a high prroductivity
of scat helts for drinkers, Nevertheless,
secording to one study {Stering-Smith &
IFell, 1972), the aceident rates of drinkers
wndd nondrinkers are the same. The appEo.
priate aleshol variable is one that indi-
cates whether & person drives while under
the influence of alcohot. Unfortunately no
such variabie is available in the Panel
Study.

Vardables for the cost of seat belt use. Seat
belt use is expected 1o he less Umot
drivers for whom the costs of seat heli use
are high than among othier drivers, The
cost aé’ seat hell wse is compased of two
parts: (1) time costs, ¢, involved in Bud-
ing, untangling, fastening, adjusting, and
urdastening seal bebts, and (23 disntility
costy, —UJA, which include discomfort,
incobvenicnce, and information cosls,®

3 The problent of fivetk costs wssociated witls fstafh
tinn costs bs ciren ented by limititgs the sample 1o
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! The literature suggests that the time
! cost (¢} is an imporiant element in the seat
{ belt wse decision. A perdect correlation
] {+1) between seal belt use rate by car
make and the eonvenienee rating given Lo

' the seat helt configuration of that make
! was foud ($lix & Ziegler, 1974}, Swedish
; reports show that bedt use is higher for
cars equipped with atomatic held retrae-
tors becawse they prevent misplacement
amd entanglement (Veuotre, Bullics, Tuar-
riere, Hartemann, & Fayon, 1975). In
another study {Colien & Brown, 1973},
seat belt use in North Carolina rental cars
. was measured with mechanieal counters,
! and # was found thal convenient desipn
! inereased seat belt wse, While the belt
counld he fastened at the first stop 1ight or
sign, lhe time cost does appear o he
iporiant.

Anwual Hine cost varies with the driv-
4 er's value of time. The value of time
varlithle used is the driver’s average annu-
- al hourly wage rate, WAGE, oblained by
N dividing 1972 ecarnings by 1972 lowrs
] worked,d With an incicase In the wage
Tn rale, vost increases so that the expected
coefficient on WAGE is negative. It does
o) not madter i the value of time is equal to
WAGE, hiowever, since as long ax it is
proportional to WAGE any diflerence
will be captured in he constant term of
the probit equation.
- Ananual time spent increases with the
. member of times the driver goes through
0 the buckbing and unbuekling procedure,
: Drivers who take longer trips are expected
! {o use seat belts more since time cost s
lower i amnumal mileage is constant.
WORKLN i the distance from restdence
te work il the individual drives o work
anel s O iF other tnusportation is used.
VACLN is the number of weeks of viea-
tion laken in 1972, indicating the feagth
of u possible automobile trip, WORKLN
and VACLN should have positive signs.
INTER may indicate lower costs since
one suspects seat belt wse is higher for
tliose drivers who sdrive cars with seat belts atrculy
irstatled in them which for 1072 was abont 80% of
diivers.
ABinee WAGE v o crucial variuble repoosentingg the
cost of seit hebt nae, the sumple i Timited to deivers
who worked in 1972 in onber s avoid the probleny of
estimating the bdiviehpl s stiulow wite,

I

interstate travelers beeause greaier trip
length reduces the number of fastenings
and unfastenings for a given pumber of
miles driven per year. The nel effect of
INTER ix ambiguous, however, hecanse,
as pointed out earlier, seat belt productiv.
ity miay bue fower on interstates.
Dillicelty in adjusting scat Delts leads
to greater time costs. Elsewhere (U8,
Deparbnent of Transportation, 1972) il is
posited that time costs inerease with com-
plexity of the belt system, tack of Tamil-
farity witle belt, the nwmher of drivens
using the car, and difficulty in inding helt
ends B the driver must comypletely read-
just the seat belt as well as fnd, antange,
Fasten, and unfasten it, he incurs a greater
time cost than if ke only has to make a
minor adjustment. A marcied driver is
ikely to incur such cost hecanse of the
sponse’s  different dimensions. MARR
takes on a valne of 1 i the driver &
married and @ if the driver is single and
should have a negative sigu, KIDS is the
namber of children the individual Tan
wnd the expected sign is negative for
reasons simikur te those for marital status.
While adjostment cost may not change

