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Demand for International Air Travel: a 
Conceptual and Operational Framework 

Occasional Paper
The emphasis in this paper is on the development of a suitable conceptual and 
operational framework within which a policy-sensitive empirical travel choice 
model could be  estimated. Functional Measurement and Discrete Choice 
Theory provide the theoretical base from which models of individuals' choices 
can be derived. The aim of this paper is to outline a method which is capable of 
identifying international air fare structures to various destinations that accord 
with the likely choices of individuals (both current and potential travellers). The 
information obtained will permit the determination of a reduced-set of feasible 
air fare structures which represent a compromise with the full range of possible 
alternatives. Particular emphasis is given to identifying the variation in 
frequency of choice of international air travel to various destinations as a result 
of changes in air fare structures.
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The  review of Australia’s International Civil Aviation  Policy  (ICAP) 
highlighted  the need for  the  Government  to have  information on the 
implications  of  alternative  international  air  fare  structures.  This  paper 
represents  a  continuation  of  the  work  carried  out  as BTE’s input  to  the ICAP 
Review  (published  as  BTE  Occasional  Paper No 11 in 1978). 

I n  recent  years,  sophisticated statistical  techniques,  based on  choice  theory 
and trade-off  analysis,  have been developed  to  measure perceptions  and 
reactions of people to  the attributes of products  and  services  available  for 
purchase. The  Bureau is planning a major  study  of  demand  for  international 
air travel using these techniques. In order  to advance  this  work,  the  Bureau 
commissioned  Dr J.J. Louviere  of  the  University of Iowa and Or C.A. Hensher 
of Macquarie  University to prepare an  overall stuciy design plan. This  paper 
reports on the  first  stage of this  study  dealing with the developnlent of  the 
required  conceptual  and  operational  framework and draws  very  heavily  on  the 
original  work submitted to  the Bureau by the  two consultants. The overall 
study is being  undertaken i n  the Econos-ic Assess.;Ient Branch  with  the  main 
researchers being Dr Pi. Saad, Mr C. Piccinin, MS S. Watt and [;Is Y. Dunlop 
(prior  to  her departure) . 

The  Bureau  believes  that  this  paper  contributes  to  our  knowledge and 
understanding of  these  techniques and highlights their  applicability  to a 
wide  range of  demand  studies  2nd  transport  ?lanning probleitls. An application 
of the  choice  theory  approach  to passenger travel between  Tasmania and the 
Australian  mainland is currently  being  processed for pub1 ication by the 
Bureau. 

N.K. Emery 
Assistant Di rector 
Economic  Assessment  Branch 

Bureau of Transport  Economics 
Canberra 
June 1981 
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CHAPTER 1 - INTRODUCTION 

AN OVERVIEW 

The  market  for international air travel is dynamic. In recent  years  there has 
been a  marked  growth i n  the  range of  destinations and ticket  types  available 
for international air travel. Ticket  types  are  characterised by the level of 
the  fare and the  ticket  conditions (for example,  the  cancellation  penalty, 
number  of permitted stopovers,  season,  advance  purchase  requirements,  and so 
on) associated with the  air  fare  ticket in question. This  growth  has  meant 
that  there  are now a  large  number  of  alternative  ticket  packages fronl which a 
prospective  air  traveller may choose. 

In considering  demand  for  international  air travel one would 1 ike to be ab1 e 
to analyse  the  effect  of  these (and  other)  'changes in ticket  conditions on the 
level of demand. Usually  estimation  of  demand  is  based  on  either  historical 
time  series or cross  section  data or both. Analysis  of delnand frequently 
involves  extrapolation  from the range of values of certain  variables i n  the 
estimated  demand  relationship. The  above methods  have  limitations. The 
coarseness of  the data  base often 1 inits model 1 ing to a high  level of 
aggregation  because  the  data  cannot  distinguish  between  the  behavioural 
variabil  ity  across the  population  as a whole and within  selected di saggreyate 
market  segments  of  policy interest. Also it limits  the  capability  of 
assessing  the irl;pact of an extended  set of  future  ticket types. Furthermore, 
when using time  series  data, @ne may need to  simultaneously model supply or 
run  into  identification probleras(1). This  complicates an already complex 
task. Finally, broad aggregate  measures  such as price  elasticities  and/or 
income  elasticities of dernand for all leisure travel are useful,  but are  of 
limited  value in the forrnulation of an  overall strategy  to deterrnine a series 
of  air  fare structures.  Such  strateqy aust  be based on  information  on 
individuals'  responses to the  availability of  ticket  types to various 
destinations and to  the interaction  of  the  different  ticket conditions. 

(1) For an exposition of  the identification  problem  see  Chapter 13 of Kmenta 
(1971). 
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The  approach proposed i n  this paper is based upon  theory developed i n  
economics and psycholocgy which justifies  the use of  multilinear  utility 
functions i n  choice and preference models. These rrlodels are  estimated  to 
represent  the 1 i kel i hood of an individual selecting  a  particular  set  of  ticket 
conditions  for travel to a given  destination  or  selectiny  a  destination and 
set  of ticket  conditions simultaneously. A study  of  this kind Inay be of 
considerable value in the  development of policy on  future international air 
fare  structures, and may provide more robust  predictions of the  likely impact 
of structural changes  than  aggregate model 1 ing procedures. 

It should be noted that the proposed approach  overcomes  some  important 
1 inli tations  of  the  traditional method. The  data  base is totally disaggregate 
in that a  separate model for each  individual can be obtained if required. 
The  range  of  observations  can be broadened  to cover  the  span of policy options 
one wishes to  analyse. There is  no  need to estimate  a  supply function. 
Moreover, pol icy-sensi tive demand models  can be developed  across  the sarnpl e 
of  travellers and non-travellers which maintain  the individual  as the unit 
of  analysis (in contrast  to rlrany transport demand studies  where  the  data  are 
specified at a  zone-pair level). The philosophy  behind the  approach is that 
it  is preferable  to  develop  a  totally  disaggregate  data  base and modelliny 
capability;  thus  retaining  the  maximum  freedan to select  the  desired level 
of  data  aggregation  for  whatever  modelling  analysis needs to be undertaken. 

OBJECTIVES OF THE PAPER 

The  emphasis in this paper is  on the  development  of  a  suitable conceptual 
and operational framework  within  which  a  policy-sensitive empirical travel 
choice model could be estimated.  Functional Measurement and Discrete  Choice 
Theory provide the  theoretical base from which models  of  individuals'  choices 
can  be derived. This  approach  incorporates  the  technique  of factorial 
experimental design  to,  systematically vary travel options  available to 
travel lers. Such experimental ly induced responses allow one  to  develop 
estimates of actual and potential choices in view of current and possible 
future  actions and events. The  models derived from  such  experiments 
provide guidance on the 1 ikely  behavioural responses  of individual travellers 
to  changes in the  fare  structures  (including  ticket  conditions)  between 
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destinations.  Such  impacts can  also be identified  across  a  well-defined  set 
of homogeneous  traveller  markets,  segmented  according to criteria  of pol icy 
interest. 

Therefore,  the aim of  this  paper  is to outline  a  method  which is capable of 
identifying  international  air fare  structures  to various  destinations  that 
accord  with  the likely choices  of  individuals  (both  current and potential 
travellers). The  information  obtained will permit the  determination  of  a 
reduced-set  of  feasible  air  fare  structures  which  represent a  compromise  with 
the full range  of possible  alternatives.  Given  knowledge on the  relationship 
between  the  sample  of potential  and  actual travellers  and  the  population, 
a  scenario  of  predictors  of  market  share  proportions (say journey  purpose 
by destination)  can  be identified. Particular  emphasis  is  given to 
identifying  the variation  in  frequency of  choice  of international  air  travel 
to  various  destinations as a  result of changes in air  fare structures. 

STRUCTURE OF THE  PAPER 

Chapters 2 to 5 detail the theory  underlying  the  disaggregated  modelliny 
approach  to  demand  analysis.  Chapter 2 develops  the Functional Measurement 
approach to demand  model1 ing and  compares it to  the Revealed  Behaviour 
approach. Chapter 3 presents the analytical  framework froni which  a  travel 
choice model can  be derived.  Chapter 4 deals  with  sample  design,  outlining 
the  use  of factorial  experimental  design and fractional  factorial design, and 
considers  the  restrictions  imposed on the  sample  desiyn by the  use of a 
fractional  factorial design. Chapter 5 includes  a  proposed sarnple design 
which  is  constructed  as  an  international  air  travel  demand  experiment. 
Chapter 6 consists  of  concluding  remarks.  Finally,  technical material i s  
contained in two  appendices: the  first  dealing \;ith specification  of 
individuals'  preference  functions  and the second with orthogonality in sample 
design. 
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" CHAPTER 2 - FUNCTIONAL  MEASUREMENT 

There  are two  general frarlleworks within  which model development,  estimation 
and verification  can be accommodated in demand studies. These  are  the 
conventional flevealed Eehaviour  Approach  (RbA) and the  more  recently  developed 
approach of Functional  Measurement (FM). 

The  REA  observes  current  and/or  recent past choice behaviour amongst travel 
alternatives and attempts  to  relate  actual/revealed  choices  to  the  attributes 
of both the  alternatives and of  the  individuals by means  of  various 
statistical choice models. By comparison  the FM approach (discussed in this 
paper) develops  experimentally  designed  choice  contexts  with  desirable 
statistical  properties and assesses  the  experimentally induced responses  of 
individuals  to such  situations. Hence,  models with  known statistical power 
and properties  of  the  estimates  can be developed. 

BASIC CONCEPTS 

FP! refers  to  a variety  of experimental  design-based  methods  for  assessing  the 
responses of individuals  or  groups to current and potential demand 
(behavioural)  situations.  Mathematically, it  is  an approach  which leads to 
development  of  quantitative  expressions  (or models)  which describe  the  process 
by which  the  attributes  of  alternatives  are  combined by an individual  or a 
group  of individuals to choose among various  bundles  or collections  of 
attributes  (that is, alternatives). The actual choice  or  decision  of  the 
individual or group  of  individuals is inferred by examining  their  choices  over 
different  sets of offered alternatives. 

