IDENTIFYING INDIVIDUAL PREFERENCES
FOR INTERNATIONAL AIR FARES

An Application of Functional Measurement Theory

By David A. Hensher and Jordan J. Louviere*

INTRODUCTION

With the possible exception of the price of fuel, international air fares (and associated
conditions of travel) continue to be the dominant issue in transport for governments
and residents of Western Europe, North America and Australia (see Straszheim,
1978; Smith and Toms, 1978; Nason, 1980; Taplin, 1980). Strong ethnic links will
continue to guarantee significant traffic and latent demand for air travel between these
geographical areas. For example, of the 20% of Australian residents planning overseas
air trips during the period mid-1979 to mid-1982, 58% have their main destinations in
these areas (Morgan, 1979). The remaining trips are to New Zealand (12%), Asia
(14%), South Pacific/Hawaii (8%) and elsewhere (8%).

Varying degrees of deregulation of fares, and record airline deficits throughout the
world, have combined to extend the forecasting requirements of individual airlines. In
particular, great importance now attaches to the selection of carrier and of route and
to a choice of ticket type. The aim of this article is to outline modelling capability,!
particularly suitable when the price of travel is a complex function of numerous
constantly changing factors (e.g., fare, prepayment and cancellation conditions,
stopover requirements), and to apply the procedure to a data set which emphasises the
choice (conditional on the assumption that a trip is to be undertaken) of air-fare ticket
for travel between the east coast of Australia and the west coast of the U.S.A. The
modelling procedure can be generalised to almost any complex travel-choice decision,
as witnessed by its many applications in urban transport (e.g., Louviere, 1981).

The article is arranged in four parts. The first outlines the conceptual and
theoretical foundations of the approach, referred to as functional measurement. The

*David A. Hensher is Associate Professor in the School of Economic and Financial Studies,
Macquarie University, NSW Australia 2113. This article was written while he was on study leave at the
London Business School. Jordan J. Louviere is Associate Professor in the Department of Marketing,
University of Iowa, U.S.A., and Australian Graduate School of Management, Sydney. We are indebted
to a major international airline for making available the data used in the empirical study. Colin Gannon
has been instrumental in encouraging us to apply the techniques used to the topic of international air
travel.

!See Straszheim (1978) and Kanafani and Sadoulet (1977) for applications using established

- methods.
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second part develops the empirical model which follows directly from the theory. The
analysis and results of the empirical application are then presented, followed by a set
of conclusions to highlight the value of this procedure in expanding our knowledge of
the traveller’s needs and of his reactions to airline policies on price and quality.

FUNCTIONAL MEASUREMENT

The approach outlined below differs from conventional approaches to choice
modelling in economics chiefly because we recognise that there is much information
available on individual preferences from measurements that are not restricted to the
individual’s actual behaviour,” and that revealed-preference data do not provide
sufficient statistical control to enable us to test rigorously the functional form of the
overall utility function or marginal forms of the attributes influencing choice. These
benefits, however, are achieved (some would argue) at the cost of having to translate
intentions into overt behaviour, a link still regarded by many as weak. Nevertheless,
when knowledge of functional form is limited (partly because of the limited testing of
form) and the current range of attribute levels is not within planned opportunity sets,
non-revealed preference approaches may perhaps be useful complementary pro-
cedures in ascertaining the travellers’ (and potential travellers’) reaction to various
price-quality opportunities. Thus functional measurement is a complementary
procedure. This opinion is reflected in Wong’s (1978) critique of Samuelson’s
celebrated theory of revealed preference, and in a statement by Deaton and
Muellbauer (1980, p. 26) in a recent text on the microeconomics of consumer
behaviour; especially if we insert the word “currently” before “unattainable”.

The field of choice or choice set is to be clearly distinguished from the
opportunity or budget set. The latter...can be restricted in all kinds of ways,
whereas the consumer may well be able to formulate preferences over
unattainable possibilities (our italics).

In this paper we develop a theoretical approach to the design and analysis of choice
experiments on the following basis:

(a) We borrow from recent developments in the analysis of human judgement and
choice behaviour in psychology, particularly functional and conjoint measurement
(Anderson, 1970, 1974, 1976, 1979; Krantz, Luce, Suppes and Tversky, 1971;
Krantz and Tversky, 1971). These developments enable us to use simple polynomial
expressions to represent the numerical judgements of individuals to multiattribute
alternatives. The key to both sets of theoretical results is that the multiattribute
alternatives must be themselves the outcome of a factorial experimental design, in
which the levels of the attributes are systematically combined to generate

? Actual behaviour is interpreted in the text as being only market observations, following Samuelson’s
“theory” of revealed preference. However, the Hicks-Allen ordinal utility-theoretic approach admits
experimental as well as market observations. Thus, for Hicks-Allen the type of data used in this paper is
already an accepted part of the body of economics, e.g., MacCrimmon and Toda (1969). Furthermore,
Sen (1973) argues that, following Arrow (1959) and Sen (1971), the restriction of the domain of the
“weak axiom” to budget-sets only should be relaxed to include all finite subsets. All we then need is
preference axioms.
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combinations of levels which create the alternatives to be judged. These notions are
extended to the problem of forming multiattribute expressions for discrete-choice
judgements.

(b) We develop a basic conceptualisation of the ideal discrete-choice experiment, and
demonstrate that the outcome of the usual assumptions on consumer choice (e.g.,
Green, 1976) is a logarithmic series of choice frequencies for alternatives. These
choice frequencies represent the choice strengths (Luce, 1959) or scale values
(McFadden, 1974, 1979) of each alternative on an underlying value scale.

