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Destination Choice Models for Shopping Trips
In Small Urban Areasf

by Timothy ]. Tardiff* and Olivia S. Sheffler®*®

ALTEI'ZNATIVE shopping destination
pa choice models are examined in this
dré)er. .Three research issues are ad-
andssed: 1) the comparison of attitudinal
abili objective models; 2) the transfer-
acl ity of destination choice models
W}fots}f two small urban areas; and 3)
Vanet er the Independence from Irrele-
ant Alternatives (IIA) property holds
T}Z:.ttltudmal destination choice models.
0 ;1 data were collected in Davis and
pleso and, Cahf_orma. Probability sam-
Wer of approximately 200 households
of ietselecte_d in each city. The variables
ionn erest include: 1) destination selec-
b frequenmeg, for grocery and non-
cl’la;:‘ery shopping trips; 2) objective
o acteristics of alternative destina-
ern:x't'and 3) respondents’ rating of al-
fone 1ve nongrocery shopping destina-
van b(lm six characteristics (attitudinal
Hmlta' es)_. For eag:h city, three types of
mog ellnommal logit destination choice
’nodels are estimated: 1) attitudinal
)ob's for nongrocery shopping trips,
ing t.]rt;;tswz ::iOd‘;)ls fgy nongrocery shop-
, objecti g
gm%ery sh(l)pping W sz.the models for
I e results indicate that although t
t{é atsgumptxon may be reasonabglre f}(;f'
I)earattltudmal models, they do not ap-
objoct 0 be transferable across cities. The
transflve models fare better against the
A notelf'ia}cbé{:ty criterion, although they
ingl modelsed(zfta as well as the attitu-

INTRODUCTION

The develo i
m pment of disaggrega
jogdrels of travel behavior has be§§ a%nztf
. e}s‘earch activity in recent years. Al-
indiv%rd the basic theoretical concepts of
974- lu)al choice behavior (McFadden,
cant omencich and McFadden, 1975)
e applied to different components of

iThe
Whe research, most of which
for“’i\a.t}gaa!xthors were at the Uni\xex‘:itgeﬁog:fg
and mgoavis, has benefited from the participation
Seymash Sance of Professors Edward Blakely and
Jue o chwartz in the study design. Mr. Dean
the dat:ea a major role in the field work and
Fesepiat preparation phases of this study. Tke
th Institwas supported in part by funds.fml‘n
g‘littee ut uIt{ees :irgloven‘:imte‘:ltaé Affairs, the Com-
W > e , an e Com
University of California, %as;xst.er Center at

*

Charles River
M‘}&-‘isachu.setts.ne7
Zossner St. 33, Berlin, Germany.

Associates, Boston,

travel choices, most empirical work has
focused on work modal choice. There are
relatively few examples of destination
choice models. This study develops al-
ternative shopping destination choice
models for two small cities in Califor-
nia: Davis and Woodland.

Attention is given to three research
issues, which have been addressed in mo-
dal choice studies, but which have re-
ceived little or no attention in previous
destination choice studies. First, since
both objective characteristics and sub-
jeet perceptions of destinations are
available in the data set, comparison of
objective and attitudinal destination
choice models can be made. Second, com-
parison of the models estimated for the
two cities can serve as a test of the spa-
tial transferability of destination choice
models. Particular attention is given to
the relative transferability of attitudinal
and objective models. Third, the nature
of the destination choice sets included
in some of the models allows tests for
the Independence from Irrelevant Alter-
natives (IIA) property of the multi-
nominal logit model (McFadden, et al,,

1977).

BACKGROUND
Destination Choice Models

Previous destination models have fo-
cused on shopping travel and have usual-
ly used the multinominal logit model.
The previous studies differ from one an-
other in three important ways. First,
different definitions of alternative desti-
nations and of the set of alternatives
among which an individual is assumed
to choose (choice set) are used. Second,
the variables explaining destination
choice can be measured objectively, e.g.,
distance, floor area of a shopping area,
or by the use of attitudinal scales, e.g.,
convenience of location. Third, models
can describe grocery shopping trips,
nongrocery shopping trips, or total shop-
ping trips.