In the present context  of  assessing  the  future demand for international air 
travel, FM defines any procedure  which  seeks  to  measure  or  observe  the 
potential travel choices  of  individuals  under  various  destinations and ticket 
type scenarios. This is achieved by expressing  the offered  travel 
alternatives (such  as different air fare packages)  as combinations (or 
bundles) of the levels of the  different  attributes vihich  colliprise the 
alternatives.  To  predict traveller  choices and to  assess  the  sensitivity 
of  these  choices  to policy alternatives,  a model is specified by relating 
these  choices  to both the  attributes of the  alternatives and the 
characteristics  of individuals. 
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AVAILABILITY SCENARIOS 

In  order to observe  travel  choices  of  individuals, it is necessary to create  a 
number  of hypothetical 'availability'  scenarios in which  various  combinations 
of destinations  and  fare packages (that  is, alternatives) are  offered  (or  not 
offered) to travellers  and potential travellers.  These  experimentally 
designed  scenarios  are  required  because it is  necessary to  generate  sets  of 
alternatives  that  span as much of  the  entire  -range  of possible future 
conditions  as  possible in  ensuring  that any future  alternative  could  be 
represented by interpolation. idoreover, to  ensure  realism  of  results,  the 
hypothetical choice  alternatives should be  related  to  current and  recent  past 
alternatives  which  are  a  subset  of all the travel choices  to  which  the  derived 
choice  models  should apply. In this way the experirilentally induced  responses 
can be related  to actual  choices.  This  is  a  major  advantage of the FM 
approach  particularly  in the  case of new  products/services.  That is, it 
enables  one  to  make maxirriu1;l use of a  linited  data  base of actual alternatives 
supplemented by a range of possible  future alternatives. 

LEVEL OF ANALYSIS 

With the FM approach, it  is possible  to  develop  choice models at an  aggregate 
or an individual level of analysis. It is proposed  that the individual  be 
employed  as  the basic  unit of data  collection  and  analysis for two reasons. 
First,  such  a level  is behaviourally  more [meaningful  and  valid in that  impacts 
accrue to single  individuals er  similar  traveller  'groups'  whose  composition 
cannot be fully known  a priori. Second,  the validity of  the  assumptions 
inherent in various  methods of aggregation  are  questionable  (see  Hensher and 
Johnson, 1981). 

METHODOLOGY 

The FM approach  outlined  in  this  paper  is based upon  work i n  psychology  known 
as  Behavioural Decision  Theory (S1 ovic,  Fischhoff and Lichtenstein  1977) and 
related  methods in discrete  choice  theory in econolnetrics (McFadden  1974; 
Hensher  and  Johnson 1981). Moreover,  methods  developed  in  classical 
approaches to the  design and analysis  of  experinents  to  formulate Inathernatical 
models  of  choices  or  decisions  are employed  (Anderson  1970;  Niner  1971; 
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Louviere 1980). The FM approach  consists  of  four  discrete but necessarily 
interrelated steps. In the  first  step,  the basic causal variables  which 
influence  the  choice  or  decision  of an individual are identified. In the 
second step,  the  variables identified in step  one are experimentally 
rrlanipul ated and choices  or  decisions  of  interest  (hereafter  termed 
'responses')  are observed. The  object of this second step is to express  the 
responses as an algebraic  function (rnodel) of  the  manipulated experimental 
variables. A third  step is required for  validation and involves  the rnodels 
being  applied  to  predict the  recent past choices  of  a  subsample  of  the 
respondents who  have been interviewed.  This  permits assessment  of  models 
performance by application  to actual choices and also  indicates  whether any 
further  specification and estimation is necessary. A final step  involves  the 
use of  the  models to make  forecasts  of  choices  of  destination/ticket  type/trip 
frequency for some period of  interest  (say,  the next two  years) for various 
pol  icy alternatives. 

COMPARISON  WITH  REVEALED BEt-IAVIOUR APPROACH 

The RBA has the  advantage  of being re1 ated directly  to actual behaviour, with 
the  limitation  that  the  behaviour  was only observed  within  a  limited context. 
In relation  to international  air travel,  the  context is limited  to whatever 
variability  currently  exists  between  various  destination and fare package 
alternatives. Hence,  the RBA relates actual choices to alternatives 
which  cannot be assessed  a priori regarding  statistical power and properties 
of estimates. Thus,  the  covariance  structure  of real alternatives is biased 
toward  current and recent past situations  and,  therefore, any policy decisions 
which change  the  covariance  structure (as many do) limit  the  parameter 
estimates  for  forecasting. On the  other  hand,  the FM approach is  very strong 
in that it can  ensure  that  the model parameters are relatively  independent  of 
existing  covariance  structures, but weak in direct  validity  to actual 
behaviour.  This is at,tributable  to  the unknown link between  choices  made in 
an experimental  environment and those  nade i n  a  real-life situation. 
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In the present  area of  interest  the REA would be particularly  weak  in  that it 
'appears future  conditions  are  likely  to be significantly  different  from  those 
at, present or in the past.  tience the CC; approach  is  developed i n  this paper 
as  an appropriate  approach  to forrnulate a model to  assess  the  future delnand 
for international air travel. By using  estimated Flq Cilodels i n  a  sinulation  of 
actual choices  made by the  sarple  respondents, it is possible to verify the 
models,  thus mir!irnising the  disadvantages  of  this approach. 
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CHAPTER 3 - ANALYTICAL  FRANEWORK 

As indicated  in Chapter 2, FM is a  statistical  approach to  the  design and 
analysis  of  choice studies. This  approach is  based on  research in 
matheelatical psychology and  is characterised by two  aspects. Firstly, FM 
provides the analytical  framework  from  which rrlodels of individuals' choices 
can be  derived. Secondly,  the  approach  incorporates  the  use  of experimental 
methods  to estilnate choice rnodels rather  than  observations  on  individuals' 
revealed choices. This  chapter  together  with  Appendix 1 develops  the theory 
which  provides  the fra~wwork  for analysis(1). 

BASIC ASSUMPTIONS 

The F k  approach  involves'four assumptions. The  first  is  that  individuals have 
perceptions or be1 iefs  about the  levels of attributes  possessed by 
alternatives. These  perceptions  or beliefs are a  function  of  physically 
measurable  qualities  or  properties  of  the alterna,Lives. That is: 

where xi is the perceived or subjective level of attribute i ,  
X i  is the actual or rlleasured level of  attribute i ,  

and f defines  the  mapping  unique to each  measured  levels  of  attribute 
(Xi), onto  the perceived  levels (xi) of  attribute i. 

It  is on  the perceived  levels (xi) of attributes,  that  individuals  base 
their value judgments  rather  than  on  the  measured value  (Xi) of the 
attributes.  Equation (3.1), therefore, is often  termed the 
'psychopt~ysical  function' i n  that it describes how individuals' beliefs 
about  the  levels  of  attributes vary  with the physical properties of  the 
observed variable. 

" 

(1) Chapter 4 discusses  the experimental  measurement  techniques  required 
for  the  estimation of these models. 
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The  second  assumption  is  that  individuals place  different  values on the  levels 
of  the various  attributes.  Hence, the  'worth' of  a  perceived level of an 
attribute  must  be  a  function of the  observed level of that attribute. That 
i s(1) 

(3.2) 

where V(Xi) is  the  worth  of  the perceived level of  attribute i ,  and gi 
defines  the  mapping, unique to each attribute i ,  fran  the  observed 
value of attribute i ,  (Xi), onto  the  worth  of  the perceived level 
of attribute i ,  (v(xi)). 

The third  assunption  is  that  individuals deterrni ne their overall preference  or 
value  judgment  for  each  alternative  (which  is  described  as  a  combination of 
attributes) by combining  the perceived  values  of the  respective  attributes 
represented by equation (3.2). That i s: 

where Vj is the overall  value or  worth of the  jth  alternative, 
v(xij) is  the marginal  value of attribute i associated W 
a1 ternative  j, 

,..., J (3.3) 

and 

i th 

dj is a  mapping  defined  over  the I attributes of alternative j, 
J is  the  number of alternatives. 

Equation (3.3) is known as  the  'joint value  function'  because  it 
represents  the  manner i n  which  the  separate maryinal  values are  combined 
by individuals to produce  a  single  value  for  each  alternative. 

The  worths assigned to  levels  of  attributes are  frequently referred to 
as  'marginal' values. This  tern  is used because  a full analysis of all 
possible  alternatives is technically  a  factorial experirnental design 
or a  cross-classification table. The sws, averages  etc,  recorded on 
the  margins  of  this  table are  technically  estimates  of  the partial worths 
of each level of  each  attribute  holding all other  attributes constant. 
Hence,  the term  'marginal' value. This  tenn is adhered to  throughout  the 
rernai nder of this discussion. 
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The final assumption is that  the  observed  response  or  choice is a  function  of 
the  joint value given to  each  of the J alternatives. In the  most general 
case,  individuals rniyht be per~~iitted to  choose  frequently among the J 
alternatives. Thus, it would be possible  to observe  repetitions  of  choices by 
a  sinyle individual. This assuniption can  be mathelrlatically expressed as 

Pj = h(Vj), (3.4) 

where Pj is the  probability  (relative  frequency)  of  choices  allocated 
to  alternative j over  a  particular  observation  period, 
Vj is defined  above, 

and h is a mappiny  defined  over all the values  of the alternatives. 

The  above  four  assumptions,  mathematically  described by equations (3.1), 
(3.2) , (3.3) and (3.4) can be incorporated into one  composite  choice function. 
That  is: 

Defining  the  vector  function tj(zj) - where ,Xj = (Xlj, Xzj, ..., X1j) - as 

renders it feasible  to  represent Pj as 

either Pj = h(dj(@j(zj))) (3.6) 

where Fj is the  composite  function deterrllining the  probability  of 
selecting  alternative j given the  measured level of  its attributes. 
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IDENTIFICATION  GUIDELINES 

To  operationalise  this  theoretical  framework  for  modelling  pur$oses, it  is 
necessary  either  to  make  explicit  assumptions  about  the functional forni i n  
equations (3.1) to (3.5) or  to  identify  the  functional  forms empirically. 
Both alternatives  require an error  theory for specification/testing. In the 
absence  of a priori expectations  concerning  the functional form  the  latter 
alternative is usually selected. The most commonly used specifications  of  the 
models  represented by equations (3.1) to (3.5) are reviewed below. 