“with the presence of chitdren, the diffi-

culty in finding and untangling helts will,
In addition, extra huekling and undbuck-
ling by the driver may be neeessary to
tend {0 children. 1n this econvmie frame-
work, marital status and children can be
expeeted to alfect seat belt use through
vidue of Hife as well as cost, but this will
be discussed later,

Education inercases the efficieney of
the conswmer in production and alloca-
tion {(Michael, 1972; Welch, 1970). Allow-
ing that there is a prodoction effed o
education that enables o more educated
driver to fasten and unlasten seat bels
more quickly than geerge, he incurs a
snuttler cost {ut any given froqueney o
seal belt use mad value of time). Practical-
Iy, this production elfect is likely to be
negligible, Alowing that there is an allo-
cation effect, edueated drivers acquire,
evaluate, and use iflonnation aboul seat
belts easily and will use seat belts maee
thiy less eduewted drivers. This cost b
imobservable and indistinguishable from
o low UL fA,
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TABLE 1
AGE-EARNINGS PROFILE
EDRUCATIONS EQUATION
04 = 5108 + 1979 AGE, ~ 4.6 AGL2 + 00581 AGES
58 =688 + 6533 AGE, — 1165 AGE? + 00662 AGE?
o1k —I86.2 + 261.7 AGE, ~ 2,62 AGE?
12 =10210 + 9292 AGE, ~ 1692 AGE? + 0,108 AGE?
13-15 — 13330 + M6 ACE, — 15.74 AGE# + G.0708 AGE,?
16 By =~ 15330 + 114549 AGE, - 15.57 AGE? + 00623 AGE?
e 17+ By = —05700 + 2382.0 AGE, — 3598 ACI? + 02055 AGE?

i\’f»tv.—-E. is the Fabur ciendngs in yeor i
Education is by gaule tevel complebed.

EBUC is based on years of selioaling
completed by the diver and is formed
ustag weighls derived in another stady
{Weleh, 1966); the weiglts inerease with
sehooling, reflecting inereasing learning
elficiency.d

Labor wealth  variable—foregone euni-
ingrs, Wealth inereases the mmount of Hfe-
saving activity in which a person will
engrage according to the model presented
aliove, Human wealth, which typicudly s
mast of a driver’s wealth, is measured by
EARN, the present value of expected -
ture labor carnings, KARN is based on the
cmeept of age-carnings profile, By using
these carndugs patterns, some of the ol
vious errors in measuring income by oh-
serving people at dilferent stages of the
life eycle wiill he avoided.

In generating the ahor wealth varialie,
we deline the age-carnings profite for
each of the seven edueation fevels for
which data are wvadlable {(Mincer, J97.10
The estimated profiles are given in Table
L The infonmation available for cach in-
dividual deiver is used, For while ewch
Individual is assumed Lo have o typically
shaped Gloped) profile for his respective
education level, the intereept of the e
Yion that describes the profile is allowed
o vary by indivichual. Exceptional appor-
tanity or ability is refleeted in high carn-
s, The individual’s age and nvere
smual hourly wage rale are known for
72, Fulltime carnings are caleulated
by multiplying the 1972 average howrly
e citegurion Tor grades comploded ase: 0, 15,65,
B10,12, 12 plus dsdning, 1315, aud 16 pus; gk
the aespretive weights are: 0410, 0.25, 175, 143,
228, 25, 3.05, wl 127,
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wagre mate by 2000 howrs () hours per
week for 58 weeks), and these varningts
are the inlercept of the individuals -
file at his 1972 age. As with the wage raie,
if 2000 is not the correet constant 1o nse,
at feast earnings across individuals will
he proportional to full-time carnings and
the diffesence will e incorporated in the
prabit constant. {In the next section, (he
definition of EARN based on 1972 [ull-
tire earnings is tested against several
other definitions, including actual 1972
carnings.} Using 1972 age and foll-time
earnings, the appropriute SRETC-CAINES
profile is obtained for each individual
becanse the intereept is uniyue for cach
inclividual. The age coclficients are differ-
ent for each eduention tevel as well,
We predict the earnings for vach year
and mudtiply each vear's carnings by the
approprinte probalility of survival and
disconat factor, The swn of sael vear's
expected discounted full-time labor earn-
ings is the virriahle LARN;
B EARN.bSA = iﬂ oot P e