(c) Luce’s Choice Axiom (1959) is assumed approximately true for distributions of
scale values within or across individuals. These considerations enable us to develop a
method for simulating aggregate choice behaviour from hypothetical choice
environments.

Theoretical considerations

A. Developments in the algebraic representation of human judgements

Recent work in psychology (see Anderson references) demonstrates that it is
possible to diagnose and/or test the appropriateness of polynomial representations of
the processes of human judgement. The fundamental results are well known; they
apply to judgements® made about multiattribute alternatives which are derived from
factorial combinatorial designs. Necessary results are summarised here, as excellent
discussions are available (Anderson, 1974; Kranta, Luce, Suppes and Tversky, 1971;
Lerman and Louviere, 1978; Louviere and Hensher, 1981):

1. The marginal mean of each level of each attribute is an estimate of the scale
value of the level of the attribute up to a linear transformation, provided that
some multilinear value function holds, that the data are obtained as the outcome
of a factorial experimental design, and that the response is on an interval scale. -

2. Substitution of the marginal means derived in result 1 above into any
multilinear algebraic model of the judgement process yields an entirely
multilinear model which can be statistically tested by means of analysis of
variance or multiple linear regression. These tests involve the retention of the null
hypothesis regarding certain combinations of coefficients. For example, a strictly
additive multiattribute value expression demands that all possible interaction
effects of the attributes be equal to zero, or non-significant in statistical tests.
Similarly, a strictly multiplicative judgement process requires that all possible
interaction effects of the attributes be different from zero, or significant in
practice.

3. Predictive equations relating the attribute levels in their original units to the
responses can be derived by means of multiple regression. In particular, for a
continuous attribute it is always possible to graph the relationship between the

3 “Judgements™ are responses made by individuals on scales. Typically the scales are either some
form of continuous categorial ratings scale (functional measurement) or a rank ordering (conjoint
measurement).
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subjective scale values (result 1) of the attribute and its actual numerical values.
This permits selection of “reasonable” functions for curve-fitting. The overall
combination rule is known by result 2.

These results suggest that algebraic approximations to multiattribute judgement or
trade-off processes can be constructed from properly constructed experimental
designs. It remains to extend these ideas to multiattribute discrete-choice problems.

B. “Ideal” choice experiments and consistent consumers

An “ideal” choice experiment is defined as one in which the basic elements of the
choice process are abstracted and everything is controlled to permit unbiased
estimates of choice strengths and choice probabilities. We define a “consistent”
consumer as one who can rank the alternatives in order of choice and who will act
consistently with this rank ordering in each and every subset of the alternatives with
which he is presented.

An “ideal” experiment, therefore, consists of a set of j alternatives (j=1, 2, ..., J)
and different subsets of these j alternatives which simulate “availability” or variance in
choice sets. All possible subsets of j alternatives are produced by factorial
enumeration of all 27 outcomes shown in an exhaustive listing of all combinations of
the J alternatives, on the assumption that they can each be in one of two
states—“available” or “unavailable”, present or absent. This means that the set of all
possible choice sets is itself a factorial design. This complete factorial design ensures
that the choices of alternatives are independent of the presence or absence of
alternatives in choice sets, because all alternatives appear equally often and are
balanced with respect to the presence/absence of all other alternatives. Thus, if we
view the distribution of choice sets in the real world as the set of initial conditions, we
would like to be able to derive choice strength and choice probability estimates which
are independent of this initial distribution, but when applied to this distribution will
yield the expected outcome. This “ideal” state of affairs can be achieved by designing
choice experiments according to principles of 2’ fractional factorial designs which
permit a balanced occurrence of present/absent in choice sets (Hahn and Shapiro,
1966; Winer, 1971).

Consider the reaction of a consistent/ consumer facing such a set of choice sets:

1. In the set of all choice sets, all alternatives appear equally often, balanced
across presence/absence of other alternatives. Thus, each alternative occurs 27/2
or 277! times, and each other alternative occurs 2/-1/2 or 2/~? times when each
other alternative occurs (or doesn’t occur).

2. A consistent individual will therefore always choose his highest ranked
alternative in each choice set (each subset of the set of all sets). From point 1
above this implies that the first ranked alternative is chosen 27~! times; the second
ranked is chosen 2’72 times; the third ranked 2’73, etc. This is a perfect
logarithmic series of the form k% k%, k%, ...

3. In general each individual is likely to have a different rank ordering of the
alternatives. This gives rise to a distribution of choices over any sample of
individuals. This distribution is assumed to be explained by the utility version of
the Luce (1959) choice axiom (see Yellott, 197; McFadden, 1974), which
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imposes a double exponential distribution on the error term in the utility
expression to account for probabilistic behaviour:
pGIA, ¥ jeA)=exp U/2 ;exp U, (1)

where

p(ilA, ¥ jeA) =P, is the probability that alternative i, a member of the choice set
A, is chosen from among all the j alternatives in A.

U, U; are the utilities or choice strengths of i and j, respectively. They
denote how much the alternatives are worth to the sample.

If we observe the choices of a sample of individuals over a number of statistically
controlled choice sets, the conditional frequencies of choice have the following
expectation:

E(Zc.f;c‘) = ZC[CXP Uic/Zj exp ch] =Zz.€Xp Ui (2)
where
i is the absolute frequency of choices of alternative i in choice set c,
z, is a constant unique to choice set ¢ which consists of collected terms,
and other terms are as previously defined.
Taking logarithms of both sides of equation (2),

In (ch;c) =In (Zc) + Ui (3)
reveals that the logarithm of the sum of the choice frequencies is a linear transform of
the unknown utilities or choice strengths. Alternatively, one can work with the relative
frequency, which corresponds to the formula expressed in point 2 above (see the
empirical study below). This affects the intercept term in equation (3).

