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Shippers' Preferences for Trucking Services:
An Application of the Ordered Logit Model

by Daryl Wyckoff,* Timothy Tardiff" and Bram Johnson**

INTRODUCTION

IN DECIDING how to design and mar-
ket service strategies for mot 

i
or cr-a

Illers, information on the relative m-
Portance of service attributes is highly
useful. This information can provide
g,uidance on which attribute to empha-
ize, e.g., should a carrier provide low
4'ateS or highly reliable service in an at-
ernPt to attract and maintain custo.-

1,41ers? Another important question is
'Low large a market share can be. at-
tracted by particular service strategies?
. These considerations are especially
1111Portant in the new competitive envi-
l'°,nment resulting from the Motor Car-
tier Act of 1980 and the Staggers Act.
tbri .an attempt to maintain or expand
.'elr market shares, many carriers have
Wstituted price discount programs.
°Nvever, other strategies emphasizing

tervice attributes other than price maye more effective. The ordered logit
1::lodel can be used to measure the rela-
lve.importance of price to other servicertributes and, therefore, provide insight
lit° effective marketing strategies.
thThe ordered logit model is a method
aOt 1) produces information on the r.el-
at'v importance of product or service_ tributes in the selection of alternative
Poducts or services and 2) uses this in-?rniation in estimating market shares:I' alternatives. In the market share
tliva2Ysis, both existing or new altern.a-
rli's Can be considered, e.g., a carrier
ti:137 Want to analyze the market poten-
e offering a price discount versus111S1!asizing its safety record.

r.ice discount strategies treat motor-r ' service as a commodity product.
t1,e13nlmodity product is one which over

l'as become so well accepted and
the eu in the minds of the consumer that

Providers cannot differentiate be-
eerl their offerings to attract market

except on the basis of price alone.ye'arlterestingly, it seems like only a few
I's ago, shippers said price was not

Oortant. Now it seems like it is the'y thing that is important. At that

ltratGraduate School of Business Admin-2
44. "371, Harvard University, Boston,
4t4
".

Charles River Associates, Boston,

time the motor-carrier product was not
very price differentiated and the ship-
pers were looking for points of product
differentiation. The result was that the
carriers pushed themselves to provide
more service for the price they were
charging. These extremely high levels of
service became the accepted standard.
Given the nature of the motor-carrier
industry and its technology, it became
too expensive to give less service. Given
the present state of excess capacity in
the industry, it is relatively easy to give
very responsive service.
Following deregulation, if we do not

have the ability to change the nature of
the motor-carrier product, the industry
is doomed to compete on a commodity
basis—that is, price only. Under current
industry conditions we have excess ca-
pacity in motor carriage chasing too
little freight.
The only way to gain market share in

a commodity market is to slash prices
to every carrier's loss. The low-cost pro-
ducers, the firms with staying power due
to large war chests, and the "savages"
are the likely survivors of such compe-
tition. We suggest that competition
based upon additional service attributes
other than price is healthier for the in-
dustry as a whole.
As we entered the period of greater

regulatory freedom, the industry had a
number of ideas about how and why
people bought the motor-carrier service
product. The product concept seemed
well defined. The industry understood
what "common carriage" and "contract
carriage" were. The industry understood
what "regular-route" and "irregular-
route" carriers were. We suspect, how-
ever, that the customer was understood
in a very narrow way because we really
had very little experience of how ship-
per behavior would change if the ship-
ping environment shifted substantially.
These product concepts that were so
clearly understood were really the ways
the ICC and the industry defined the
motor-carrier product. Traffic managers
had to go to school to learn to speak this
product language, but they only used
these terms because providers of the
service did. When they spoke to other
managers, including their own execu-
tives, they spoke more of "satisfying
needs," "providing services," "cost/
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benefit analysis," and other concepts.
They generally felt that the motor-
carrier definitions and views of the
world were artificial and annoying. So,
the first step in shaping the new motor-
carrier product is to put away our old
concepts and terms and start learning
the shippers' views.
A market research perspective, of

which ordered logit can be an extreme-
ly useful tool, is an essential element in
deriving these new service strategies.