b pa T e T, P
where a is age in 1972, b indicales ruee, o
fndivates sex, d indicates educntion fevel,
1, is the annagl probability of swrvival for
age b, and By is predicied annual abor
varnings st age j. EARN §s determined for
sch individid using ealenlated annual
probabilitics  of  survival {Schrimper,
1970, Although they are based on Chica-
fo ared morabity dala, g compurrison of
Schrimper's 5-year survival prolahilities
for Chicago and those for the U5, (BDally,
1973) shows lide difference. EARN s
compided wsing theee discouut factors, 3,
10, and }5%, amd the question of which
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TARLE 2
PRODIT RESULTS FOR
SEAT BELT USE AND NONUSE

VAIHAHLE COEFFICIENT t
RSPEED Dt g 115
SEXV -0.525 =3 Hjr e
AGE oz J4grree
EDUC 304 X RARS
WAGE - 00795 ~ 159
EARN ARG 24501
WORKLN {1621 2.0 e
VACLN (LONY A5Ms e
PROPY ~ 04D ~20yrer
HIALTH G892 J.a20eee
KEDS . —hUB50 —3. 184
MARR —0.202 ~2.150 ¢
CHURCH GLEI523 357 e
CONSTANT —7.217 —4.8G0 ¢
p o= .25,
oy <0,

2 < A5,
serep < 0],

disconnt factor is more appropriale is
investigated,

Other calue of life vaviables. An implica-
tivn of ihe economic model is that the
derived demand for Ffe saving (S) is high
for individuals with high values of Hie
V), that is, "whe value highly small in-
creases in the prolability of survival, The
eliects of nonhuman wealth and good
health should be similario that of human
wealth in that each increases the value of
life theough permitting more consump-
EHion.

PROPY, the variable nsed 10 measure
nanhuman wealth, is the driver's share of
1972 Lamily income from transfers, home
ownership {fmplicit and explicit), bonds,
stoeks, and other assets.

The variable for good heakth fs hased
on a question canceraing anmnal hours of
ithuess, For the frst 8 weeks of illuess, a
sick day counts as 16 sick hours; there-
whter caeh day counts as 12 sick hours,
Consequently, the maximumn number of
healthy hours in o year ix 1582, HEALTH
is a measure of good health in that i
equals 4592 less e reported wunual
hours of sickness in 1972 Healthy drivers
are expeeted 1o wear seat belts hecause
they have high valies of life,

EARN, PROPY, ad HEALTIL aifect
seat belt use hecanse From oar economic
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viewpaint they are determinants of e
vitue of Jife, bt these are not the sole
determinants of the value of Jife, One eag
iaterpret the previously introduced varia
bles, MARR and KIDS, in thiy Light,
there is a notion that, because of bitesde.
pendent utility lunctions dove} or howse
Lold production advaatages {specializa-
tion}, married people witl ehildsen have s
higher value of life. If true, seat belt use
need not be fower for marvded drivers or
drivers who are parents despite Uie higer
cost they incur to wear seal belts. Another
vitlie of life viriable that is available and
that is tempting to try is ebureh attend-
ance, If churchgoers attach a high value
to life or for bfe style reasons behave as if
they do, then they will tend to use seat
belts more than  otherwise expeeied.
CUHURCH kkes on the value 52 if the
sespondent answered that he attended a
service at least once a week, 24 if e
answered that he attended 1 te 3 times per
month, 5 if he answered that he attendod
less than once a month, and 0 if he
answered that he never went to a service.
While there are certindy other interpretas
tions of ihe productivily, cost, and espe-
cially value of life variables, the discus-
sion of each Follows the economic model
developed.