To estimate the expected utilities from a sample of individuals, we first observe their
rankings of a set of alternatives and apply them to the formula in point 2 to yield

Rf;= 1/[207), @
where Rf; is the relative frequency of choices observed for alternative j, and r; is the
ranking of alternative j (rank 1 is the first preference). To estimate equation (1) for a
sample of individuals we begin by estimating the expected U, for each alternative. To
do this, transpose the terms in equation (3) to derive

U=In(2./;,) — 1n (z,), (3)
giving the unknown utilities as equal to the logarithm of the sum of the absolute (or
relative) choice frequencies up to a linear transformation.

Thus, for each individual we estimate his expected relative frequency of choice for
each alternative by equation (4). If each alternative is completely described by a set of
generic attributes we can write:

U;=by + 2ubiXi (6)

where
X are the k attributes which completely describe the ith alternative
byb, are empirical constants to be estimated from the data.
The effect of the constant term in equation (3) is to alter b, in equation (6). The
estimated equation, the “latent” preference function, becomes

(3 Rf) = b + YibiXi 0
where all terms are as previously defined, except by, a collected term. Once the U, are
estimated over all individuals, they can be substituted in equation (1) to generate
choice estimates.
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THE EMPIRICAL STUDY*

During 1977 a major international airline undertook an on-board survey of passengers
travelling between the west coast of the U.S.A. and the east coast of Australia. Part of
the survey used a fractional factorial design to generate nine different reduced-fare air
tickets which travellers were asked to place in order of rank. The nine tickets were
derived from a fractional factorial design based on four attributes: return air fare,
month of travel, minimum stay requirement, and prepayment/cancellation conditions.
The levels of these attributes were respectively 3 ($1,000, $750, $500), 3 (October,
November, December), 2 (14 days, none) and 3 (45 day/100% charge, 45 days/no
charge, no days/no charge). The full factorial design is a 3 x 3 x 3 x 2, or 54
combinations; probably too many combinations for an individual to rank, and very
difficult to administer in an in-flight survey.

A fractional factorial design was developed by collapsing interactions into main
effects (see Hahn and Shapiro, 1966). Information on interaction is sacrificed to make
the design tractable. We must therefore assume that a log-linear equation without
interactions’ is appropriate, but we cannot test this assumption. All main effects in this
design are independent of one another but are not independent of interactions, which
must be assumed to be negligible.

TABLE 1
Ticket Alternatives Derived from Fractional Factorial Design

Prepayment/  Minimum

Fare Cancellation Stay
($ Australian)  Month (days, %) (days)
| 1,000 Dec 45/100 14
2 500 Nov 45/0 14
3 750 Oct 0/0 14
4 500 Oct 45/100 0
5 750 Dec 45/0 0
6 500 Dec 0/0 14
7 1,000 Oct 45/0 14
8 1,000 Nov 0/0 0
9 750 Nov 45/100 14

4 We are observing individual (unconstrained) choices over repeated “trials”, and in Luce’s choice
modelling framework this enables us to obtain “true” individual probabilities of choice (the degree of
confirmation concept of probability—see Carnap, 1962; De Groot, 1975). Yet since we are not
estimating unique parameters for each individual, any probability interpretation must also have a
sampling probability meaning (i.e., a relative frequency view of probability). The intra-person and
inter-person behavioural errors (due to individual confusability) and sampling errors are reflected in the
assumption of probabilistic rational behaviour, which, as a constant or random utility interpretation,
yields equation (1). We implicity assume that the two sources of error are independently and identically
distributed, and hence additive.

5 Not to be confused with interactions between a design attribute and a socioeconomic variable; these
are called covariates.

230



INDIVIDUAL PREFERENCES FOR AIR FARES D. A. Hensher and J. L. Louviere

The question asked of each traveller was:

Air_____ wants to introduce cheap air fares. We are looking at various
kinds of tickets with different fares and conditions for air travellers. We’d like
your opinion of these possible air fares to San Francisco and Los Angeles, i.e.,
the West Coast of the U.S.A. These fares are currently around $1,000—$1,500.
They could be reduced to $500—$1,000. All existing standards of service will be
maintained. Suppose that the nine tickets below were the only ones available for a
return Australia-West Coast U.S.A. air fare. In the last column write your
ORDER OF PREFERENCE from 1 (prefer the best) to 9 (prefer the least). The
ticket alternatives (combinations) offered are listed in Table 1.

A sample of 176 travellers or 1,584 (9 x 176) cases were analysed. This airline
carries 60% of all travellers between the U.S.A. and Australia; so the random sample
of committed travellers to this route and airline can give reliable information on the
impact of various air fare proposals for the travel between these two countries.

The final results from extensive analyses of the data are summarised in Table 2. In
addition to the design attributes, interaction terms were introduced, as products of a
design attribute and a socioeconomic variable, to account for the different responses
of different individuals. That is, we are explicitly hypothesising that variation between
individuals in their scale values can be accounted for by socioeconomic variation and
random error. Definitions of variables are given in Table 3. The fractional
factorial-design data are equivalent to a disaggregate contingency table (i.e., a
distribution of responses for a given combination of attribute levels).

The correlation between pairs of variables is either zero (e.g., FARE, FARESQ) or
very close to zero (e.g., FARE, FARE*AGE) by virtue of the design. Thus,
independence of variables is true, and not assumed as in most econometric studies.
The statistical tests of significance become particularly powerful in this environment.