Marginal val ue functions 

Previous  research  has  indicated  that  the  functional forrla of  the marginal 
values  are usually non-l inear  (Louviere 1978, 1979;  Louviere and Henley 
1977;  Louviere and Levin  1979,  Louviere and Meyer 1976, Meyer  1977, 
Norman 1977). The most common  specifications  of  equation (3.2) employed in 
empirical  work are  the  following 

C 
V(Xi) = ai + bj Xi i (3.7a) 

V(Xi) = ai + biXi + CiXi2 (3.7b) 

v(xi) = ai + bi (exp (ci+diXi)) (3.7c) 

It should be noted that  each individual can have a  unique  shape  for his  or  her 
marginal value functions.  The actual shapes  of  the  curves are determined by 
the  coefficients  of  the  above  three equations. It is hypothesised  that 
differences between individuals'  coefficients are  related to the personal 
characteristics  of  the  individuals concerned. Thus,  if  the  coefficients  can 
be estimated  for each individual, it would be possible  to test  for  differences 
in these  coefficients among individuals as a fgnction  of  differences i n  their 
interpersonal characteristics(1). 

(1) This is discussed in Chapter 5. 
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General nlultilinear form of  the  joint  value  function 

A common  specification  of  the  joint value equation (3.3), is that of the 
general multilinear form. In the  case  of  three  attributes,  such  specification 
is: 

Vj = ko + kl v(X1j) + k2 v(x2j) + k3 ~ ( ~ 3 j )  (3 -8) 

+ k4 v(xI~)v(x~~) + kg v(xI~)v(x~~) 

+ k6 v(x~~)v(x~J) + k7 v(~lj)~(XZj)~(x3j) + E j  

where Vj, v(xij) are  defined above (there  are  a total of 3 attributes 
defining  alternative j in this case) , 

ki are  scaling coefficients, 

and E J  represents an error term. 

The  single terrils i n  equation (3.8) are  comonly referred  to as 'nlain effects' 
because they represent  the  'main'  contribution of each attribute  (independent 
of  other  attributes)  to  the overall  value or response. The product terms 
are 'interactions'  representing any combined  effects that two  or  more 
attributes  have,  above and beyond the sum  of their  main effects. 

The  additive and multiplicative  specifications  of  the general multilinear  form 

The most commonly employed restricted  specifications  of  equation (3.8) are 
simple  additive and multiplicative forms. These are: 

(3.9a) 

(3.9b) 

where all the 
coefficients. 

Previous stud 

variables 

ies  of ind 

are as defined  above whi 1 e  the k' S and 1 ' S are  scaling 

ividuals'  choices  (Louviere and Levin  1979;  Louviere 
and Meyer 1976; Meyer 1977; Norman 1977;  Louviere 1980) have  repeatedly 
suggested  that  multiplicative forms are  better  descriptors of the value 
judgments of individuals  than  are  strictly  additive forms. Similarly, it 
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has been  found  that  when two or  more  attributes  are  considered sirnultaneously 
(jointly), if one  attribute is at a very undesirable  level, it makes  little 
difference  what  the values of  the  remaining  attributes  might be. Moreover, 
multiplicative model f o r m  are  extremely useful for  evaluation and planning 
studies  because  the  theory provides a means by which  threshold  levels for 
attributes  can be estimated and their potential joint  effects  determined prior 
to initiating  say  a  transport service(’). 

Probability  choice  function 

An accepted  form  of  the probability choice  function  (equation 3.4)) is  that of 
the multinomial logit model. This is a disaggregate  choice model in which it 
is  generally  assumed  that the  joint value fl;nctions alternatives, (Vj), are 
linear  functions  of  the  attributes,  that is 

Assuming V(Xij) = Xij, then 

(3.10) 

where E j is an  error  tern, 

and Bij are  coefficients to be estimated. 

Defining: 

(3.11) 

results in the  probability  choice  function being  specified ir: the wltinolilial 
logit model as: 

(1) See Appendix 1. 

13 



Pj = h(Vj), (3.4) 

J 

j= 1 
= exp  exp V?, (3.12) 

I J 1 

i=l j=1 i =l 
= exp (X Bij  Xij)/E ~ X P ( Z  ~ i j  Xij) (3.12') 

The  theoretical  base of the  logit  model  and  appropriate  estimation  procedures 
are  well  documented in the 1 iterature  (Hensher  and  Johnson 1981). 
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CHAPTER 4' - SURVEY METHODOLOGY 

This  chapter  deals  with a  technique- for constructiny  questionnaire and survey 
forms. These  questionnaires  are  the  basis of a  demand experin:ent which 
permits  the  specification of individual  and  group  response  functions  as  they 
apply  to  the  range of alternatives  offered.  These  designs  are  constructed 
to induce  responses  that  span  over  a  broad  range  of pol  icy circulnstances 
because  they  cover a  wider  range of options  than  those presented by existing 
choices. 

FACTORIAL DESItiN 

Modelling  individuals' responses  to  multi-attribute  alternatives  involves 
selecting  combinations  of  levels  of  attributes  for  individuals  to  evaluate. 
This  is  similar to more  traditional travel analyses i n  which  the  observations 
of  choice employed in transportation  data  sets  consist  of  observations  on 
corrlbinations of  attributes at different levels. Because  of  the  nature  of 
the real world,  however,  the vectors of real attributes  are  almost  always 
highly  correlated.  For exalnple,  valcles for  stopovers,  air  fares and  travel 
times  are  almost  certainly  related  to  distance, and will be strongly 
correlated  across  most trips. Moreover,  in rllany cases only a  subset  of  the 
possible  alternatives is available  to  individuals,  thus  limiting  the 
inferences  that  can  be drawn. In other  words,  the  data  collection  methods 
discussed in this  section  are  extensions  of  traditional  data  collection 
efforts which  improve  the  range  of  alternatives and the  descriptions of their 

I attributes  over  those  available in actual choice data. Furthermore,  they 
are  an improvelilent over  traditional  data  collection  techniques  in  that  they 
permit one  to  designate a priori which  statistical  effects can be examined 
and with  what power. 

, 
i 

It  is theoretically  possible  (although not  practical to  implement in most 
instances) for  these sanpl  ing  plans to  guarantee  independence of all 
attributes so as  to pernit  estimation of a  large  number  of  joint effects of 
these  attributes.  One  method of collecting  data, termed a factorial design, 
is  a  procedure  for  constructing a  set  of  conbinations of levels of attributes 
by which it  is possible to  guarantee  the  independence  of both  single and joint 
effects  of  the  attributes  (this statistical  independence  allows  the  estimation 
of all the coefficients i n  equation (3.8)). 
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For example,  various  'tickets'  to a particular  destination  could be developed 
as combinations of levels of fare,  advance purchase requirenlent, and 
cancellation penalty.  If, say, two levels  are allowed for each attribute  (eg, 
fare - 8800, $1200;  advance purchase requirement - 30 days,  45  days; 
cancellation penalty - 25 per cent,  50 per  cent) , there  are  eight  possible 
'tickets'  (alternatives) given by these conlbinations as shown in Table 4.1. 
Note that each combination  provides inforrnation reyarding all of the 
attributes.  This sampling plan  is  very efficient  because it provides 
information  about all single  (marginal)  effects and all joint  (interaction  or 
cross-product) effects. The  approach  to using this kind of plan (from which 
the present  study is derived)  is to present individuals  with  sets of 
alternatives  developed  according to a factorial design plan similar to those 
alternatives in Table 4.1. The  individuals  are  requested to provide some 
response  of  interest,  such as degree  of  'preference',  'likelihood  of  use',  or 
number  of  trips  for each  alternative. A  statistical model fitted  to such data 
permits  one to simulate  the  effects  of  changing  these  ticket  conditions  as if 
they had been changed in the real world. This kind  of data  collection schelile 
is called a factorial design  because all combinations of all attributes  are 
enumerated and responses  to a1 1 are observed. Technically,  the sampl iny 
design i n  Table 4.1 is a  23 factorial.  If each  attribute is assigned  a 
third  level, (say  $500 for  fare; 60 days  for  advance purchase requirement; 
75 per cent  cancellation penalty), the  design  would become a 33 factorial, 
comprising 27 alternatives. 

TABLE 4.1 - FACTORIAL  COMBINATIONS I N  TICKET  EXANPLE 

Ticket  Fare  Advance  purchase Cancel 1 ation 
alternatives 

($) 
requi rernent penalty 

(days) (per cent) 

1 
2 
3 
4 
5 
6 
7 
8 

800 
800 
eo0 
800 

1 200 
1  200 
1 200 
1 200 

30 
30 
45 
45 
30 
30 
45 
45 

25 
50 
25 
50 
25 
50 
25 
50 

and 
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With  increases i n  the  number  of  attributes  or  the  number of  levels, or both, 
the total number  of possible  combinations  increases rapidly. For  example, i n  
a  design  of 4 levels  over 4 attributes,  there would be 44 (or 256) sets  of 
attribute bundles. As the total number  of  combinations  increase,  the 
requi rernents p1 aced  upon  respondents  become prohibitive. 

As a result, a  number  of  ways  to  reduce  the total number  of  judgments  required 
in a  factorial  design  experiment  have  been  developed.  These [modified data 
collection plans are  called Fractional  Factorial  Designs. 

FRACTIONAL  FACTORIAL DESIGNS 

The  following  are  important  questions  which should  be ansirered before 
selecting  a  fractional  design: 

What  type  of infornlation does one require  for  modelling purposes? 

. main  effects only(1); main  effects plus selected  interaction 
effects(2); or all main and interaction  effects. 

What  is the  nature  of  the  levels  of each attribute? 

. do  different  attributes have the same or different nmbers  of 1 evels. 

How many  attributes  does  the  researcher want to vary i n  any single  set 
of combinations? 

. all attributes;  or  some  subset  of thern. 

Question (a) essentially  determines  the  complexity  of  the  information one 
needs to  obtain frorrl the  respondent:  the  collection  of infori,iation on all 
interaction  effects is rarely practical  and hence the  selection of certain 
interaction  effects is usually  required. 

(1) Main effects  are  those  effects which are  due  to an attribute  alone . 
(2) Interaction  effects  are  those  effects  which  are due to  the presence of " 

a  number  of  attributes. 
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Question (b) concerns  whether  one  can employ  a symetric  or asynnietric 
fractional desiyn(1). Although it  is easier to obtain symetric designs 
fror:i avai 1 able  sources,  a catal ogue  produced by  tiahn and Shapiro (1966) covers 
d very wide  range  of both types of designs and  should  ordinarily suffice. 

Question (c) concerns  the possible  use  of  designs  that  present  less  than all 
attributes at a tillle.  In particular, one type of desiyn  in  which  attributes 
are varied two-at-a-time  (called  trade-off  analysis) has  been frequently 
eiiipl oyed (for  example,  see  Eberts and  Koeppel 1977). 