RESULTS AND DISCUSSION

Following the theoretical model of in-
dividual constunption and life-saving ac-
tivity, and using the varinbles available i
the Panel Study for seat el productivily,
cost of seat belt use, mnd valoe of 1ife, seal
belt use is studied statistically through
muliivariate probit analysis, The resnlls
are presented in Table 2, with definitions
and imeans of the variables given in Table
3, aud summary statistics of the probil
cquation given in Table 4. The overali
performrance of the estimated equation is
best judged by o generalized tkelihood-
ralie test using the stalistic minus two
times the tikelihood-ratio. The caleulated
statistic is 281 which is significant at p <
0l

In eansidering the resulbts Tor each vari-
able, we will fisst examine the seat heli
productivity variables (1% sud 13 antici-
pating that fhe greater are P and R the
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TABLE 3
MEANS OF PROBIT VARIADLES, 1972

MEAN . UNFE OF
VARIARLE BEFINITION VALUE MEASUNE
shy Seal helt wse-nonuse (.26 Belt usersfalt drivers
HSPEED Rural speed limit 60.0 Miles pes hone
SEXE Sux 0.119 Fewnde driversfal} deivers
AGE Drriver age 34.2 Yiars
EDUC Education 2.3 Weleh bulex
WAGE Wage rate A4.66 Botluzs per houe
EARN Labar wealth 94,19 Thunsiands of dolbaes
WORKLN Eengih of work trip 7.9% Miles
VACLN Length of vacation 2.02 Weeks
PROLY Nonlabor income Lig Thonsunds of doblurs
HEALTE Health 4.515 Thousands of healthy hours
kDS Clilbren 133 Numbser of childeen
MARR Marital slatus 04523 Mirricd dhriversfall drivers
CHURGH Beligious attendancs 23.2 Services per vear

"The average driver Tias jist a bit more than a high scheal education.

more the driver uses seat helis.

It should be kept in mind that each
probit {or regression) cocffieient repre-
sents the partial effect uf the appropriate
varinble, something not delectable from
correlution  cocflicients used in earlier
studies, For example, the probit coeffi-
cieat [or AGE gives the effect of AGE an
seat belt use, holding constant the efieet
of WAGE, ERUC, cte.

In Table 2, the positive sipn of
RSPEED {(state rural speed Hmit) reflects
e high productivity of seat hells for
drivers who reside in states where high
speve driving s aHowed, These drivers
wre more fikely 1o be involved in poten-
lially injurivus aceidents and accordingly
are more likely to use seat belts. The
negative sign for SEXF (female driven)
reflects low productivity of seat helts for
women, whoe tend to drive umder saler
conditions than men., Since women ase
less prone o involvement in injury aced-
denty, they are less likely to use seat belts.

The positive sign for AGE rellects the
it productivity of seat belts for older
drivers who are more likely to be involved
i an injury aeceident. It was suggesied
above that the age-seat belt productivity

“relationship is nonkinear. While a cpekiked-

ratic relationship with AGE and AGE-
squared produced @ negative sign on
AGE-squared with a ¢ value near -1,

stratification of drivers inte 1734, 35-55, -

aud 56-69 age groups was significant ac-
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carding to a restriction 7 test and showed
seaf belt wse was indeed sensitive to
changes in age for the oldest gronp.

The resnlis shown in Table 2 de not
contain the varinbles RURAL (non-SMSA
county of residence) or INTER (interstate
highway}, because cach had o £ value well
below 1 in preliminary regressions and
their deletion caused little change in the
coeffivients of the renmining variables,
The low level of significanee of RURAL
coubd well be due to the faet that the
SMSAfmon-5MSA  definition used does
not corretnie well with the highway de.
partment’s definition of wian-riral road-
way. A farm-nonfann viriable was tried,
but with similar resalts. The result that
INTER was not signifieantly «different
from zero is not surprising, since the
produetivity effect of high speed and the
cost effeet of Towyg trips is probably offset
by the safe design of intersiates.

Peltzman (1975) found that per capita
automaobile accident death rates can be
explained in part by average urhan trallie
density and nverage rural traflie densily

TABLE 4
PRODIT SUMMARY STATISTICS

STATIS I

Loy likelihood satio fimes minms twn
ef £3

Percent correck predictions 7
Number of observations B854
157
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with death rates higher for increases in
urban density and lower for increases in
mral density. One might espect seat hoft
productivity to be high for densely popn-
lxted urban arcas, but when two such
density variables were trivd the ¢ vidues
were quite low and further refiuement
was not purswe,

Coastdering the probit resulis, we turn
next to cost (K} variables, expecting that
drivers who face high vosts will be Jess
Hkely 1o use seal helis,