Several interactions were found not to be statistically significant at the 95% level.
These were: FARE*FREQ, where FREQ is the frequency of travel; FARE*SEX,
FARE*(OCC1 or OCC2) where OCC1 and OCC?2 are professional and managerial
occupations respectively; FARE*PURP3 where PURP3 is the business journey
purpose; FARE*ALONE where ALONE indicates the traveller is unaccompanied;
CANCEL*FREQ; CANCEL*SEX; CANCEL*(OCCl1 or OCC2); CAN-
CEL*PURP3, and CANCEL*ALONE; FARESQ*AGE; FARESQ*AGESQ;
CANCELSQ*AGESQ. All independent variables were defined as deviations from the
sample mean, so all independent variables have a zero mean. This makes possible a

¢ This design is obtained from the orthogonal design

1 0 0 0 O

2 01 10

302 21 Appropriate levels of the four attributes have
4 1.0 11 been assigned to the orthogonal design levels,
501120 and rows have been rearranged.

6 1 2 0 O

72 0 2 0

8§ 2 1 0 1

9 2 2 1 0

231



JOURNAL OF TRANSPORT ECONOMICS AND POLICY

(96'0)
— — — — — — — — — 0800000 ("'9) OSTOVOSTAV A
(r+'0)
— — — — — — — — — 650000~ (*'¢) IOV LOSTAVA
(%4) (%4) (s8°¢) (€8°¢)
— — — —  LT100°0~ — 690000 — 650000  SS000°0 (%) OSTOVTIAVA
@e 97 (4] (590 60
— — — — —  6L000°0 80100 S92900°0 909000  6L900°0 (g) AOVAYVA
o (9] 91) (CR)) €1
—  190C°0— — — — 910500 —  TYTO0—  TYT00—  TYT00- (‘9) AVISNIN
(€0 (%4) ©0¢) 870
0€1€°0— —  61TT0~ —  $0TI0 — — — — 915000 (¢) OSHLNOW
€0 ((49) a0 (Cad) 9D Card) (4] (%)
19¥5°0 866°0 ¥E€8€°0 010£°0 8601°0 — — L9S180°0 91800 91800 (°9) HLNOW
wn 69 (€0 67 @) (a7] 9¢) '8) 95°%)
7€TTO—  910€0—  ¥TYTO—  8E0TO—  L69T'0—  6vvI'0—  LSET0O— —  bT091°0-  bLYVIC— ("Y) OSTAONVO
((37)] (aI-on 89 (89 (('329) (1-8) (89) (1s9) (aLn (WA))
418! 09¢€'1 €€60°1 19£8°0 6Tl E90 YLL6'0  6TLS8'0  LIPSLO 6+8L°0 (*¢) THONVO
€0 (CH9) (tee) are) .
— — — — —  69L0°0—  SI900— —  €£90°0—  8080°0) (*9) Osauv4
(67¢) #'6) 89 (go1) (a9 (s'61) (s91) (L6€) (82¢) (82¢)
0026°0— L9TT—  9T90°1—  SITEI~  T16ET'1—  61TST—  E199'T—  06SETI—  TOLY'I— SLY'1— (') 3uv4
uoyvOnpy UONDID,  SSauisng uonusauo) ssauisng  Aopyor  saayvpdy S 19PON 19PON sajqu1av 4 L1010uv)dX T
juapnis  Auvdwio2dy Suinsig Doury  JUDIYIUSIS g
a)dwng 10

September 1983

4214400 213ULS — SINSIY
7 a1av],

232



D. A. Hensher and J. L. Louviere

INDIVIDUAL PREFERENCES FOR AIR FARES

‘[rews oor—3SunesSiu quowfojduro—sasodind 10j sazis sdweg

(sesaypuaied ur SonsIIeIs-7)

9¢ 9¢ S 66 887 719 L8E ¥8S1 ¥8S1 ¥8S1 SASVO 40 "ON

LSO 98°0 790 L9°0 89°0 §S°0 190 650 790 790 agaavnos—d

10ZL'7—  10TL°T—  10TL'T—  10TL'T—  10TLT—  10TL'T—  10TL'T—  10TLT—  10TL'T—  10TL'T— LNVISNOD
09) 06°0)

— —  TLLOT — — — — — —  1£90°0— ("g) XdS«THONVD
€1

— — — — — — — — — 111800 ('$) ANOTVHIVA
61) (CH)) wn 81’0

— — —  6I8L0 — 99,70 L8LOEO — —  £6T0°0 ') 0TI ATAV A

91 @@L “'9) [zddnd
— — — — — — — —  §TS00  £I890°0 10 [3INd]+OSTAINVYD
a0 8¢ (ev'y) 1s¢) C'9) [zddnd

— — — — — —  6T0L°0— STITO—  6T0L0—  T6LTO- 10 1IN TAONVYD
(18°0)

— — — — — — — — — 100000~ ('Y OSHOVLOSTAONVD
(€39 (Ca9) €n

6L10°0 — — — — 682000~ — — — L1000~ ("'g) FOVLOSTAONVD
(e (€0 (€0 €0

— — — — 651000~ $8+000°0 — —  £0000  SE£000°0 ('g) OSHOVLTAINVD
61 e (9] (€0 @wn (€] (o1

— —  LESO0—  98£0°0— —  L£600°0— 8L600°0 9€00'0~  SE£000—  ¥E000— (') 4DV TIONVD

uonoonpg  uUONDIDA  SSauisng  uonpuaauo) ssauisng  AoploH  saauvlay spaffq 13poN 13poN §9]qD14D 4 Ad0iDUD)AXT