Early destination choice models were
components of shopping tripmodeling
systems which also included frequency
choice and mode choice components (Do-
mencich and McFadden, 1975; Ben-
Akiva, 1974; Adler and Ben-Akiva,
1976). Alternative destinations were de-
fined as the geographic zones used in
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transportation studies. The choice sets
faced by an individual included all zones
visited by all individuals in the originat-
ing zone. The variables used to explain
the choice among destinations were mea-
sured objectively and typically included
size or attractiveness variables, such as
number of retail employees, as well as
transportation level of service variables
such as travel times and costs. The
models explained total shopping travel.
More recent studies have been charac-
terized by the use of attitudinal vari-
ables in place of objective variables. At-
titudinal destination choice models in-
clude the nongrocery shopping models
developed by Northwestern University
researchers (Stopher, et al., 1974; Kop-
pelman and Hauser, 1978), and models
of grocery store location choice (Recker
and Kostyniuk, 1978; Shuler, 1977).
These models usually include specific lo-
cations such as shopping centers or gro-
cery stores as alternatives in the choice
sets. The attitudinal variables include
travelers’ ratings of attributes of the
shopping destinations.! These attributes
have included variables describing the
price and selection of merchandise; con-
venience of shopping at the destination;
convenience of the location; parking con-
venience; and satisfaction with service.
Ansah (1977) used both objective and
attitudinal wvariables in his destination
choice study. Like the early objective
models, his models . explained shopping
undifferentiated by the grocery, non-
grocery classification as a function of a
size variable (floor area) and an accessi-
bility variable (distance). Attitudinal
variables measuring perceptions of des-
tination characteristics were used to
stratify the sample, with separate
models estimated for each stratum.

Transferability of
Transportation Choice Models

Disaggregate choice models were orig-
inally assumed to be transferable over
time and space. That is, a model esti-
mated in a particular city at a particu-
lar point in time should be reasonably
applicable in other cities at other times.
The basis for the transferability as-
sumption is the fact that disaggregate
models are based upon observations of
individual behavioral ' patterns rather
than the zonal averages used in conven-
tional models.

Comparison of the coefficients of
choice models estimated with data from
two or more different locations can serve
as a test of ‘spatial transferability. The
comparison could involve all coefficients
in the models or all coefficients exclud-
ing alternative specific constant terms.
The latter, and less stringent, test, is

probably more realistic in most cases be-
cause the alternative specific constants
may account for unspecified location-
specific factors, which would lead to dif-
ferent constant terms in different loca-
tions.

Recently, the transferability of work
mode choice models with objective inde-
pendent variables has been tested, with
conflicting results. Atherton and Ben-
Akiva (1976) tested the transferability
of work mode choice models by compar-
ing the coefficients of models estimated
in three cities: Washington, D.C., Los
Angeles, and New Bedford, Massachu-
setts. They interpreted their results as
validating the transferability assump-
tion. Talvitie and Kirshner (1978) con-
cluded that models similar to those of
Atherton and Ben-Akiva were not trans-
ferable based upon estimations for
Washington, D.C. (the same data set
that Atherton and Ben-Akiva used), the
San Francisco Bay Area, and the Min-
neapolis area. Further, they also con-
cluded that models were not transfer-
able within regions based upon compar-
ison of models estimated for different
parts of the San Francisco region.

The Independence from Irrelevant
Alternatives Property (IIA)

The IIA property of the logit model
states that the relative preference for
two alternatives is independent of the
presence or absence of additional alter-
natives. If the ITA property holds, there
are two important benefits. First, a
choice model can be estimated by includ-
ing only a subset of the available alter-
native in the data set. Second, a model
estimated on a smaller set of alterna-
tives can be applied to a larger choice
set, e.g., after the introduction of a new
alternative.