Only  Questions (a)  and  (b) are  considered  truly  relevant  to  the  design  of 
a  Functional  Measurement  study.  While it is  impossible to provide  a general 

fractional  designs  a  guide  to  selection of plans 
provided by  tlahn and Shapiro (1966) . 

rule for the  selection  of 
for a  specific problenl is 

Admittedly,  some  informat 
design.  Such  information 
general mu1 t i 1 i near form 

ion  is lost by  erllploying a  fractional  factorial 
loss  means  that solne interaction  effects in the 
(equation (3.6)) cannot be revealed (or estimated) by 

the data(2). The nurilber of  interaction  effects  that  cannot  be  estimated  is 
dependent upon the  size of the design.  Therefore it can be decided a priori 
by the  analyst  which  effects  can be asslulled to be  neyliyible. 

Nevertheless,  the  information  loss by employing  a  fractional  factorial  design 
is not  a  serious  restriction.  For  example,  if  the  'true'  specification  of  the 
general multilinear  Sown is multiplicative  (equation 3.9b), using a  fractional 
factorial  design  that  eliminates  the  joint  effects will mean  that  the actual 
estimated fornl will  be additive  (equation 3.9a). This need  not be  a  problem, 
because  the  linear  function  provides  an  estimate  of  the  true marginal  value 
function, provided  lower-order  interactions  are  negligible  (Lerman  and 
Louviere 1378). The  linear  additive  specification will almost  always 
reproduce  the  correct  rank  order  of observed data, even if the  true 
specification is multiplicative. 

(1) Symmetric  designs  are  those in which all attributes  have  the  same  number 
of  levels,  asymmetric  designs  are  those in which  at  least  one  attribute 
has a  different  number  of 1 eve1 s compared  with the others. 

estimated. 
(2) It  is usually the  higher  order  interaction  effects  that  cannot  be 
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Prediction of rank order  is  stressed  because  this  is a1 1 tl-,at is necessary 
to predict  order of choice. Provided an individual will 1::ost frequently 
select  the  alternative with the hirjbest predicted  value, then  this prediction 
can collie from know1 edge  of rank order  alone. 

Thus,  if  one  can estirilate a  linear  valae  equation  for  each  individual in a 
sample  as an approximation to predicting how the values of  their  responses 
will vary over  bundles  of  attributes,  one can  forecast choice. 

OKTHOGONALITY 

It is  frequently  desirable to employ desil;ns which  provide  that all  [,lain 
effects and two-way  interactions  can be estimated  independently  of  one  another 
and all other  interaction effects. To  illustrate  this  idea,  consider a 
3 X 3 X 3 full factorial  sampling p1 an. The 1 evels are labelled 1, 2 and 3. 

The full design is given i n  Table 4.2 for hypothetical  attributes A, 6 and 
C. To  fractionate  this  design so that  one  can  infer  the  main  effects  of H, i3 
and C, one needs to know  chich terns or effects  are  correlated  with  which 
others.  For example, if one  wants  to  estimate  the nlain effects  independently 
of  one  another, it is obviously desirable  that all  rnain effects  be 
uncorrelated  with  each other. So, one would want to  choose a  fractional 
sampling  plan  that  guaranteed  this  statistical  independence.  Likewise, if 
one  suspected  that  there would  be significant  interaction  effects,  one  would 
want  to try to minilni se correlations  between a1 1 relevant  variables,  both 
linear  and  joint terms. 

As a  rule  of  thumb,  less and less  variation is accounted for by interactions 
after  main  effects  have been accounted for, even  if  the  interactions are 
statistically  significant. It is usually the case, in  fact,  that two-way 
(eg, A X B) interactions  account  for  less  variance  than  kain  effects, but more 
than  three-way  interactions  (es, it X B X C). iience, one usuallj  wants to 
collapse  the factorial  design  across as many  interaction  effects  that  are 
three-way or hisher as  possible. In fact,  one  tries to I:;inilni se correlations 
with  two-way  effects  because  these  correlations  coald be large and hence 
affect both the  estimation and interpretation  of results. 
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To illustrate how one  selects such a  fraction, it 'is instructive  to  turn  to 
a rilultiple linear regression forrllat. For the  design in Table 4.2 the 
following  regression  equation Inay be  specified. 

"23 A i 2 2  B i C.+a 1 24  A i 2BiCi2tB25AiBi 2 2  Ci 

+B A. B. C. +E., 2 2 2  
26 1 u - 1 -  ~ . ~- 

where eo is a  constant, 
, ,q to e6 are  the  main  effects of the  relevant  attributes, 

1 
,q7 to b18 are the two-way  interaction  effects, 

E is an  error  term, 
and A, B and c are  the  three  attributes in Table 4.2. 

1 '19 to '26 represent  the  three-way  interaction effects , - .  

i 

It  is desirable that the fractional  factorial design  chosen  minimises  the 
correlat.ion alilonc;st the terms associated  with  the  coefficients B 1  through  to 
813. This will pernit the estirltation of  those coefficients. The  remaining 
coefficients  however  can not be estimated with the  same fractional  factorial 
design. 

I n  order  to  obtain  independent  estimates of the  main  effects and two-way 
interaction  effects,  one needs to  specify  A and A2, B and 32, C and  C2 
in such a way that  they  are uncorrel ated or at least  minimally correlated. In 
this  case  a factorial  or fractional factorial data  collection plan is a 
necessary but  not sufficient  condition to guarantee  this independence.  This 
data  collection plan is termed  'design  orthogonal'  to  distinguish it from  the 
corresponding  estimation  problem,  although  the  latter  always  follows  directly 
from  the former. Unless  one  can  transform A, B and  C  into  separate 
uncorrelated 1 inear and quadratic  terms, A and liZ wi 1 1  be correlated,  as 
will B and B2 and L and C2. 
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The  creation of separate  orthogonal terrx of  interest will be  termed 
'estimation  orthogonal' as  it refers  to  estimation properties. The creation 
of  'estimation  orthoyonality' is accomplished by  iaeans of 3 transfor1,iation 
procedure  termed the  'method of  orthogonal polynolzlial transforlnations' . This 
method is  used i n  research  tasks to ensl;re independence  of illain linear and 
quadratic  effects and corresponding  interaction  effects in analysis. An 
outline  of  the Inethod of orthogonal 2clynoiiiials is 9i3Jen i n  Appendix 2. 

TABLE 4.2 - FULL FACTORIAL COUIilti EXAPPLE 

__ "" ~" 

1 1 1  2 1 1  3 1 1  
1 1 2  2 1 2  3 1 2  
1 1 3  2 1 3  315 
1 2 1  2 2 1  3 2 1  
1 2 2  2 2 2  3 2 2  
1 2 3  2 2 3  3 2 3  
1 3 1  2 3 1  3 3 1  
1 3 2  2 3 2  3 3 2  
1 3 3  2 3 3  3 3 3  
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" CHAPTER 5 - A PROPOSED  INTERNATIONAL AIR TRAVEL  DEMAND  STUDY  DESIGN- 

INTRODUCTION 

I n  the  field  of international air  travel,  there  are a very 1 arge  number  of 
possible  influences on travellers'  choices  that  are  of potential interest. 
It is  therefore  necessary  to  carefully  specify  the  variables  of interest. 
For  example: 

. there  are  destinations,  which have  unique  effects, 

. there  are  ticket  types, which  have  unique and joint  effects, and these 
effects  may  be  different  for  different  destinations, and 

. there  are travel  and tour package  options  which may have  unique effects 
as we11 as  effects  that  differ by destination. 

It is recognised  that the 'effect' of  these  variables i S related to  the 
availability of various  combinations  of  destinations and ticket types. Thus 
it is important to  vary the  availability  of various fare  packages  to various 
destinations.  For  example,  it  is  realistic to assme that  current  first  class 
and  econorny class  fares will continue to be available to all destinations  and 
that  only SOW combinations  of  discount  fare packages and tour  options wi 1 1  be 
available  to  only sollie destinations.  However, it  is the  joint effect of 
availability  of  packages to destinations  that  enters into the  decision lnaking 
process as well as  the  components  of  the packages. 

in order  to  obtain  as corllplete an  information  base  as  possible  regarding  each 
of  these  influences  a  study  design  should  consist  of  four  sections. 

( 1 )  ii series  of  situations in which  destination  is held constant  and  ticket 
types  are varied (ey, by asking  travellers  what  changes  they  would  make 
in their  journey in  response to  the availability  of  other  types  of 
tickets). That  is,  different  sets  of  conditions and discounts  are  made 
available in different  combinations and choice  behaviour  is assessed. 
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(2) A series  of  situations i n  which  the  availability  of  destinations is 
varied subject  to  current  first  class and economy  class  fares  or  these 
fares plus  an 'acceptable'  discount fare. The respondent is asked to 
choose among available  destinations.  This  provides an assessment of the 
joint  effects  of  destinations, holding  conditions of tickets  constdnt. 

(3) A  series of situations in which  destination  availability and ticket  type 
availability  are sir:lulianeously varied and respondents  are  asked  to 
choose among available  tickets and destinations.  This final desitjn 
pennits one  to  estimate  marginal, jcint and conditional  effects  and 
combinations  of these. tlowever, i n  practice  not all combinations of 
effects  can be  estimated(1). 

(4) A series  of personal, demographic and  historical background  qgestions 
in order  to  assist in segmenting  traveller  responses  and  choices  into 
groups  who potentially will respond  differently to alternative  travel 
options. 

An extensive  series of pi1 ot  interviews will usually be required  to  determine 
how riluch of these  four  sections  respondents codld be expected to complete. 
Previous  research  experience  suggests  that  the fol  lowi ny are  reasonable 
procedures. 

(A) Arrange  the  contents of the  sections so that  each  individual  answers 
a  subset of  the total target  situations  of  interest  in  each  section, 
thereby  reducing  the overall  data  requirei~ents m t  still obtaining 
sufficient  information on each  secticn frorn a22 individuals. 

(E) Eivide  individuals  into  three  groups and assisn  them  on an  equal 
probability  basis  to the  following  sections: 
- sections (l), (4); 
- sections (2), (4); 

- sections (31, (4). __ 
- ______ 
(1) As alluded to in Chapter 4, the use of fractional  factorial designs 

result in a loss of information  required to estimate sore of the 
interaction  effects. 
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(C) Divide  individuals  into two groups  and  assign  them  on  an equal 
probability  basis  to the  following  sections: 
- sections (1) , (3) , (4); 
- sections ( Z ) ,  (3), (4). 