The negative sign of WAGE (Table 2)
evidences the high e cost {¢) for driv-
vrs who have a high value of tdme and
indicates that they are Jess likely to wear
seat belts, The result emphasizes the fin-
portance of convenience in the design of
safety produets. The pesitive sigons of
WORKLN {work trip fength) and VACLN
{vacation length) refleet the low time cost
of seat bell ase for drivers who do not
lawve to contivually buckie and wnbuckie
beeanse of longer and Fewer trips, The
negative cost effeets of MARR {married
driver) and KIDS (mumber of children}
indicate that the eHeet of high time costs
due to extra adjustment, fastening, and
unfustening is greater than any effect in
value of Hie since il more than offsels the
positive elfect of family interdependence
{highe V),

The positive sign of BERUC {education)
refleets primarily low costs 1o thoese who
gather information casily (indistingaish-
able from fow ~UJA) and, as a seeond
order effect, low costs to those who orga-
nize their tasks efficiently, Sinee BDUC is
hused on weights derived from the rates
of redurn of education levels, oae wonders
if thuse weighis are better than giving
each additional year of schaoling
eial weight, Using ordinary  least
syuares regressions for comparison, the
regression with EDUC Tias » higher 82
and farger £ than a similar regression with
an ecdducation variable that has equal
weights. Fo further explore the uselul-
ness of the EDUC weighting scheme, the
drivers were stratified by grade of schoot
completed. Several stratification sehemes
were Iricd wmong the cight education
levels. Using restriction F tests for simi-
harity of coetficients, it was Tound thit the
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first four levels could be lumped together,
grides 1-12, but the remaining four couli
only be gronped in twos, grdes 13-15
and 16 or more grades. The lrger group
al maderate edueation fevels and the
small geaups at high education levels jo
consistent with the inereasing weights
wsed in EDUC, '

Finally, we torn to the value of life
varjubles (V) expecting that drivers with
high ¥ are more likely to use seat hels.

The positive sign of EARN (preseal
value of expected fnture labor carnings) is
evidence of the higher valne of life fr
drivers with greater homan wealth. e
deed, it appears that people with high
patentinl foregone earnings do lave
higher value of life, ax might be expected
from the emphasis placed on foregone
carnings tn much of the value of life
literature.® "Ta test the sensitivity of the
EARN finding to the definition of [oe-
gone earnings, several definitions of the
earnings variable were investigated. Fous
differemt intercepts of the nge-camings
profile were considered, including actial
1972 labor earnings, a T-year average of
actual labor carnings, and tivee different
discownt rates, 5, 10, and 15%. in addi-
tion, the age-eamings profile way conr
strained to never fall once @ peak wa
reached i aecordmnce with the ides that
it iy a decline in labor foree participation.
nat wage rate, that causes carnings to fall
as o warker ages. Using ordinary Toast
sepwarey  regression, it was {found et
EARN (1972 wages times 2000, 10% amd
unteonstrained) praduced the hest results.
i, the highest ¢ value for an earning
variabie and the highest B2,

The negative sign of PROPY ionlalor
income) nxry not actually he evidence that
drivers with much nonlabor incame have
low V, bat rather it there is a dafa
problem. Unfortunately, the definition of
PROPY is bused on net tusable assed -
come which is eanceivably (and in sonse
observations  actually) negative—a ot
surprising. resul especintly for wealthn
peaple in view of vapid allowable depre-
SAhough Toregone carnings is an impodant el
ik of the valne of Lk, as shown chaewbos
{Blomgaist, B the value of the life-Tusegon
earndngs relatioibip i wot doH-fos-doblan
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ciation and other tex provisions, Consid-
cration of the driver's desire to feave an
estaie could shed light on PROPY. As
shown by Blomeguist and Talley {1977},
the greater the property income the more
the individual has fulilled his beguest
madive, possibly lowering the value to
lim of his ewn life insofar as he is living
for Family or others. The PROPY variable
does not affect the coelBoients of WAGE,
EARN, or olher variables exeept AGE, the
cocffledent of whieh falls by 0% if
PROPY is deleted from the probit equa-
fiait.

In general, this paper gives some fnedi-
catiom that an economic approach to
safely and seat belt use is worth consider-
ation. The paper also illustrates the nd-
vantuges of multivariale analysis which
isolates the partial ellect of each explunu-
tory variabie harring statistical problems,
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