McFadden, et al. (1977) have devel-
oped tests of the IIA. These tests are
important because violation of the IIA
may make the multinominal logit model
inappropriate. The test that is applied in
this study involves the comparison of the
coefficients of a model estimated with a
particular choice set with the coefficients
of a model estimated with a subset o
the original choice set (the conditional
choice test). It should be noted that Mc-
Fadden et al., and Horowitz (1980) have
developed several other tests. Therefore,
conclusions . based upon the single test
used in this study should be viewed as
suggestive rather than definitive.

STUDY DESIGN
Data Collection

Data from- a household. survey oD



et A N

MODELS FOR SHOPPING TRIPS IN URBAN AREAS 57

household energy consumptio
[ n an
travel behavior are the main i%formatioﬁ
;ource for the analyses of this study.
robability samples of about 200 house-
lolds. were selected in Davis and Wood-
hand, California, with one person per
tousehold responding to a self-adminis-
fered questionnaire. Data were collected
tI‘('Jlm September to December 1976. De-
aax s of the sample selection procedures
nd the questionnaire design are dis-
ig;s«;d elsewhere (Tardiff and Scheffler,

nqDavxs and Woodland are in the Sacra-
ot}elnto region, and are close to each
197er. They are also similar in size, with
5 populations of 31,832 and 25,389 for
C;lws and Woodland, respectively (Yolo
2 tllnt_:y,. 1975). TWP distinguishing char-
Cleristics of Davis are the presence of
5 e I_vae:rsny of California and the em-
isszséls b.g'lven to energy and planning
Zon ; v the local government and citi.
. The data usesd in this study contai
2 ntain
lclifqrmatmn on shopping dgstination
tinmc'e' For each city, the shopping des-
sevatlons include the downtown area of
add@r.al peripheral shopping centers. In
2 ition, .mforrx!atlon on out-of-town
eg%:{pmg is available. The out-of-town
o z%atlon§ include Sacramento, the
e ‘rancisco Bay Area, and the other
Wg’(;dlle.lizl Davis respondents considered
ang g2 veiz aa.m out-of-town destination

Respondents re
ported the frequency of
;lgggrocery shoppmg'. visits toq in-tzwn
an out-of-town destinations (measured
Shoam}ual frequencges). Weekly grocery
) Pping frequencies to stores within
Wn were also obtained.

Respondents w :
& s ere also asked to rate
oges?uahty of the shopping destinations
locat'x characterlstlgs: 1) convenience of
eonvlox'x, 2) convenience of parking, 3)
N ’emence of shopping in stores, 4) va-
Dl‘ic} and selectlon_ of merchandise, 5)
ivee of goods or items, and 6) attrac-
ness of stores, pleasant environment.
poor\;e-pomt scale ranging from very
terist'o very good was used. The charac-
flag tl)cih%ssidulsrza é:h.ls tii}:ud;; are quite sim-
: in the i i
In the previous section. studies reviewed

Data on the objecti isti

o 1 jective characteristics
‘ferShopplng areas and grocery stores
' e allso collected. Local data sources,
Sulgedpfann}ng depa}rtments, were con-
and th or information on the floor area
ping e number of stores for each shop-
o Osg‘ga. The number of employees
loeal o ained from a telephone survey of
disea usinesses. Finally, the city block
ang Nce between each respondent’s home
Moas each 'shoppmg: destination were

ured with the aid of planning maps.

Objective data . were obtained for in-town
destinations only.

Methodology

For each city, several multinominal
logit destination choice models are esti-
mated. The transferability of the various
models is tested by comparing the co-
efficients of the model estimated with
Davis data to the coefficient of the cor-
responding Woodland models.

First, the ratings of destination char-
acteristics are used to explain destina-
tion choice for nongrocery items. Models
are estimated with the choice set con-
taining both in-town and out-of-town
destinations and with the choice set con-
taining in-town destinations only. Com-
parison of the models estimated with al-
ternative choice sets serves as a test of
the Independence from Irrelevant Alter-
natives Property.