Juapnis  Aundwiodoy Suyistyq  avaur ]  JuDIYiudis g
ajdwng v1og

A2144D0) 2] 3UIS — SINSAY

pPonuuoo—g 4914V 1,

233



September 1983

JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 3
Definition of Variables

n (3. Rf]
FARE
FARESQ

CANCEL

CANCELSQ
MONTH
MONTHSQ

MINSTAY

FARE*AGE

FARE*AGESQ
FARESQ*AGE
FARESQ*AGESQ
CANCEL*AGE
CANCEL*AGESQ
CANCELSQ*AGE

CANCELSQ*AGESQ
CANCEL*(PURPI or

PURP2)

CANCELSQ*(PURPI or

PURP2)
FARE*FREQ

FARE*ALONE

CANCEL*SEX

Dependent variable as defined in equations (4) and (7)

Airfare for a return Australia/West Coast U.S.A. trip. Three levels:
$1,000, $750 and $500, orthogonally coded (Robson, 1959) as 1, 0
—1 respectively

Airfare squared, orthogonally coded for $1,000%, $7502, $500? as 1,
—2 and 1 respectively

s

Cancellation fee at three levels: 45 days prepaid and 100%
cancellation charge, 45 days prepaid and no cancellation charge,
and- no days prepaid and no cancellation charge. Orthogonally
coded as —1, 0, 1 respectively

Cancellation fee squared, orthogonally coded equivalents to —1, 0, 1
above of 1, -2, 1 respectively

Month of travel: October, November and December, orthogonally
coded as —1, 0, 1 respectively

Month of travel squared, orthogonally coded equivalents to -1, 0, 1
above of 1, -2, 1 respectively

Minimum number of days required on a ticket to stay in a
destination: 14 days and no limit, orthogonally coded as 1, —1
respectively. There is no squared term for month since it only
has 2 levels

Fare weighted by age of traveller: AGE = individual’s age

minus mean age of sample (39.96 years)

Fare weighted by age squared; AGESQ = (AGE-39.96)
Fare squared weighted by age

Fare squared weighted by age squared

Cancellation fee weighted by age of traveller

Cancellation fee weighted by age squared

Cancellation fee squared weighted by age

Cancellation fee squared weighted by age squared

Cancellation fee weighted by purpose of journey where the purpose

is visiting relatives (PURP1) or holiday (PURP2), PURPI1 or
PURP2 = PURPI1 or PURP2 —-0.6507

Cancellation fee squared weighted by PURP1 or PURP2

Fare weighted by fequency of international travel, FREQ = 1 if first
trip, O otherwise, FREQ = FREQ -0.176

Fare weighted by travelling party size, ALONE = 1 if travelling
alone, 0 otherwise, ALONE = ALONE —-0.3219

Cancellation fee weighted by sex of traveller; SEX = 1 if female,
SEX = SEX —0.4726

234



INDIVIDUAL PREFERENCES FOR AIR FARES D. A. Hensher and J. L. Louviere

direct interpretation of the intercept as the grand mean, and enables one to generate
independent quadratic terms. There are seven attribute terms in the factorial design,’
and a number of sociodemographic variables (covariates) which interact with the
design attributes.

RESULTS

In view of the highly disaggregate nature of the data, the overall goodness-of-fit for the
models (Table 2) for the total sample is extremely satisfactory. The linear term for fare
is highly significant and of the expected sign. We are assessing the influence of an
attribute on the choice strength (equation 7) and thence choice probability (given
equation 1) attached to a particular proposal for an air ticket; therefore as we move
from a $1,000 fare we would expect P; to increase, and it does. However, the negative
sign of the quadratic term for fare suggests that a fare increase results in a greater
reduction in the choice strength of the jth ticket (and hence higher probability of
selecting another proposal) than would be suggested by only the linear term. That is,
the choice strength of a ticket proposal decreases at an increasing rate as fare
increases. The positive signs on the significant coefficients for those cross-products
with the fare variables suggest that the impact of fare increases is reduced as the age of
the traveller increases, but at a decreasing rate. If the quadratic term were omitted (as
is common in previous studies) we would underpredict the impact of fare increases in
causing passengers to switch from one ticket proposal to another.

Both the linear and the quadratic terms for cancellation penalty are statistically
significant, and its effect is conditioned by the traveller’s age and journey purpose. The
positive sign of CANCEL suggests that a ticket proposal with no prepayment
conditions or cancellation charge is preferred to one with conditions, other things
being equal; the quadratic term (CANCELSQ) suggests that the choice strength of a
ticket proposal decreases at an increasing rate as the cancellation conditions become
harsher. This is intuitively plausible.

The relationships between fare and age, and between cancellation penalty and age,
are interesting (see Figures 1 and 2). Non-linear terms are required to describe the
relationships since the LE model curves are not parallel. FARE*AGESQ is
statistically significant, but FARESQ*AGE and FARESQ*AGESQ are not. This also
applies to CANCEL*AGESQ, which is statistically significant, though CAN-
CELSQ*AGE and CANCELSQ*AGESQ are not. Looking at the influence of the
cross-product terms for cancel and age for the significant model (Figure 2, SM), we
see that age interacts in a complex manner with cancellation. For example, as age
increases up to 60 years the probability of selecting the ticket proposal with no
prepayment conditions (0/0) decreases almost linearly (relative to a lower age), other
things being equal. The probalility of selecting the 45-day prepayment and 100%
cancellation charge increases almost linearly up to the age of 60 years, and then
decreases. A comparison of the 45/100 significant model with the linear effect model
(LE) illustrates the misleading implications that follow (for the over-60-year-olds) in
the absence of detailed diagnostic of the “true” functional form. The data