ORDERED LOGIT MODEL

The ordered logit model is a refine-
ment of the multinomial logit model
which is well-known in transportation
research, especially passenger transpor-
tation (see, for example, Domencich and
McFadden, 1975). Although the method
was developed for use in a study of
electric vehicles (Beggs, et al., 1981;
CRA, 1981), the model is readily adapt-
able to other situations, including motor-
carrier service choice. The standard logit
model is applied in situations where
data are available on the most pre-
ferred of a number of alternatives.
Shippers' actual choices among motor
carrier, rail, and air models are exam-
ples of this situation. Ordered logit is
applied when rank order data on pref-
erences are available, i.e., in addition to
the most preferred alternative, informa-
tion on the second, third, etc., alterna-
tives available.
In the ordered logit approach, the ba-

sic assumption is that preferences for
products or services are explained by
the attributes these products and serv-
ices possess. Usually, these preferences,
often labeled utilities, are represented
as weighted sums of the attributes. The
more important the attribute, the great-
er the weight. For example, if a partic-
ular type of shipper were willing to pay
10 percent higher rates to insure safe
delivery, this could be inferred from the
attribute weights. If the price premium
were greater, the weight for the safety
attribute would be correspondingly
larger. The importance weights and the
utilities for the alternatives are then
used in a mathematical formula that
produces market share estimates for ex-
isting and/or improved alternatives.
This formula, which is identical to the
multinomial logit formula, is:

MSi = exp (U1) exp (Uj) where

Ui = al X1j a2Li . . . where

MSi = the market share for the
ith alternative

Ui = the utility score for the

ith alternative
Xki = the value on the kth attribute

for the ith alternative and

ak = the importance weight
(coefficient) for the kth

attribute.

In many applications it is desirable 
to

allow the importance weights to differ

for different types of consumers. For ex-

ample, shippers of bulk liquid produe.ts

may have different sensitivities to price

and safety than do shippers of dry hull"
products. This approach allows the ana-

lyst to focus on particular market seg-

ments.
The importance weights are derived

from experimental data in which peo.ple

are asked to order several alternatives

from first to last in order of their pref-

erences, i.e., which alternative would
they select first, second, and so on. The

alternatives are defined by specific
ues on the attributes deemed to be. im-

portant in selecting among alternatives.

Some of the alternatives may clos
elY

resemble options currently available

while others might be hypothetical, e.g.,

a low-cost, no-frills alternative may 1.1°'
currently exist in some markets.

The full rank order provides a large

amount of data for each respondent. 
All

ordered logit sample of a given size ls

roughly equivalent to (J — 1) time 
standard logit sample of the same .size,

where J is the number of alternatives.

Therefore, previous studies have s
h.owl;

that reliable results can be obtainea

with samples of fewer than 100 
respond-

ents.
Since selection among alternatoive.s

can involve several attributes, a 
realistic

representation of alternatives can 13,e

fairly complex. For example, in a stuu,Y6

for a private client, CRA is using

alternatives defined in terms of 10 attri

butes in analyzing shippers' preferen. ces

for less than truckload (LTL) 
carriers:

Therefore, ordinarily the data for an

dered logit are collected in face-to-fac;

interviews, and visual aids, such ad,

cards, are used in assisting the resP0I1
ent to order the alternatives.

CURRENT APPLICATION

Study Design

Application of the ordered logit ii

was part of a larger study, perforin
t.e"e

by the Harvard Business School, o
n tni

attitudes and preferences of shipPers,,„ 1

bulk products following deregula.1,'4"1

(Wyckoff, 1981 and 1982). A natl°1—



SHIPPERS' PREFERENCES FOR TRUCKING SERVICES 197

telephone survey, in which approximate-
1Y 100 bulk shippers were interviewed,
Was conducted in October 1981. Respond-
ents were customers of the National
Tank Truck Carriers of the American
Trucking Associations. Because of the
limited time and monetary resources
available for the study, the service at-
tributes were limited to four: price,
Pickup and delivery dependability, finan-
cial stability of the carrier, and safety of
the carrier.
Because of the restrictions imposed by