Second, models of nongrocery desti-
nation choice are estimated using objec-
tive explanatory variables. Alternative
specifications involving 1) distance
(measured in miles) and 2) an attraction
variable (floor area [in square feet],
number of stores, or number of em-
ployees) are tested. The choice sets in-
clude in-town destinations only.

Third, models of grocery shopping
destination choice with objective explan-
atory variables are estimated. The speci-
fications are similar to those of the ob-
jective. nongrocery shopping models.

Two estimation methods are used.
Since the data for weekly grocery shop-
ping trips typically contain zero fre-
quencies for a number of destinations in
the choice set, standard maximum likeli-
hood models are estimated. However, for
the nongrocery shopping frequencies,
the variables are constructed so that all
annual frequencies are nonzero. There-
fore, least square can be used. McFad-
den (1974) describes these alternative
estimation methods.2

Least squares ‘analysis is used for the
nongrocery models for two reasons.
First, it is much more computationally
efficient than is maximum likelihood es-
timation. Second, the construction of the
frequency variable as annual frequencies
is ccnsistent with the assumption that
there are 365 observations per respond-
ent. They would lead to an effective sam-
ple size of 365 X N for the maximum
likelihood estimation.3 The statistical
precision resulting from an effective
sample size of this magnitude is prob-
ably greater than that justified by the
measurement of the frequencies. Least
squares analysis does not inflate sample
sizes in the same. manner;4 hence, the
resulting statistical precision is probably
more realistic.
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In assessing the similarity (or differ-
ences) between coefficients in the IIA
and transferability tests, two statistical
tests have been applied in previous
studies. First, the equality of the entire
set of coefficients can be tested (Ather-
ton and Ben-Akiva, 1976; McFadden, et
al,, 1977; Talvitie and Kirshner, 1978;
and Horowitz, 1980). Second, the co-
efficients of particular independent vari-
ables can be examined separately by cal-
culating t statistics (Atherton and Ben-
Akiva, 1976). Specifically, the difference
in coefficients for two models is divided
by the square root of the sum of the
variances for the respective coefficient
estimates. The second type of statistical
test is used here. It should be noted that
in the case of the ITA tests, the conven-
tional significance levels associated with
the values of the test statistics do not
strictly apply, because the samples used
to estimate the models are not inde-
pendent.

RESULTS

The results are presented in three sub-
sections, according to type of model: 1)
attitudinal destination choice models for
nongrocery trips, 2) objective models of
nongrocery shopping destination choice
and 3) objective models of grocery shop-
ping travel.

Attitudinal Destination Choice for
Nongrocery Shopping Trips

In addition to the six attitudinal vari-
ables, a full set of alternative specific
constants, which are not reported, are
used. Table 1 presents the models. For
each model, the number of cases includes
respondents who gave a complete set of
ratisngs for all alternatives in the choice
set.

Comparison of the coefficients of the
alternative models within each city
tends to validate the ITA assumption. In
most cases, the coefficients for the same
variable are quite similar. There is also
very little difference in the alternative
specific constants (not shown). Further,
none of the test statistics for the com-
parisons of coefficients are close to the
magnitude for standard levels of statis-
tical significance (the largest such sta-
tistic approximates the 80 percent level).
These results suggest that the IIA as-
sumption may be reasonable for attitu-
dinal destination choice models esti-
mated for particular cities. The fact that
the out-of-town destinations are rather
crudely defined (entire cities) suggests
that the IIA is a robust property, in this
case.

The comparison of models between

RESEARCH FORUM

cities suggests that these models are not
transferable. The most important factors
in the Davis models are location con-
venience, and convenience of shopping
within the stores. Variety and selection
of merchandise and attractiveness of the
stores are statistically significant in one
of the two models. Neither parking con-
venience nor price attain statistical sig-
nificance.