-Each three-level attribute has two terms—linear and quadratic.
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LE = linear effects only
SM = significant model

choice
strength FM = full model
—1 fare = $500 (SM)
fare = $500 (LE)
-2
fare = $500 (FM)
—_— T fare = $750 (FM)
_3 fare = $750 (SM, LE)
fare = $1000 (FM)
—4 fare = $1000 (LE)
fare = $1000 (SM)
-5

10 20 30 40 50 60 70 Ageinyears

FIGURE 1

Age-related slopes for FARE and the influence of quadratic main effect and
cross-product terms. Total sample

configuration inherent in factorial designs is eminently suited to the search for
functional form. The deviation of the SM results from the LE model results is even
more marked, in Figure 1, for high and low fares as age increases.

Similar diagnostic analysis can be undertaken on other variables. The method is
straightforward. Before we conclude the discussion of model selection, it is informative
to look at the results when separate models are estimated for each main journey
purpose. The most surprising finding is the similarity of the parameters for FARE and
FARESQ across all purposes. However, when these are combined with the fare
covariates that appear in the models for three of the nine purposes, we observe a
journey-purpose specific fare effect. This suggests that linear cost is generic, and that a
socioeconomic interaction with cost helps to explain any differential effect of the
circumstances under which a dollar is spent. Furthermore, age-related fare is
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choice
strength LE = linear effects only
SM = significant model
-1 - FM = full model
-2 0/0 (LE)
45/0 (FM)
0/0 (SM)
0/0 (FM)
3 45/0 (SM, LE)
45/100 (FM)
45/100 (SM)
45/100 (LE)
—4

10 20 30 40 50 60 70 Ageinyears

FIGURE 2

Age-related slopes for CANCEL and the influence of quadratic main effect and
cross-product terms. Total sample.

significant with a positive sign for the travellers who are visiting relatives or on
holiday, and significant with a negative sign for business travel. Age-related
cancellation is significant and positive for holiday travellers and those visiting
relatives, but negatively significant for the purposes of convention and accompanying-
business. So the leisure-related journeys tend, other things being equal, to yield
additional utility as age increases, and non-leisure (business) travel tends to have
relatively less utility as age increases. The value of segmentation is apparent when a
covariate is introduced, even though some design variables appear to be affected by it.
This point becomes very clear when we find that three additional interaction variables
are significant on particular journey purposes, but not for the total sample of
travellers. For example, the variable CANCEL*SEX was significant with a positive
sign for accompanying-business travellers. This means that a particular cancellation
condition has a greater impact on a female’s than on a male’s likelihood of selecting a
particular ticket proposal.

The design variables CANCELSQ, MONTH, MONTHSQ and MINSTAY do
differ significantly (statistically speaking) as we move from one journey purpose to
another. For example, for holiday travellers MINSTAY has a coefficient of +0.050,
whereas for students on vacation it is —0.21. The mean for the total sample is 0.02.
Future studies should develop separate journey-purpose-specific models on a more
extensive scale than the traditional business/non-business division.

Share elasticities can be obtained from the models which describe how the
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percentage change in choice probabilities is related (other things being equal) to the
percentage change in the level of an attribute. With the exception of an earlier paper
by Hensher and Louviere (1979), we do not know of any studies that have calculated
share elasticities from models derived from factorial design data. The formula is
relatively complex for the model in this empirical study, because the choice probability
(P;, equation 1) is a non-linear function of the attributes, and the part played by the
attributes in explaining choice strength is complex. For example, air fare enters the
utility expression as four terms, FARE, FARESQ, FARE*AGE and FARE*AGESQ.
To obtain the direct point elasticity of choice formula, note that

J
P,=exp V[l > exp V],
j=1

where V; defines the utility expression (i.e., the rhs of equation 7). It can be shown that

oP, A
04 " P,
where A is the explanatory variable of interest and B contains the first order
derivatives of the elements of the utility expression relating to the explanatory variable

of interest.?
For example, the fare-related elasticity is:

(1—-P)BA 8)

oP  expV; exp 2V;
v, 7 - Cexp V)?
1 Z exp Vl (Zj p ])
i=1

_exp Vi(2;exp V; —exp?V,
(Zj €Xp V,)z

> expV;
oP oV FARE omit i FARE (8 28, FARE + S,AGE
. . = ' + +
ov ' ep’ P 2;exp V; o 8

+ B,AGESQ)
=(1—-P).FARE. (§, + 2, FARE + S,AGE

+ B, AGESQ)

To calculate the elasticities, the parameters for variables containing fare and
minimum stay are adjusted to reflect the natural units, in contrast to the
orthogonalised nominal scale used for estimation. The parameters f,, B, Bs, B, and S,
are respectively —0.0396, —0.0000013, 0.0000242 (for FARE*AGE), —0.018192 (for

¥ B, for a fare elasticity, is —0.00396 —0.0000013F + 0.0000242 (Age-40) + 0.0000022 (Age-40)?
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AGE), 0.0000022 (for FARE*AGESQ), —0.00165 (for AGESQ), and —0.00346.