telephone interviewing, the ordered
logit data collection was quite simple in
the number and levels of attributes and
lhe number of alternatives. Consequent-
LY.. this analysis should be viewed as a
Pilot study, designed to illustrate the
Capabilities of ordered logit; a study of
Darticular market strategies would like-
1Y require a more elaborate design. Ta-
b. le 1 presents the attribute levels used
1.n the survey. Four alternatives, defined
in terms of specific values (levels) on
the attributes were presented to the re-
sPondents, who ordered these alterna-
tives according to their preferences.
Even though the choice exercise was

verY. simple in comparison to previous
applications involving face-to-face inter-
views with visual aids, there still was
,1,(3,11.1e difficulty for the respondents.
IiirtY-one respondents (32 percent)

Were unable to complete the exercise
!;i1c1 another 17 produced rank orderings
Pa t appeared to include contradictory
Patterns, e.g., price was preferred to de-11.endability in ranking the top alterna-
,lve over the second, but dependability
,w, as preferred in ranking the third overyl.e last. In contrast, a face-to-face inter-
_ view xs,as used for a much more difficult

choice study, CRA (1981a), in which!_t WaS found that only 6 percent of the
resPondents were unable to complete a

rank order exercise involving 16 alter-
native cars defined in terms of 9 attri-
butes. This contrast demonstrates the
power of face-to-face interview with vis-
ual aids.

Results

The 50 respondents who produced "con-
sistent" rank ordering were used in esti-
mating the coefficients of the ordered
logit models. (We also estimated the
models using the additional 17 respond...
ents who gave "inconsistent" rank order-
ings. The models were quite similar to
those reported here, although not quite
as sharply defined.)
Two versions were estimated. Because

of the limitations imposed by telephone
interviewing, the four alternatives pre-
sented to the respondents represent a
rather simplified situation in which a
lower price is always accompanied by
lower dependability and in which invest-
ment in the safety program is accompa-
nied by less financial stability. Because
of this pattern of interdependency
among the attributes, importance
weights can be estimated only for the
price and safety attributes when a single
set of weights for the entire sample are
desired.
In previous studies in which inter-

dependency among attributes occurred,
researchers have defined interaction
terms, i.e., some of the interdependent
attributes are multiplied by character-
istics of the respondents in order to
break up the interdependency patterns
(see, for example, Lave and Train,
1979). This approach allows distinct im-
portance weights to be estimated for
each attribute. In addition, this approach
results in the importance weights vary-
ing with respondents' characteristics,
thus providing information on particular

TABLE 1

ATTRIBUTES INCLUDED IN ORDERED LOGIT ANALYSIS
OF SHIPPERS' PREFERENCE

Attribute

price

bePendability

Financial Condition

Safety

Levels

0 = 15 percent higher than standard rate
1 = standard rate

0 = generally delivers within two days of schedule
1 = always delivers early or on time

0 = questionable financial condition
1 = sound financial condition

0 = has an uncertain safety program
1 = has an unquestioned safety program
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market segments. In this study, shipper
type (1 =--- dry bulk, 2 = bulk liquids)
was used to form interaction terms. Ship-
pers of liquids include bulk liquid chem-
icals and petroleum shippers. Table 2
presents the two versions of the ordered
logit model and Table 3 presents mar-
ket share estimates from these models.
The ordered logit models can be used to
address the following questions:

* Is price more important than on-time
performance; is safety more impor-
tant than financial stability?

• What is the tradeoff between price
and safety and other attributes?

• Are there variations in preference
patterns for different types of ship-
pers ?

The following results can be inferred
from the models.

• When the same set of weights was
used for the entire sample (Model 1),
price was clearly preferred to on-
time performance and safety to finan-
cial stability. This is indicated by the
positive and statistically significant
coefficients for each variable and is
further illustrated in Table 3, in
which the sum of the market shares

for the lower price carriers (1 and
3) is larger than that of the on-time
carriers (2 and 4). Similarly, the sum
of the market shares of the safe car-
riers (3 and 4) is larger than that

for the financially solid carriers (1
and 2).