The importance of the location vari-
able is interesting in light of the fact
that the Davis city government has a
policy of locating shoppmg opportuni-
ties so that the downtown is enhanced
and the peripheral shopping centers
mainly serve nearby residents. The goal
of the vpolicy is to minimize shopping
travel. The strong location coefficients
suggest that shopping preferences with-
in Davis are consistent with this plan-
ning policy.

In contrast to the Davis models, the
location variable is highly insignificant
in the Woodland models. All other vari-
ables are statistically significant at p <

.05 with a two tail test. However, the
negative coefficient on the variety and
selection variable is anomalous.

In addition to the qualitative obser-
vations of the structures of the models
for the two cities, comparison of the co-
efficients for particular variables also
suggests important differences between
cities. In most cases, the coefficients dif-
fer in magnitude and/or sign. The dif-
ferences in the coefficients of location
convenience, parking convenience, and
variety and selection of merchandise are
all significant well beyond the .01 level
in both models. In the models containing
both in-town and out-of-town destina-
tions, the difference in the coefficients of
the price variable is significant at the
.05 level.

Objective Destination Choice Models
For Nongrocery Shopping Trips

The objective destination choice models
for each city are similar to the objective
models reviewed earlier, particularly
Ansah’s (1977), in that an accessibility
variable and an attraction variable are
hypothesized to be the important inde-
pendent variables. In addition, alterna-
tive specific constants are used. Since
the attraction measures do not vary
across individuals, it is not possible to
specify a full set of alternative specific
constants.6 Therefore, only a CBD con-
stant is specified in each model.7 Again,
the coefficients of the alternative spe-
cific constants are not reported.

Information for the attraction wvari-
ables is only available for the in-town
destinations. Therefore, models using
the smaller choice set are estimated for

BT P bt ok m Aa o~ o
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TABLE 1

ATTITUDINAL DESTINATION CHOICE MODELS FOR
NONGROCERY SHOPPING TRIPS

(Standard errors are in parenthesis below regression coefficients)

Indegendent Davis Woodland
—__Variables 1 11 1 11
Location Convenience JA46% .364% .013 -.032

(.064) (.050) (.073) (.061)
Parking Convenience -.089 -.087 .260*% .294*
(.061) (.046) (.075) (.067)
Shopping Convenience .274% 247 .232% W177%%
(.091) (.063) (.087) (-077)
Va;iety and Selection .247% .090 -.246% . 249*
of Merchandise (.091) (.075) (.083) (.081)
Price .128 -.0015 .253%% .226%%
(.105) (.071) (.099) (.088)
Agtractivene§s of .136 J152%% ,218%* .310%
tores, Environment (.085) (.063) (.086) (.078)
N | 116 98 69 60
R2
R .25 .19 .16 .15

*Regression coefficient significant at p < .0L.

**Regression coefficient significant at p < .05.

Note:

For each city, Model I contains in-town destinations only, and Mode!

1 IT contains both in-town
nstants, which are not

and out-of-town destinations. The models contain alternative specific co
explained by the independent

shown in the table. R? mea: i i
v . sures the proportion of variance
variables after the effects of the alternative specific constants

have been explained.

€ach city and tests of the IIA pro
: ert
ail‘ne not made. The small numbexP ofpdes):
ations th}un each city and the fact
chf} nonvarying attraction measures are
sgt inhikbits IIA tests based upon sub-

Shgf d?iStIm?'twn; within cities.
models for the two cities are pre-
gie:xfted in Table 2. In all cases, co%ﬁi-
ang s are highly significant statistically
ox are constant in direction with prior
ﬁnl()igctatlons and  previous empirical
in Ings. That is, the likelihood of select-
%’ aa}t)?;:li}llar destination increases as
ctiveness measure i

anild}c:creases with distance. fnereases,
though the objectivi ibi
) g e objective models exhibit
t%\évier goodness of fit than do the atti-
5 lqnal mod.els, in general, they appear
ity ai;'e a hlgh‘er degree of transferabil-
- For each of the three alternative

models, the distance coefficients are sim-
ilar across cities (the differences are
highly insignificant, statistically). Also,
the coefficients of the attractiveness var-
iables are very similar in magnitude
(again, differences are highly insignifi-
cant) in the first two models. The co-
efficients of the attraction variable
(number of stores) in the third model
are not as similar across the cities, with
the difference significant well beyond the
.01 level. However, even in this case,
the difference is not as large as the sig-
nificant differences generally found in
the comparison of attitudinal models.