From equation (1), estimates are obtained of the magnitudes of choice probabilities
for various types of travellers. In applying the model, to obtain the individual
probabilities it is necessary to select (via the choice axiom) the proposed set of air fare
options. The share elasticities in Table 4 are based on a choice set for December travel
for three fare levels, three cancellation charge policies and two minimum stay
requirements. The relevant choice probabilities for each age and journey purpose are
given in Table 5. For each age and trip purpose category the own-fare elasticities are
in the elastic region, decreasing in magnitude as the ticket conditions become more
attractive. Within each category of travellers, the fare level has the greatest influence
on differences in the elasticity of choice; for example, in age = 20 and purposes 1 plus
2, the difference in elasticity between best and worst of the offered tickets is 3.15
(4.84—1.70), and the contribution of non-fare conditions to the differences within a
fare category is 0.04, 0.14 and 0.32 for fares $1,000, $750 and $500. Forty-year-old
travellers are more sensitive to fare changes than younger and older persons, but the
mean responsiveness of the younger traveller is much closer to the mean
responsiveness of the middled-aged traveller than to that of the older traveller (an
inverted J). Within a fare category the influence of cancellation condition and
minimum stay requirement is greatest at lower fares; this indicates important
non-linear ticketing effects.

The 18 ticket options in Tables 4 and 5 are not likely to be available; more typical
relatively severe non-fare conditions are associated with fare discounts. A more
realistic set of ticketing options is given in Table 6, together with choice probabilities
(P) and own share elasticities (£). These results are obtained without model
re-estimation; we invoke the choice axiom to reallocate choice probabilities, given the
opportunity set. There are no alternatives dominant on all attributes. If the selected
opportunity set is defined on attribute levels within the range used for cstimation, any
configuration is permissible. Careful selection of levels of design attributes will ensure
the application of the model beyond current opportunities. Within a fare and age
category, the distinction between business and non-business trips has no significant
effect on the own-fare elasticities; this reflects the strength of the effect of the fare and
the similarity of its parameter across trip purposes (in Table 2). The elasticities vary
from —4.63 to —1.11, a range sufficiently large to cast doubt on the use, so common
in applications, of a single mean figure.

The empirical estimates of share elasticities have immediate practical value in the
context of the allocation of a given total travel demand between alternative fare
proposals. No comment can be made on the travel/no travel decision, or on the
frequency of travel. Provided the results are interpreted in this light, they are ar
additional set of policy indices for planning air fare structures. Future empirical
studies using this type of experimental measurement approach should consider the
no-travel and frequency-of-travel options.’ Truong (1981a,b) has theoretically shown
how the output of a choice model can be used in obtaining estimates of demand, and
has argued forcefully the advantages of seeking demand predictions by a choice
modelling framework (in contrast to the conventional demand modelling).

? These techniques have recently been extended by the authors to predict the level of demand
(Hensher and Louviere, 1981).

239




JOURNAL OF TRANSPORT ECONOMICS AND POLICY

September 1983

-asodind £suinof pue o8e pajestpul Ay} JO S[ENPIAIPUL JOJ SANIONSL[D 2IBYS dY} SIUIsaIdal MOl YorH,

6S'1— 6S'1— ¥V’ I— 9¥'I— 8TI1— 0€T1— 99T~ 99T 8S°T— 85T 8V'T— 8F'T— 68°¢— 68¢— 98¢~ 98¢~ I8¢~ I8¢~ O

09
96 I— 91— IV 1— I¥' 1= €€T— ¥E€I— ¥9T— $9T— SST— 95T~ €VT— IST— 6€— 6¢— $8¢— S8¢— T8¢~ €8¢~ 1
127 $0T— €07~ €07~ SLT— LL'T— 89°€— 69°€— LS€— 09°€— IS¢~ 0S€~ 9T'S— 9T'S— TT'S— €T'S— 61'S— 0TS— O
or
127— TCT— 96'1— 86'1— $81— 981~ 99°€— 99°¢— 9S°€— LS'€— IS¢~ TS€— STS— STS— ITS— TL'S— 0TS— I1TS— 1
90°7— 90°C— $8'1— $8'1— 09'1— ¥9'T— 8€'€— 8E'€— 6T€— 0L€— 0TE— 0TE— 98+— 98v— €8V~ €8F— 08F— 08y~ O
0¢
07— €0°7— I81— €81 OL1— ILT— LEE— LEE— LTE— LTS TTE— €TE— S8y~ S8v— €8v— €8p— I8Y— 18— 1
dInd
+
1ddNd 98V
o #¥I 0 ¥I. 0 ¥I O ¥I O ¥I O ¥ O ¥I O ¥I 0 ¥  =AKes
WINWIUIA
001/S¥ 0/St 0/0 001/S¥ 0/S¥ 0/0 001/S¥ 0/St 0/0 = [ooue)
kmﬂtwomQ A42qUUa22(J meENQQQ
00§$ = 240 0§.$ = 240 00018 = 2404

wSasodung dauinof puv sady paidajas 40f (saavu4al]y
10YoL 7] puv) suondQ a4vg 234y opun SIUSD]T 4DYS 20l 10d 10241 JO Saipwilisq varidulyg 201309198
ya1av],

240



D. A. Hensher and J. L. Louviere

INDIVIDUAL PREFERENCES FOR AIR FARES

*asodind Lsumnof pue 58e pajedIpulr Jo s[enpraIpur Joj ssniiqeqold jes Ajunyioddo oy spuasaidar mor yoed,

TTO0 1200 II'0 OI'0 IT0 OTO LOOO LOOO 8€0°0 9€£0°0 ¥L0'0 TLO'O TOO'0 TOO'0 0100 0100 TTOO 12070 (A
# ddnd
09 28y

LEOD'O SE0'0 €10 8TI'0 8I'0 €LI'0 €100 TIO0 L¥O'0 SPO'0 €90°0 1900 +00'0 9£00°0 ¥10°0 €100 6100 LIO0 (A
=ddnd
09 98y

1¥0°'0 200 1210 SIT'0 +20 €20 9000 ¥00°0 SE€0'0 0£0°0 I1S0'0 LSOO €100°0 600070 LOO'0 900°0° €100 TI0°0 71
#* ddNd
0p 98y