• When separate importance weights

are used for shippers of liquids and
dry bulk products (Model 2), distinct

differences appear. The shippers of,
liquids strongly value lower price and
safety, as illustrated by the market

share predictions in Table 3. On the
other hand, shippers of dry bulk

products tend to value on-time per-
formance and financial stability. This
result clearly illustrates that careful
market segmentation is essential in
designing service strategies.

• The 15 percent price increment was
valued approximately the same as the
improved safety program. This out-
come did not vary substantially for

the entire sample or the separate
subsamples. This result should be
interpreted cautiously. This price

change and the safety program are
"package deals" in this particular cc-
ample. That is, the price change i5
always accompanied by a depend'

TABLE 2

ORDERED LOGIT MODELS OF SHIPPERS' PREFERENCES

Variables Model 1

Price

Price X Shipper Typea

Dependability

Financial Condition

Safety

Safety X Shipper Typea

Number of Respondents

Likelihood Ratio Testb

.4463
(2.3572)

.4888
(2.6405)

50

13.00

Model 2

1.1422
(2.7654)

1.4242
(2.0061)

1.6864
(2.4547)

1.3213
(3.2991)

50

31.45

Note: t statistics appear in parentheses below each coefficient. • _et t

Coefficients with t 3 1.96 are significant at p 4(.05 and those with t ) 2.57 are sigauL'-n
at P .01.

a Shipper type is coded as follows: 1 = dry bulk products, 2 = bulk liquids.

b The likelihood ratio statistic is distributed chi square with degrees of freedom equal to the nunlbe
of independent variables. Both statistics are signficant beyond p .01.
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TABLE 3

MARKET SHARE ESTIMATES FROM ORDYRED LOGIT MODELS
(in percents)

Carrier 1

Carrier 2

Carrier 3

Carrier 4

Model 1

Entire
Sample

23.2

14.8

37.8

24.2

CARRIER DESCRIPTIONS

Carrier 1:

Charges the standard rote
Generally delivers within two days of schedule
Is of sound financial condition and
Has an uncertain safety program.

Carrier 2:
Charges 15 percent higher than the standard
Always delivers early or on time
Is of sound financial condition and
Has on uncertain safety program.

Carrier 3:

Charges the standard rate
Generally delivers within 2 days of schedule
Is of questionable financial condition and
Has an unquestioned safety program.

Carrier 4:
Charges 15 percent higher than the standard rate
Always delivers early or on time
Is of questionable financial condition
Has on unquestioned safety program.

Model 2

Shippers of
Bulk Liquids

19.5

8.3

50.8

21.5

rate

Shippers of Dry
Bulk Products

25.4

33.6

17.6

23.4

bilitY change and the safety change
is also always associated with a
change in financial condition. In a
'more elaborate experimental design,these "packages" would be broken up,
and the price/safety tradeoff couldbe different.
The rather strong assumption usedto estimate Model 2 permit conversionof. each of the three nonmonetary at-
tributes into monetary equivalents
seP!arately for each type of shipper.'
ShiPPers of liquids would be willing
0 Pay 9 percent higher rates to in-
re on-time delivery, 11 percent

high.er rates for a financially solid
carrier, and 17 percent higher ratesfor an unquestioned safety program.For shippers of dry bulk products,the corresponding percentages are 19

percent, 22 percent and 17 percent,
respectively. Although these tradeoff
values seem to be consistent with
what is actually happening in these
segments of the motor-carrier indus-
try, they should be viewed as illus-
trative of the type of information
produced by the ordered logit model.
A more elaborate experimental de-
sign, which is not constrained by the
limitations of telephone interviewing,
would produce more reliable values
that are much less dependent on ana-
lytical assumptions.