The  logic  underlying  the  above  procedures  is  that  section (4) (socio- 
demographic  data) is required for market  segmentation  while  section (3) 
provides  the  most  information and permits  estimation  of  marginal,  joint and 
conditional  effects  of the various  combinations  of  destinations and ticket 
conditions.  However, i n  view of  the  possible  complexity of section (3), it  is 
advisable  to  augment it with  either  section 
procedures (B and C )  greatly reduce  the  requ 
individual;  of  procedures B and C, C is more 
Thus,  procedure B should  be  employed only if 
because it supplies  the least  information. 

(1) or  section (2). The  two 
irelnents irllposed on any one 
desirable if A is not feasible. 
all else  proves  infeasible 

POTENTIAL  STUDY  DESIGNS 

Three potential study designs  appear  feasible  at  this point in  time. 

Design I: Hold destination  constant and  vary ticket  conditions 

The  design  logic  for  this plan is  exhibited in Table 5.1 containing  the  codes 
for  the 1 eve1 S (values)  of  each  of the attributes.  The 1 evels are  arbitrarily 
assigned  code  values 0 and 1 to identify the111 in a  sampling  plan  drawn  from  a 
ful 1 factorial design. The full factorial  consists of 27 or 128 total 
combinations.  One  quarter of  the total or 32 combinations  have  been  selected 
which  have  the  following  properties: 

. every  column is orthoyonal to every  other column; 

. every main  effect is independent of second order  (or  two-way)  interaction 
terms, 

. there  are 15 interactions of linear X linear  terms  (out  of a  possible 21) 
which can be estimated in addition to all main effects. 
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. it  is assumed that all other  interactions  are  zero  or small relative  to 
these  interactions and the  latter  interactions  are  larger  than  the 
measurelnent errors  introduced in the assignment plan. 

In order to examine as wide as possible a range  of  the  independent  variables 
and to gain as much  advantage as possijle froru the properties  of the  desiyn 
in Table 5.1, the procedure  is as follows. 

. Arbitrarily  divide  the  range of  ezch  experimental  variable  into 'high' 
and  'low'.  In most  instances  these  are  fairly  obvious  divisions. 
However,  some  variables  such  as  'departure  certainty' have no such 
division and must be retained as dummy  variables. 

. Sample  from the  'highs' and 'lows' i n  a randorn  lnanner so that a  range 
of  values on each  variable is present  under  'high' and a  second  ranye 
under 'low'. Create several different  questionnaire  sets  with  different 
random  sanplings,  if  possible,  to  finely  sample  the  ranses  of  interest. 

. Create  at  least  one  condition, if possible,  in  which only  two levels 
at the  extremes  are  employed  to  permit  a good test  for interactions. 

The  design plan presented in Table 5.1 has the properties  outlined  above and 
can be  used to  estimate non-l inear  main  effects as  well. The minirnum number 
of  degrees  of freedom  required  to  estimate  the  effects  of all the  linear and 
quadratic  terms in this  design is 14, so the 32 treatment cornbinations should 
be rnore than  adequate to estimate  these p1 us the 15 remaining 1 inear X 1 inear 
interaction terms. It is doubtful  that  quadratic  interaction  effects  could  be 
detected  or estirilated with  this  design plaE. Hence,  this  represents a  fairly 
powerful approach  to  depicting  statistically  most of  the major  effects. 

Design 11: Hold  ticket  types  constant,  vary  destination  availability 

The  design  logic  for  this  aspect  of  the  study is given in Table 5.2. The 
basic  intent  is to assess  substitutability in the  choice  of  alternative 
destinations in order  to  assist in interpreting  the final results. 
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TABLE 5.1 - VARIATION I N  TICKET  CONDITIONS,  HOLDING  DESTINATION  CONSTANT 

Ticket Discount Cancellation How rllany No of Min  no  of Can  you Is a t.our 
Package off Full penalty (Z of days  ahead stopovers days  you select the package 
Number Econouly your fare  you you must per~~~itted must stay exact  day available 

Fare lose if you  purchase en route at your  you  depart and  if so 
cancel) the ticket  destination  or  the 

exact  week?  it  in $ per 
how much is 

person per 
day(a) 

1 
7 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

0 
0 
0 
0 
U 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
C 
0 

0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 

0 
0 
0 
0 
0 
0 
0 
1 

0 
0 
O 
0 
1 :  
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1. 
1 
1 
1 
0 

0 
0 
1 
1 
U 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
C 
1 
I 
U 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
U 
1 
0 

1 
0 
1 
I) 

0 
1 
1 
0 
1 
C 
0 
1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
0 
0 
1 
0 
1 
1 
0 
0 

U 
11 
1H 
0 
1 H 
0 
0 
11 
0 
IH 
11 
0 
11 
0 
0 
1 H 
0 
1H 
11 
0 
11 
0 
U 
111 
0 
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TABLE 5.1 - VARIATIUli IN TICKET CONDlTIUflS, HOLDING  DESTINATION COilSTANT (Ccnt'd) 
26 1 1 U 0 1 1 !L 
27  1 1 0 1 U 1 111 
28 1 1 0 1 1 U 0 

29 1 1  1 U n 1 111 
30 1 1 l 0 1 U 0 
31 1 1  1 1 U U 0 
32 1 1 1 1 1 1 11 

available, H and L  refer  to  costs. 
(a) The l 1  and L values  refer to 'High and  'Low'  and  are  rvsted  upder code 1 = 'Yes', a tour  package is 

NOTES: 0 = Low values (or levels) or one uf 2 levels. 
1 = High  values  (or  levels)  or one of  2  levels. 

Levels  of  each  variable  are  arbitrarily  divided  into  'hiqh' and 'low' and are randonly  assigned to the 
32 rows  depending  upon the code  sequence in  each  particular  col1.m.  For  example,  discount  may be above 
50% (High) or below 50% (Low); levels for '0' are selected at random fran  values  below 50::; levels  for 
1' are  likewise  selected  for  values  above 50:,. 

Levels  suggested  for use 
Discount  off full  econoiny fare: 

'0' = 20-49%, '1' = 5i-80%. 
Cancellation  penalty: 

'0' 0-25%; '1' = 26-50:. 
Advance  purchase  requirement: 

'0' = 0, 7, 14, 21, 28, 35 or 42 days;  '1' = 45, 50, 75, 90, 120, 150 or  l8U  dzyz. 
Stokovers: 

'U' = none; '1' = some. 
Minimm stay: 

'0' = none, 3, 5, 7 or 10 days; '1' = 14,  18, 21, 28 or 30 days. 
Departure  certainty: 

'0' = you  decide the exact  day; '1' = you  decide  the week. 
Tour  package: 

'0' = none; '1L' = $20-$50/personiday; '1H' = $51-$100/pcrson/day. 
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TABLE 5.2 - VARIATION IN DESTINATION AVAILABILITY HOLDING  TICKET  RFSTRICTIONS  CONSTANT 
1 would 
choose not 
to travel Choice  New  The 

set no Zealand Fiji Singapore  Japan Netherlands Thai1 and Ut: Germany Italy US Canada  Hang Kong overseas 
"____ 

1 0 0 0 0 0 0 0 0 0 0 0 0 
2 U 0 0 1 0 1 1 0 0 1 1 1 
3 0 0 1 0 1 1 1 0 1 0 1 0 
4 0 0 1 1 1 0 0 0 1  1 0 1 
5 0 1 0 0 0 1 0 1 1 1 1 0 

0 1 1  1 0 0 1 
7 0 1 1 0 1 0 1 1 0 1 0 0 
8 0 1 1 1 1 1 0 1 0 0 1 1 
9 1 0 0 0 1  1 1 1 1 1 0 1 

1 0  1 0 0 1 1 0 0 1 1 0 1 ' 0  
11 1 0 1 0 0 0 0 1 0 1  1 1 
12 1 0 1  1 0 1 I 1 0 0 0 0 
13 1 1 0 0 l 0 1 0 0 0 1  1 
14 1 1 0 1  1 1 0 0 0 1 0 0 

15 1 1 1 0 0 1 0 0 1 0 0 1 

16 1  1 1 1 0 0 1 0 1 1 1 0 

- _ _ _ _ _ ~ _ _ _ . ~ _ _ "  

I Q G  0 1 0 1 U 
m 

NbiES: 0 means 'Low' % discount ('Low' = 20% or 3oX). 
1 indicates 'High' % discount ('High' = 50% or 60%) 



Respondents  are  requested  to  indicate  which  destinations  they  would  select 
given  various  levels  of  discounts  from  economy class  fares and assulilitlg that 
restrictions  on  these  discounted  fares  were  'acceptable'.  Thus,  the only 
condition  being  imposed  is  a personal budget  constraint. 

Design 111: Simultaneous  variation i n  both  tickets and destinations 

The  layout  given in Table 5.3 represents  one possible  ticket  typeldestination 
choice design. Such  a  design perniits an  analysis  of  the  joint  ticket  type 
and destination  choice by individuals. This is achieved by varying ttie 
availability of certain  ticket  types  to  different  destinations  between 
different  choice sets. 

It  is of interest to estinate  how  many  trips  would be Iilade i n  the  next,  say, X 
years  to each  destination  given  a  particdlar  situation,  or  to  estimate  the 
likelihood  of any person  making  a  single choice. The layout i n  Table 5.3 
permits the  estimation of changes in travel  plans  as a fl;nction of 
alternatives  available to  the traveller. Thus, it should  be  possible to 
predict the travel  choices of an individual or  the  sample given any  set of 
alternatives. An alternative  is  defined as a  particular set of  destinations 
and associated  fare packages  which  are  available for travel. It is proposed 
that  first  class  and  economy  class  fares will always  be  available  to all 
destinations and the aim  is to  estimate  substitutions among destinations  and 
ticket  types away from  these  always  available two  alternatives. 