I¥0°0 6600 SI'0 TPI'0O 0T0 61°0 0100 OI0'0 LEOO SE0°0 1SO'0 8#0°0 TOO'0  TOO'0 800°0 LOO0 I10°0 0100 T+1
= dind
OF 98V

$20°0 €200 €10 €10 ¥T0 TTO 9000 9000 TEO'0 0£0°0 €90°0 0900 STOO'0 +I00°0 LOOO LOO'O SIO0 100 (A
# ddnd
07 98y

6£0°0 9€0°0 ¥I°0 €I°0 00T0 681°0 0I00 6000 6£0°0 8€0'0 SS'O TSO0 TOOO COO'0 8000 8000 TI00 TIOO T+
=ddnd
07 23y

0 4! 0 14! 0 14! 0 14! 0 4! 0 14! 0 14! 0 4! 0 4! =S

001/S¥ 0/Sv 0/0 001/S¥ 0/Sv 0/0 001/Sv 0/Sv 0/0 =D

00s=4d osL=4d 0001 =4

AU 42quiada(J “ Sasoding dounof puv sagy pajod]as A0f SOLIDUIIS 12YIL], 41} SNOLID 4 43PUN SNI1GDGOLJ dI10Y))
g a1av],

241



September 1983 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

TABLE 6
A Realistic Set of Ticketing Options

AGE/PURPOSE I + 2
Cancellation Min. Stay

Fare  Condition Requirement 20/1 20/0 40/1 40/0 60/1 60/0
$1000 0/0 0 P 0.15 0.21 0.12 0.12 0.15 0.16
E —4.13 -3.84 —-4.63 -4.63 331 -3.27
$750 45/0 14 P 0.44 0.45 0.42 0.49 0.48 0.52
E -191 -1.87 -2.15 -1.89 -1.39 -1.29
$500 45/100 14 P 0.41 0.34 0.46 0.39 0.37 0.32
E -1.24 -139 -1.11 -1.25 -1.12 -1.21
E = Elasticity

P = Probability

CONCLUSIONS

The purpose of this paper was to demonstrate the usefulness of experimental design
procedures in helping us to understand how attributes interact to influence choice. The
method is sufficiently general to accommodate predictions of potential demand, as
well as choice probabilities.

The statement by Deaton and Muellbauer (1980) supports the view that individual
preference functions may be obtained for choice sets beyond the current budget set,
and that in this way important insights can be obtained on the implications of offering
widely divergent opportunities (air fare packages) in the future, using the procedures
outlined above. This viewpoint is not incompatible with that of the ordinal utility
theorists, Hicks and Allen, and has in recent years been given increased support by
Arrow (1959) and Sen (1971, 1973). The theory of revealed preference based on
market observation alone is logically incomplete as an explanation of consumer
behaviour (Wong, 1978, ch. 4), and completeness can only be achieved “if we are
prepared to assume that a consumer can buy an infinite number of bundles” (Wong,
1973, p. 65). When we realise this, we can no longer regard approaches based on
experimental observation as inferior methodologies in the development of
explanations of consumer behaviour. Our ultimate objective is to explain behaviour, and
we recognise that the two phrases “what is bought is preferred” and “what is preferred
is bought” are not identical (to avoid the frequent misuse of the terms preference and
behaviour—often used interchangeably); we might therefore refer to the informational
content in our data as reflective of an “as-if” preference of the consumer. Behaviour is
then “explained” in terms of the constructed “as if” preference ordering. That is,
behaviour (in this study based on experimental observation) is identified by a function
that defines “as-if” preferences, where the error theory is integrated into the empirical
specification in recognition that we have an approximation to the “true” preference
ordering of the individuals.

A fundamental question is whether forecasts of future demand (or choice
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probabilities) can be made more accurate by traditional trend extrapolation or by
these types of experimental approaches. This depends partly on the particular issue
under consideration, and further empirical research is required to answer the question.

In future research, we would hope to obtain data on actual travel between the west
coast of the U.S.A. and Australia, and to test the predictive ability of our models when
adjusted to represent the set of fare opportunities available during various periods
after the survey reported in this paper. This would help in determining both the
temporal nature of the elasticities and the predictive capability of models developed on
the principles of functional measurement.

APPENDIX

Sample characteristics

% Occupation %
First international trip 17 Professional 114
Managerial 9.1
Other white collar 38.1
Destination away from home Engineer, trade person 10.8
Australia 30.1 Travel industry 4.0
U.S.A. 53.4 Student 8.5
U.K. 8.0 Housewife 18.2
New Zealand and Australia 5.1
Other Europe 1.7 Pyrgose .
Other 1.7 Visiting relatives 24.4
Holiday 38.6
Business 18.2
Sex—female 47.8 Convention 6.3
Accompanying business 34
Student vacation 2.3
Country of residence Employment 0.6
Australia 59.7 Education 2.3
U.S.A. 24.4 Migrating 0.6
other 15.9
Travelling party
Alone 33.0
Age Friends 15.9
1-15 2.8 Spouse 9.1
16-21 7.9 Spouse and children 30.7
22-30 19.7 Group 6.8
31-45 33.5 Other 8.0
46-55 18.7
56—65 13.7 Children in household
66+ 3.7 None 43.8
Children aged 0—4 6.8
Children 5-18 25.6
Married 62.5 Children aged > 18 30.1
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