Objective Grocery Shopping
Destination Choice Models

Since respondents did not rate indi-
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TABLE 2

OBJECTIVE DESTINATION CHOICE MODELS FOR
NONGROCERY SHOPPING TRIPS

(Standard errors are in parentheses below regression coefficients)

A1l coefficients are significant at p < .0l.

Note:

Independent Davis : Woodland .
Variables 1 T - 11 T IT 111
Distance -.426 -.500 -.460 ©..403 T 07 -.363

(.0881) (. oesa) (.0868) (.132) (.126) (.130)
Area . .0000164 .0000161

(.00000303) (.00000291)
Employees .0135 .0132

(.00177) (.00148)
Stores ’ .0650 .161
(.00903) (.0267)

N 158 158 158 118 118 118
R2 : .08 .12 .11 .05 .11 .05

The models contain alternative specific constants, which are not shown in the tables. R2
measures the proportion of variance explained by the independent variables after the effects.
of the alternative constants have been explained. ]

vidual grocery stores, only objective
models are estimated. For each city,
the choice set consisted of in-town gro-
cery stores: six stores in Davis and five
stores in Woodland. The structure of the
models is similar to the previously dis-
cussed objective models. Distance and an
attraction variable are the independent
variables. Since the destinations are
single stores, area and number of em-
ployees are the only.relevant attraction
variables. Since, unlike the case of the
nongrocery shopping models, there is no
natural way to assign alternative spe-
cific constants, the models are specified
without constants.

Table 3 presents the grocery trip
models for Davis and Woodland. Both
distance and the attraction variables are
highly significant in the expected direc-
tion. Further, there is a very high de-
gree of similarity -among the distance
coefficients both across alternative model
specifications and cities. There are no
significant differences in the distance co-
efficients across cities. The coefficients of
the attraction variables are less similar
across cities. In both cases, the coeffi-
cients in the Davis models are roughly
twice the corresponding coefficients in
the Woodland models. The differences
are also highly significant, statistically.
This fact and the fact that the Davis
models have higher goodness of fit mea-

sures suggests that there may be un-
specified variables affecting destination
choice which are especially relevant in
Woodland.

SUMMARY AND CONCLUSION

In this paper, three issues were em-
pirically explored: 1) comparison of at-
titudinal and objective destination choice
models, 2) the transferability of desti-
nation choice models across small cities
in the same metropolitan area, and 3)
whether the IIA property appears to
hold for attitudinal destination choice
models.

Although the attitudinal destination
choice models tend to fit the data better
than do the objective models and the ITA
assumption . appears to be reasonable,
comparison of the Davis and Woodland
models suggests that they are not trans-
ferable. Since the particular attitudinal
variables used. in this study are similar
to those used in. previous studies, the
results suggest that this type of  atti-
tudinal model is not transferable across
cities.

It would be premature to rule out the
possibility of developing transferable at-
titudinal models, however. One interpre-
tation of the results is that the Davis
and Woodland samples constitute crude
market segments. Previous work on mar-
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TABLE 3

OBJECTIVE DESTINATION CHOICE MODELS FOR
GROCERY SHOPPING TRIPS

(Standard errors are in parentheses below coefficients)

Independent 1

 Variables Davis - r Woodland -

Distance -1.124 -1.105 -1.112 -1.199
(-0390) (.0386) (.0517) (.0537)

Area .0000496 .0000200
(.00000384) (.00000245)

Employees L0211 .0132

(.00137) (.00109)

N 202 202 191 191

Nos 1010 1010 764 764

p? .15 .16 .08 .09

A1l coefficients are significant at p < .0l.