MODELLING CONSIOERATIONS 

The  most general  model specification for  the data may be witten as follws: 

Pqdt = Mean Effect + Marginal Effects  of  Destinations + 
Marginal Effects of Ticket  Types + 
Marginal Effects  of  Conditions  within  Tickets + 
Marginal Effects of Socio-de~i~ographic  Characteristics  (Covariates) + 
Joint  Effects of  Destinations and Tickets + 
Joint  Effects of Destinations and  Conditions idithin Tickets + 
Joint  Effects  of  Covariates and Destinations + 
Joint  Effects  of  Covariates and Tickets + 
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TABLE 5.3 - CHOICE  SETS FOR EXAMPLE  OESTINATION/TICKET  CHOICES 

clloose not 
I would 

Choice 
Set No. D1 02 D3 

Destinations  for Leisure!Discretionary Travel  to  tvsvel 
n4 D5 07 D8 D9 D10 overseas , 

"" _ _ ~ . _ _ _  ___~___- 
l E,F 1,3,4,5,9  2,3,4,8  1,2,3,7,9  1.2,6.8,9  1,5,7,8 4,6,7,9 . 3,5,6,0,9  2,4,5,7,8,9  1,3,4,6,7,8 

E,F E,F  E,F E.F E,F E,F E,F E,F C,F 

2 1,2,4,5,6 E,r 1,3,4,5,9  2,3,4,8 1,2,3,7,9  1,2,6,8,9  1,5,7,R  4,6,7,9 3,5,6,0,9  2,4,5,7,8,9 
E,F E,F [,F E,F E,F [,F  [,F E,r E,F 

E,F E,F E,F  E,F E,F E,F E,F [,F C,F 

E,F E,F E,F E,F E,F  E,F E,F [,F E,F 

E,F E,F E,F E,F E,F E,F E,F E,F  E,F 

E,F  E,F E,F E,F  €,F E.F [.F E,F E F  

E,F  E,F E,F  E,F E,F E,F  E,F  E,F E,F 

3  2,3,5,6,7  1,2,4,5,6 E,F 1,3,4,5,9  2,3,4,0  1,2,3,7,9  1,2,6,8,9  1,5,7,8  4,6,7,9  3,5,6,8,9 

4  1,3,4,6,7,8 2,3,5,6,7 1,2,4,5,6 E,F 1,3,4,5,9 2,3,4,8 1,2,3,7,9 1,2,6,8,3  1,5,7,8 4,6,7,9 

5  2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,2,4,5,6, E,F 1,3,4,5,9  2,3,4,8  1,2,3,7,3  1,2,6,8,9  1,5,7,8 

6 3,5,6,8,3  2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,2,4.5,6 E,F , 1,3,4,5,9  2,3,4,8 1,2,3,7,9  1,2,6,8,9 

W 7  4,6,7,9 3,5,6,8,9  2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,2,4,5,6 E,F 
0 

1,3,4,5,9  2,3,4,8 1,2,3,7,9 

8 1,5,7,8.  4,6,7,9  3,5,6,8,9  2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,2,4,5,6 E,F 
E,F E,F E,F E,F k,F E,F E,F E,F E,F 

1,3,4,5,9 2,3,4,8 

9 1,2,6,8,9 1,5,7,C 
E,F  E,F [,F E,F E,F E,F  E,F  E,F 

4,6,7,9  3,5,6,8,9  2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,7.,4,5,6 E,F 1,3,4,5,9 
E,F 

10  1,2,3,7,9  1,2,6,8,9  1,5,7,8  4,6,7,9 3,5,6,8,9 2,4,5,7,8,9  1,3,4,6,7,8  2,3,5,6,7  1,2,4,5,6 E,F 
E,F E,F E,F E,F E,F E,F E,F  E,F  E,F 

1; 2,3,4,8 1,2,3,7,9  1,2,6,8,?  1,5,7,8 4,6,7,9 3,5,6,8,9  2,4,5,7,8,9  1,3,4,5,7,8  2,3,5,6,7  1,2,4,5,6 
E,F E,F  E,F E,F  E,F C,F C,F  E,F E,F E,F 

12  1,3,4,5,9  2,3,4,8 1,2,3,7,9  1,2,6,8,9  1,5,7,8 4,6,7,9 3,5,6,8,9  2,4,5,7,8,Y  1,3,4,6,7,8  2,3,5,6,7 
E,F  E,F E,F  E,F [,F E,r  E,r E,F E,F E,F 

Explanation  of  Table 

(b) Numbers 1-9 refer  to  nine (9) tickets  of interest  listed below. E and F respectively  refer  to  Econosy  and  First  Class  tickets. 
(a) D1410 are  ten (10) travel  destinations of interest (eg, Fiji,  New  Zealand, ...., France). 

to D2 ,...., and tickets 1,3,4,6,7,8,E a n d F  to D10, as well as the 'not travel'  option. 
(c) A choice set is represented by a  row  of  the  table,  eg, Row one  (Choice Set 1) consists  of only E and F tickets  to Dl, tickets 1,3,4,5,9,C and F 

(d) An individual's  task is to  choose  one and on1 one  destination/ticket colnbindtion fro111 each  row, eg, in  Row  one  there  are 65 such coclbinations. 
Only  one f r m  the 65 can be picked by each individ:al. Each  individual  makes 12 choices - onerail each row. 



r. 
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Joint  Effects  of  Covariates and Conditions  Within  Tickets -t 
Joint Effects of Covariates,  Destinations and Tickets + 
Joint  Effects  of  Covariates,  Destinations and Conditions 

Within  Tickets -t 
Joint  Effects of Covariates. 

where Pqdt is the probability of an individual q choosing  a  particular 
destination d, and ticket  type t. 

Because  the  dependent  variable is discrete in a1 1 of the  above study designs 
the  data  are  amenable  to  analysis by means  of  available  multinomial  logit 
(MNL)  procedures  which  provide  discrete  analogs  to general  ised 
regression/analysis  of  variance  procedures  (covariance analysis). A novel 
use  of  a  covariance  type of analysis is also  proposed to  make  use  of  the  data 
on  personal traveller background and current  characteristics  (age,  income, 
occupation,  previous  destination choice( S), etc). The  traveller 
characteristics  data  can be  used to  determine  market  segments in a  very 
general Imanner and  these  characteristics  can  be  inserted i n  the model as 
explanatory  variables.  This  is  a  preferable  procedure  to  the usual practice 
of running ad hoc tests  on  various  'groupings' or segment  configurations. 

ASSESSING  VALIDITY 

As lrlentioned previously,  a  major  weakness  of  the Functional  Measurement 
approach is that  one  does not  observe actual  behaviour. The  direct link 
between  choices in an experimental  environment  and in a real life  situation 
i S not known a priori. 

In order  to  test  the  validity of the  estimated  models, it is  proposed  that 
data be collected in the  traveller  characteristics  section  of  the  survey  which 
will provide  information on past  travel experience,  say  over  the  last  five 
years.  Such  information  may be  used to  effect  comparisons  with  simulated 
choice behaviour. 
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CMAPT.ER 6 - CONCLUDING  REMARKS 
In 1978 ,the Bureau of Transport iconori!ics released  Occasional Paper 11 on 
'Factors  Affecting  Demand for internztional Travel  to  and fra;? Australia'. 
This study  was the first  attempt by the  Bcreau to make  use  of  attitudinal  data 
on air travel choices  for  policy  analysis.  Since  then  the ETE has attempted 
to  develop a more  systematic framework for  the developolent  and analysis  of 
such studies. This paper outlines  such  a fra:nework  and draws  heavily frotn 
the  consultants  report  submitted to  the BTE by Dr J.J. Louviere and 
Dr D.A. Hensher. 

This paper  provides  a  framework for an empirical travel choice [nodel which is 
sensitive  to  relevant policy  options.  The aim was to outline  a rnethod which 
is  capable of  identifying  international  sir  fare  structures ts various 
destinations  that accord with present and likely  future  choices of 
individuals. The  Functional 3easurernent approach  adopted  develops 
experimentally  designed  choice  situations  with  desirable  stztistical 
properties  which  assist i n  evaluating  the induced  responses  of  individuals. 
Such experimentally  induced  responses  allow  one  to  develop  estinates  of  actual 
and  potential  choices i n  response  to a  range of optiofis which  includes  those 
currently  available but extends  to  options which may become  available i n  the 
future.  Chapter 4 outlines  a  technique  for  constructing  questionnaires based 
on choice  contexts in general,  whereas  Chapter 5 specifically  deals with  an 
application  of  this  approach to an  International  Air Travel  Demand  Study. 

The  emphasis in this paper  has  been  on the  development  of a suitable 
conceptual and operational  fraaework  within  which  a travel choice r;lodel could 
be estimated. No attempt has been  made to present the method of analysis 
for  the model estimation. 

The  Bureau  is  at  present  conducting an ernpi rical study i n  the  area of 
international  air  travel based on  the  survey  designs presented ir: this paper. 
The  Bureau p1 ans to  report  the rnethod of  acalysis  and  results  of  this  study 
in a  separate  future publication. 
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APPENDIX  1 - IDENTIFICATION OF THE FUNCTIONAL FORM OF THE JOINT  VALUE EQUATION 

This  appendix  is  concerned 
value  equation (3.3) viz 

with the  specification and estimation of the  joint 

where a1 1 terrns are as previously defined i n  the text. 

This  equation  provides  information on the value  individuals  assign  to  various 
alternatives. If function (Al.l) can be specified and estirilated then  the 
estimated  values  of Vj’ S can  be used to predict order  of  choice  (assuming 
that  individuals will choose  the  alternative  which has the  highest 
value/worth). 

The lnost Generally  accepted  specification of  the  joint  value  function (Al.l) 
are  subsets  of  the general  multi1 inear form given  below  for  the  case of 3 
attributes: 

where V> and V(xij) are  as previously  defined i n  the  text, 
kl to k3  are  the main  effects  of  the  attributes 1, 2 and 3 respectively 

and k4 to k7  are  the  effects  of  the  interaction  of  the  attributes 1, 2 and 3. 

Two important  subsets of  the general 1 inear forni  (A1.2) are particularly 
considered here. 

First,  the  additive  form (A1.3 
zero.  That  is 

!/S = kO + klv(x1j) + k2v 

) implies  that all the  interaction  effects  are 

(x2j) + k3v(x3J). 

Second,  the  multiplicative form  is  given  as 

Vs kg -t k7~(~lj)~(~2j)~(~3j). 
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In order  to  identify  which  of  these two forrns or any other shset of ec,uation 
(A1.2) is the  appropriate  specification, it is necessary to estimate  the 
parameters kl to k7  and  test fer  their statistical  significance. This 
can be achieved by employing  a  linear  estination  technique  such as analysis 
of variance or ordinary 1 east  squares  regression Inethod. This  involves  the 
introduction of an  error  tenn into  the  equation (A1.2). 