CONCLUSIONS AND
RECOMMENDATIONS

The pilot study of the applicability of
the ordered logit model for analyzing
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shippers' preferences for trucking serv-
ices has produced some interesting and
plausible results. This example has illus-
trated how the relative importance of
service attributes can be estimated and
how these weights may vary by market
segments. The results appear to be
clearer and more useful than those pro-
duced by more conventional market re-
search methods. For example, paired
comparison data collected in another
part of the present study were not as
interpretable or plausible as the ordered
logit results (Wyckoff, 1982).
The full power of the approach for

market research in the trucking industry
awaits more elaborate study designs,
such as the ongoing study by CRA men-
tioned earlier. This type of refinement
has many potential benefits.
For example, in the standard face-to-

face interview approach for ordered
logit, respondents might be presented
with several (more than four) alterna-
tives defined in terms of one of three
price levels, e.g., 15 percent discount,
standard, 15 percent increase. Several
other attributes would also be used. This
type of design would permit the relative
importance of the attributes to vary
with the attribute values.
Further, a more elaborate design

would provide more power in explaining
attribute importances and in developing
reliable market share estimates. A de-
sign that provides large variations in at-
tribute values and alternatives clearly
provides much more information than
the limited application presented here.
While this application has been useful in
illustrating the ordered logit method,
the relative importance of attributes and
the usefulness of market segmentation,
the full power of the methods is almost
certainly tightly constrained in the tele-
phone interviewing environment.
Beyond the particular findings on or-

dered logit and bulk shippers, this and
other recent related studies suggest sev-
eral broad principles for effective mar-
ket research in the motor carrier indus-
try.

First, it is important carefully to
identify who is actually making the de-
cisions to use particular carriers. Our
studies indicate that there is consider-
able new influence being exerted by top
management on carrier selections. The
traffic manager is less likely to be the
decisionmaker than in the past.
Second, it is important to define care-

fully the market segment that is being
studied. Lumping together market seg-
ments may produce spurious results. For
example, while shippers of bulk liquids
were willing to pay a 9 percent premium
for reliable pickup and delivery, we

found that shippers of dry bulk products

were willing to pay 19 percent.
Third, being imaginative in selecting

new service features that have not been

offered in the past may be important.
The particular attributes used in this
study are illustrative. Many others nlaY
be relevant in analyzing particular serv-
ice strategies for various market seg-
ments.
Fourth, a neutral party should be used

to collect the data so that the shippers'

responses to questions are not direct
or indirectly influenced by the view-
points of the research (or top manage-
ment).

After the research results have been

obtained, the costs of providing the
service feature would be compared NV ith

the premium (or discount) the shipPers

identified.
Finally, the product research will

dicate what features need to be stressed

in personal selling and advertising t°
target markets.
The number of shippers in the market

segments must be large enough to be
worth designing and producing a service
for. Several segments that value product
features in the same way might be 

Coo'bined to produce a profitable business.

In summary, the motor-carrier indus-
try has a mature commodity product orl
its hands. If this situation persists, the
industry will suffer the traditional price-
cutting behavior of commodity indus-
tries. in periods of excess capacity. The
only time that margins will be recov-

ered will be periods of sudden increases
in demand that briefly outstrip capacitY;
This is not a very attractive state of al"
fairs. The only hope is to find ways t°
differentiate the service product—other

than prices. Using the traditional defi-
nitions of the motor-carrier product 

does

little to help. Research dating from 
be

fore the Motor Carrier Act of 1980 is sc/t
influenced by the regulatory setting t113,„
the data are suspect, therefore qui'
dangerous for strategic planning.
Just as the entire industry is strug-

gling with rethinking the motor-carrier-product, new market research tech

niques, such as ordered logit, for Pr°d-
uct design have emerged. Of course,

each company will have to do its 0W11„
homework and interpret its findings as
product offering. Some will be more eqii
ative and insightful than others. It Nvl'
be difficult, because it will probablY

mean substantial changes in behavi°1.
and investment for some companie5"
Those carriers that elect not to 

under-

take this challenge will face the cu
throat price competition of the commoo""
ty market.
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FOOTNOTES

1 For shippers of dry bulk products, the mone-
tary equivalents are estimated by multiplying
the coefficients of the nonmonetary attributes by
15 percent and then dividing by the price co-
efficient, using Model 2. For shippers of liquids
the price and safety coefficient are doubled
before performing the calculations.