Note:

p? is the likelihood ratio index defined by McFadden (1974). NOBS is the total number of
observations, i.e., the sum of repeated observations over the sample.

ket'segmentation in the context of atti-
tudinal mode choice modeling indicates
that segments can exhibit different
choice processes (Recker and Golob,
1976; Nicolaides, et al,, 1977). It could
be the case that although models esti-
mated with unsegmented samples are
not transferable, sets of models for dis-
tinet market segments are. Although
sample size limitations prevent this type
of inquiry with the present data, this
might be a fruitful area of future re-
search.

The differences between Davis and
Woodland also suggest that location
might be an important factor in attitu-
dlngl modeling. That is, different charac-
teristies _of alternatives may generally

e perceived to be more or less impor-
tant in different areas. A good example
1s the convenience of location character-
Istic in the present models. Its impor-
tance in the Davis models is consistent
Wwith the importance given to location
factors in land-use planning policies.

The objective models fared better with
Tespect to the transferability criterion.
The. models for the two_cities were qual-
1tatively similar in structure. Further,
the coefficients of the' distance variable
Wwere quite stable across both alternative

specifications and cities. The simple
structure of the models makes the rather
encouraging conclusions regarding trans-
ferability even more noteworthy. These
results also suggest that market seg-
mentation may be less important for ob-
jective models relative to attitudinal des-
tination choice models.
Again, these conclusions must be
viewed as tentative, however. The small
number of destinations in small cities
limits flexibility in specifying independ-
ent variables. Larger choice sets would
allow the use of more destination char-
acteristics which do not vary across in-
dividuals and/or alternative specific con-
stants. Larger choice sets would also fa-
cilitate IIA tests for the . objective
models. Future research using data with
larger choice sets (larger cities) would
indicate whether the tentative conclu-
sions on the transferability of objective
destination choice models persist or are
even strengthened when less restrictive
specifications are considered, :

FOOTNOTES

1 Although there is a high degree of similarity
among the studies, they do differ somewhat in
their definitions and measurement of specific
attitudinal variables.
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2 When the model is least
squares estimation is asymptotically equivalent to
maximum likelihood estimation. When the model
is underspecified, the estimation techniques can
differ asymptotically, although the relative im-
portance of the coefficients will be the same
(Tardiff, 1979). Since this study focuses on -the
relative importance of coefficients and does not
develop models for purposes of prediction, pos-
sible differences between alternative estimators
are not crucial.

3 The multinomial logit model treats N re-
peated observations for the same individual the
same as 1 observation for N individuals. (Mec-
Fadden, 1974).

4 The least squares procedure essentially gen-
erates J-1 observations per individual, resulting
in an effective sample size of (J-1) X N, where
J is the number of alternatives (McFadden, 1974).

5 The choice set for the Davis in-town model
contains the CBD plus four peripheral shopping
centers. The Davis in-town/out-of-town model
has a choice set with the five in-town locations
plus Woodland, Sacramento, and the San Fran-
cisco Bay Area. The Woodland in-town model
choice set contains the CBD plus six peripheral
shopping centers. These seven in-town locations
plus Davis, Sacramento, and the San Francisco
Bay Area are included in the in-town/out-of-town
model for Woodland.

6 The number of variables which do not vary
across ‘individuals is limited to (J-1) where J
is the number of alternatives in the choice set
(McFadden, 1974). The full set of (J-1) alterna-
tive specific constants exhausts the available
degrees of freedom. Therefore, when nonvarying
attraction characteristics are used, the set of
constants must be restricted. This problem is
similar to the degrees of freedom problem for
auto )choice models discussed by Lave and Train
1979).

(7 A CBD constant was used in the models
developed by Ben-Akiva (1974) and Adler and
Ben-Akiva (1976).

fully specified,
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