However,  prior to estimating eql;ation (A1.2), it is necessary to observe  or 
measure  the  dependent  variable Vj and the expl anatory  variables v(xi j) S. 
This is achieved  through the  use of  (fractional)  factorial  designs  which are 
discussed i n  Chapter 4 of this paper. Such  designs allow dat? to be collected 
on the values/worths  that  individuals  assign  to  Combinations of various levels 
of each of  the attributes  under  consideration.  Individuals  are  asked  to rank: 
these  combinations on S o w  numerical scale (say for  example U to 100). The 
rank given  to each  combination  which  defines  a  particular  alternative becol;les 
a proxy for  the value!worth, V, of  that alternative.  Furthermore, the 
marginal  values V(Xij)S can  be approxi1;;ated by the 1:larginal  :ileans(l)  of 
the (fractional)  factorial  designs.  This is  proved beloii. 

For  ease of exposition  consider  the general lwltilinear  joint value  equation 
for  the  case  of  two attributes(2): 

where 
Via represents  the  value  or rank  assigned by an  individual to  the 

particular  alternative  where  attribute 1 is at 1 eve1 i and 
attribute 2 is rreasured at  level II 

V(Xli),  v(x2a) are  the marginal values of attributes 1 and 2 measured 
at 1 evels i and II respectively, 

and c ia is an  error  term for a particular  alternative. 

(1) The margi nal mean  is  the  average  of the assiyned  ranks  where  one  specific 

(2) The  subscript j representing  the  Clternative  under  consideration has 
attribute  is held constant. 

been  replaced for  ease  of  exposition by the  levels i and II of  the 
attributes 1 and 2. 
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Averaging  over  the  subscript a yields  the  following 

Vi.= kO + klv(x1i) + k2 

a 
(A1.6) 

where v(xmn) are as described  above, 
Vi. is the  average  or marginal mean  of  the  joint value function  over 

all levels of attribute 2, 
L represents  the total number  of  levels of attribute 2. 

Equat 

where 

ion (A1 .G) can be expressed as 

(A1.7) 

the  collected terms  and E i , is the 

average  error  over  the L levels of attribute 2. 

Similarly, 

V .a= KZ + K~v(x&,) + E .a (Al.8) 

where  the terms KZ, K3  are  analogous  to KO and K1, 
V,a is the marginal mean  for level 11 of attribute 2 averaged  over 

all levels of attribute  1 and similarly 
E .a is the  average  error tenn. 

This  demonstrates  that  the marginal means Vi. and V.a are  approximately 
equal to  the marginal  values V(X1i) and v(x2a) u p  to  a  linear  transformation. 
An important  underlying  assumption  of  this  conclusion is however,  that  the 
data was generated by the general multilinear  joint value equation  or any 
subset  of  that form. 
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Thus  the  ranks  assigned by individuals and the marginal means  can  be elnployed 
as proxies  for the  joint value and rnarginal values in the general multilinear 
value  function (A1.2). Furtheri:lore, the marginal lneans must  Se  transformed 
to orthogonal  fonn  to  take  into  account the  dependencies between the 
explanatory  variables as explained  in  Append;x 2. 

To sum up,  available general 1 inear  model1 ing procedures  such as ordinary 
least  squares  or  analysis of variance  can  be used to  estimate  the parameters 
of  the  joint  value equation.  Statistical  tests  which  indicate  whether the 
parameters  are  significantly  different fron! zero,  can  then be applied. In 
this  way,  the functional fonn  of  the  joint value  equation ;;lay be identified 
and  information  can be obtained  on  the  way  attribute values  contribute  to 
the  joint value function. 

Alternatively,  a  more  simplistic  graphical a;lproach  may Se undertaken  to gain 
insight  into  the functional fonn of the joint value  function.  This  approach 
involves  an  examination cf a  graphical  representation  of  the  interactions 
between  attributes. As an example of this  approach assurne that  individuals 
combine  the  attribute values linearly,  (ie,  the  linear nodel (A1.3) is  the 
correct  specification  of  the  joint  value equation). 

When  the  assigned  value  or rank Vi% is  plotted  against the  levels of either 
of the  attributes 1 or 2 the  resultant plot should be a  series of para1 1 e1 
1 ines. 

This  can be proved as follows:  asswning the  addjtive  form  is  correct, 
consider  the  effect of  subtracting  the value  judgments  ascribed by individuals 
to level 1 of  attribute 1 with a  specific level of  attribute 2, frorn the value 
judgments  for 1 eve1 2 of attribute 1 with the  same level of  attribute 2. 
Thi S yi e1 ds 

V ~ L  - Vlk = (kO + klV(Xl2) + kZv(x2a) + C Z ~ )  - 

(Ai1.9) 
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$500 $1000 Fi 

FigureAl.1 : Additive joint value  function 
Note 
Fi = ith level  of  fare 
RC= eth level  of  ticket  restrictions 

Figure  A1.2 : Multiplicative joint value  function 

38 



Equation (A1.9) indicates  that  the  difference between the  joint valuies  \.:hen 
attribute 2 takes on any  value is always the same  (that  is, kl(v(xl2) - v(x1l)) 
ie, a  constant,  except  for  randomness.  Hence,  a  graph  should  yield  a  series 
of parallel  lines. 

As a  simple  illustration (in reference to international air travel), consider 
the  joint values  assigned to  Combinations of fare  levels and  levels  of  ticket 
restrictions. If the additive  specification is correct  (ie, all interaction 
effects  are  not  significant),  then, as  is demonstrated in Figure Al.1, the 
difference between  levels of  ticket  restrictions  (ie, RI, R2 and R3 
where R3 is the  least restricted)  is  constant over all levels  of fare. 

Figure Al.l illustrates  the  concept  of  'independence' i n  that  the  response 
to  one  (or more)  attribute( s) in  combination  with  one  (or inore) other 
attribute( s) is entirely  independent  of  the 1 evels  of  such  attributes. 

In contrast, if the  multiplicative  specification  is  appropriate 
( Via = kg + k3v(xli)v(x2&)), then  a  graphical plot  would indicate  a 
convergence  of  the  levels  of  the  ticket  restriction  attribute  over  the levels 
of  the  fare attribute. In Figure A1.2 the  difference between  each Ra curve 
is inversely  proportional to  the  levels  of fare. That  is,  as  fare  increases, 
the  distance  between  the  curves decreases. There is an intuitive  way  of 
explaining  this  preference  structure.  If  the  fare  is  very  expensive  (very 
low preference), the  levels  of  restrictions  make  little, if any,  difference, 
however, as levels  of  fare  decrease,  differences in restrictions  begin to 

1 matter. 

So, to reiterate,  Figure Al.l would  indicate  that  the level of  fare has  no 
bearing  on the  change i n  the  joint value (VFi, h) when  restrictions  are 
eased,  that is, the  change is constant. Gn the  other hand,  Figure Al.? would 
indicate  that  as  the level of  fare  increases,  the  change in the  joint valbe 
associated with the easing of  restrictions  diminishes. 

The  convergence  as indicated  in Figure Al.2, when  the Irlultiplicative Itlode1 
is assumed to be correct  can be mathematically  demonstrated as follows: 
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V2a - V U  = (kO + k3~(~12)~(~?& ) + €28) - 
(kg + k3v(xIl)v(xZa) + .la) 

= k3v(x2a)  v(xl2) - V(xl1) + (C2a- E l k )  c 1 (Al. 10) 

Equation (A1.lO) indicates  that  the  difference between the value judgments 
at levels 2 and 1 of  attribute 1 over any 1 evel of  attribute 2 are 
proportional  to the marginal value  of the 1 evel of  attribute 2. As the 
rllaryi  nal value  of attribute  2  decreases,  the  distance between the  joint values 
decreases. This  corresponds to the  illustration in Figure A1.2. 
(Intuitively,  as  fare  increases  the marginal value  of  fare would decrease.) 

The  two  approaches  discussed  above  provide  methods  of ident 
value  equation (A1.1). They  both  rely  on the  following two 
assumptions. 

ifying the  joint 
important 

First,  the  joint value equation  can  be  specified as some  subset  of  the general 
multilinear model expressed for 3 attributes in equation (A1.2). 

Second,  the marginal means  of  a factorial design  can be used as proxies  for 
the marginal values of the attributes. This is based  upon the proof  given 
above  which  implies  that  the marginal values  are  a  linear  transformation  of 
the marginal means  (equation (A1.7)). This is true for both the  additive and 
rnultipl icative models. 

To reiterate,  the  data required for  this procedure  must be collected  on  the 
values individuals  assign  to various combinations  of  attributes  (ie, 
alternatives) by asking  respondents to rank each  alternative  on some  numerical 
scale. These lead to  the  identification  of  the  joint value function  which 
can  then be  used to  provide information  on  the  relative  importance  of each 
attribute and the way they  combine to the  joint value of each alternative, 
ie,  additivity  or in a  multiplicative way. 
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The  purpose of 'estimation  orthogonal  ity' is  to permit infere::ces i o  be iaIade 
reyardiny  higher  order  terns  in an expanded polynonial eqL2r.iol.l as +/e11 as 
to make  inferences  regarding  the  significance  of  cross-product :iIlt?raction) 
terms. That is, it  is  not generally  possible to test xl, X?, .x12, x22, .xi.x2, 
x12 .x2, ~ 1 . ~ 2 2 ,  x12  .x22,  each  as xntransforrrled separate terc-s i n  a [:lode1 which 
includes all of  these  effects  because  of  the  collinearity >roLlew whici: 
result. Although it  is frequently  alleged  that  collinearity is 2 'sariple 
size' probleln, this is  at best  xisleading.  Eather, collinearity should 
properly  be viewed  as a problern confounding of effects,  such  that  one  cannot 
really say whether  one is estiriiatiny the  separate  effect of xl or some other 
term  that ;night be  highly  correlated with XI. Fence,  for various  reasons, 
not the least of which is interpretability,  collinearity should  be reduced 
to as rninimal a level  as  possible. The inethod of orthogonal $olynor;lials 
accomplishes  this in a  straightforward idanner, but  at the  sacrifice of 
'direct'  interpretation i n  the oriyizal  units of neasure:,:c-nt.  iiowever, as 
we shall note, it  is always  possible to retwn to  the original units and to 
interpret Sorile of  the  effects  directly, as ?le1 1. 

In the  situation in which one  were  to have  a  balanced  factorial  sanpliny plan 
for  obtaining  observations, the method  of  orthogonal polynoilli als  guarantees 
that  possible  testable  effects will be orthoyonal to one  znother and 
therefore  their  effects wi 1 1  be  independent and anenable  to  tests  of 
significance. The prcblm arises,  therefore, in non-balanced  data  collection 
schemes such  as the usual revealed  behaviour  data  obtained in detailed 
travel or trip  surveys.  That  is, it is Gsually the  case  that travel times 
and costs  are  correlated in  real data 2nd there  is not  a 521 anced sampl ing 
of high costs and  high times, high costs  and lcv! tines, lob! costs and  higi: 
times, and  low costs and  low times,  with equzl numbers  of  observations i n  
each of these  combinations. It would  be desirable  to be able  tc  estimate 
a  non-linear  marginal  effect  for both tire ar.d cost, inde2endently of  the 
linear  effect  of  time  and  cost,  as well as any interactions  between  the two 
factors,  as  they  nay  affect  the  dependent variable. While it cannot reinove 
the col 1 inearity  between  the 1 inear  components of tir7.e and cost,  the method 
of orthoyonal  polynomials  can reiilove - all correlation  between tiice arla ti;,ie 
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squared and between  cost  and  cost  squared and reduce  the  correlations  between 
the various  cross-products and those  other  effects, as  well.  In particular, 
the method of orthogonal  polynomials  has  the  property  that it provides  an 
exact test for the  hiyhest-order effect.' Thus, if  a  squared  term  is 
appropriate i n  the  model,  this :nethod will find  it with  a high degree  of 
confidence. 

The particular  approach  that is adopted is patterned  after  an  article by 
Robson (1959). As Robson  demonstrates,  a  least-squares  regression  equation 
of  the form: 

Y = b* t b*x + b*x? +.. . .+b*xr t = l ,  ..., n > r (A2.l) 
t 0 I t  2 t  r t  

where 
Y is  the  function  of a  single X, 
t is the  observation  number, 
r  is  the  degree  of polynomial , and 
n is the  number of  observations 

rnay be  expressed in the  followiny  fonn: 

Yt = bOfo(xt) + blfl(xt) + .... +brfr(xt), t = 1 ,... ,n > r (A2.2) 

where fi (xt)  is  a polynomial of  degree i in  xt  and where f0 , fl.. . .fr 
are normal orthogonal  functions,  ie, where 

n c 0 if i # i '  

t = l  1 if i = i '  
C fi(xt)fi'(xt) = (A2.3) 

The  construction of the  functions fi (xt) is accomplished by application 
of  the  following  formulae  (for  the 1 inear and quadratic  terms) : 

Linear  Term fL(Xt) = (xt- 3 (U2.4) 

L 
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t 

Note  that  these formul ae  nay  also  be app1  ied to dur;rlny variates,  yielding a 
transformed  dummy  variate  that has the values of - + the mean.  Khen - a1 1 
variates  are  transformed to orthogonal form  in  this  manner by centeri ng about 
their  means,  the  intercept  estimates  the  zero  order effect  or  the lliean of 
Y. Approximately  orthoyonal  estimators ;!lay be obtained by squaring the linear 
terms and centering  about  their mean. Indeed, if the values  are  evenly 
spaced,  this  nethod is exact. In a  similar way, approximately  orthogonal 
higher-order  estimators may  be formed by finding the  appropriate products 
of 1 inear and squared  terms  and  centering  about  their mean. 

As mentioned  earlier, the Robson  method  assures  that the quadratic  terms are 
exact,  but  the  linear  terns [must  be adjusted to tak.e account  of  equation 
(A2.5). This  can be easily  seen in the  approximation  suygested  above in which 
the 1 inear terrn is  squared and centered,  subtractins  the  mean of the 
quadratically  transfonned  observations  from each observation  one  obtains: 

L J 

There is clearly  an  unbiased  xt2 term,  but 
is involved i n  the  quadratic term. This  a 
a 'real ' test  on  the highest  order terms, 
reconstructed. 

(A2.6) 

xt a1 so contains -2i(xt) which 
lgebra  clearly  shows that one gets 
but the  lower  order  terms must  be 

For  example, in Table 4.2, one can use the wthod of orthoyonal  polynomials 
to  create all the  terms  of  interest by rep1 aci ny the  codes in  Tab1 e 4.2 in 
the  text  with  the  following: 

a) For  a  linear  effect,  wherever the  value '1' appears,  replace it with 
'-1'; replace '2' with '0'; replace '3' with 'l', 
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b) For  a  quadratic  effect,  wherever  the value '1'  appears,  create  a value 
of  a new vector equal to  'l';  for  the level '2' , create  a value of'-2'; 
for  the level '3', create  a 'l'(1). 

These new codes are  given in Table A2.1. In Table A2.1, L  stands  for  a  linear 
effect, Q for  a  quadratic effect. Note  that i n  each  column  the sum of the 
elements  of  the vector equals zero. The  correlation between  each pair of 
vectors is  zero. The  cross-product, A(L)  .B(L) is  formed simply by multiplying 
each  pair of  elements  within  a row  (observation); thus,  the  first  observation 
under A(L) is -1, and under B(L) is -1; their  cross-product is A(L) X B(L), 
or (-1) X (-1) = +l. All cross-products are formed in the  same way. 

Table A2.2 shows  that  there  are six independent  main  effects  which  can  be 
estimated;  similarly, by expansion,  one could  find  20 interaction terms. 
Now consider  the  effect of taking  a 1/3 fraction  or 9 combinations  from  the 
total 27; an example  of  a 1/3 fraction is given in Table A2.2. 

A1 1 of  the  terms shown i n  Table A2.2 are  independent  of each other;  however, 
they  are not independent  of  other  terms not shown. For  example, AC = AB2C 
and AB = ABC2. Thus,  one  could  estimate an effect  or  coefficient  for HC 
or AB, but one would not  be able to ascribe  the  coefficient to either effect. 
Note  that in traditional market demand data  there will rarely be  observations 
over all possible combinations, nor will there be balance in the  number  of 
observations  of each level of  each factor. Thus,  traditional  market demand 
data constitutes  a non-orthogonal  (non-  independent)  sampling p1 an with solne 
effects  confounded i n  a manner  which  cannot be determined  prior  to  data 
collection. On the  other hand, factorial sampling plans permit one to know 
apriori what the  confoundment  structure is and what  effects  can be reliably 
estimated.  This is important  because in contrast  to  traditional  analyses 

This result is taken  from  standard orthogonal polynomi a1 tables  available 
in standard texts on experimental design. These values are not 
imedi ately obvious based on the previous a1 gebra. Let US reconstruct 
these values: first  calculate  the mean of  the  levels (1,2,3) = 2; now 
subtract  the mean from  each level = (-l,O, and 1). Now square  these 
new 1 evels = (1 ,O,l) and calculate  the mean of these  squares = 2/3. 
Subtract  this w a n  from  the  square  levels  (1/3,  -2/3, 1/3); divide by 
the co1nmon  denolrlinator = (1,-2,1),  and obtain  the necessary result. 
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of  market  choice  data,  the  exact analytical  structure is known in advance. 
Furthermore,  because all respondents  face  the s m e  sampling  structure, they 
all can  be compared. Thus,  the  differences between  respondents in the 
judgments  can be due  to real differences in characteristics of the respondents 
such as income  or sex. 

TABLE A2.1 - OKTHOGONAL CODiiiG OF THE DESIGN OF TABLE 4.2 

Main  Effects Sorile Exampl e Interactions 
A(L)  A(4) B(L) B(Q) C(L) C(G) A(L)B(L)  E(Q)c(L) A(Q)B('J)C(L) 

-1 +l -1 +l -1 +l +l -1  -1 
-1 +l -1 +l 0 -2 +l 0 0 
-1 +l -1 +l +1 +l +l  +l +l 
-1 +l 3 -2 -1 +l U +2 +2 
-1 +l 0 -2 0 -2 0 0 U 
-1 +l 0 -2 +l +l 0 -2 -2 
-1 +l +l  +l -1 +l -1 -1 -1 

-1 +l +l +l il -2 -1 0 U 
-1 +l +l  +l +l +l -1 +l +l 
0 -2 -1 +l -1 +l 0 -1 -2 
0 -2 -1 +l 0 -2 0 0 U 
0 -2 -1 +l +l +l 0 +l -2 
0 -2 0 -2 -1 +l 0 +2 -4 
0 -2 0 -2 0 -2 'j 0 0 
0 -2 0 -2 +l +l 0 -2 +4 
0 -2 +l +l -1 +l U -1 +? 

"-___-_______ "" _____ 

0 -2 +l +l 0 -2 0 0 0 .  
0 -2 +l +l +l  +l 3 +l -2 

+l +l -1 +l -1 +? -1 -1 -1 
+l +l -1 +l 0 -2 -1 0 i) 

+l +l -1 +l +l  +l -l +l  +l 
+l +l 0 -2 -1 +l 0 +2 +2 
+l +l 0 -2 0 -2 0 0 ii 

+l +l 3 -2 +l +l 0 -2 -2 
+l +l +l +l -1 +l +l -1 -L 

+l  +l +l  +l i2 -2 +l 3 0 
+l +l +l +l +l +l +l  +l  +l 

__-~ _ _ ~  
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TABLE A2.2 - 1/3 FKACTIONAL  FACTORIAL  PLAN,  POLYNOMIALLY CODED 
_ _ _ _ ~ ~  ~~~~ 

Main  Effects Sorrle Two-way  Interactions 
A(L) A(Q) B(L) B(Q) C(L) C(Q)  AB  AB2  A2B  A282  AC  BC  ABC 

~ 

-1 +l -1 +l -1 +l +l -1 -1 +l +l +l -1 
-1 +l 0 -2 +l +l 0 +2 0 -2 -1 0 0 
-1 +l +l +l 0 -2 -1 -1 +l +l 0 0  0 
0 -2 -1 +l +l +l 0 0 +2 -2 0 -1 0 
0 -2 0 -2 0 -2 0 0 0 +4 0 0  0 
0 -2 +l +l -1 +l 0 0 -2 -2 0 -1 0 

+l +l -1 +l 0 -2 -1 +l -1 +l 0 0  0 
+l +l 0 -2 -1 +l O -2 0 -2 -1 0 0 
+l +l +l +l +l +l +l +l  +l +l +l +l +l 
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