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INTRODUCTTON

Increasingly, transport operators are finding that they are required
to operate within a more commercially defined framework. This has
required them to gain a greater understanding of the passenger
beneFits that are likely to ensue fram a given charge in their
operation which can be weighed against the expected costs of
investment, production and marketing. This paper provides a
description of a technique known as tradle-off analysis which has
proved to be particularly useful in this context.

In Ewrope, this type of approach has became known as a Marketing Audit
whereby investment considerations are consumer appraised, the output
typically being presented as a series of monetary passerger benefit
values.

The paper is split into four sectiens. In the first, some background
to the use and development of this approach is provided. This is
followed, in the secord section, by a set of application guidelines
for such work. The kinds of areas for which it has been made use of
are discussed in the third section alongside a detailed practical
example of a major study conducted in Rurope. Finally, there is a
concluding section to the paper in which we identify developments
which are taking place in this type of approach.

BACK@IJND‘IO‘IHE[BE@TRADE—(F?REM

What is meant by the term trade-off research? Using a fairly general
description, it can be said that trade-off research includes any
method which uses statements about consumer preferences for a set of
(transport) options to estimate utility weights, The options are
typically descriptions of a mmber of alternative transport products,
defined by experimental design rules. By its nature, traje-off
research makes significant use of survey techniques for its data
collection.

Trade—off technicques, of one form or another, have been around in
transport research for some twenty-five years. The early forms,
however, were fairly heavily criticised because they were felt to be
rather simplistic. Such objections were arquably reasonable since, at
that time, use of this type of research was confined to variations on
the 'bag of money' approach, ie using questions of the 'what would you
be prepared to pay if «c.ues.s ' type. ¢
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During the 1970s more sophisticated approaches (often referred to as
comjoint analysis) were developed, predaninantly in the United States.
Conjoint analysis typically involves the appraisal of s - set of
alternative options and is a temm which has been applied to "any
decampositional method that estimates the structure of a consumers'
preference (eg part worths, importance weights, ideal points) given
his/her overall evaluation of a set of alternatives that are
pre-specified in terms of levels of different attributes® (Green and
Scrinivasan 1978) .,

The current popularity of such research in transport is illustrated by
the increasing number of applications which have been reported during
the past few years (eg Sheldon ard Steer 1982, Bovy and Bradley 1984,
Arder sen, Moeller and Shelden 1986, Bradley, Kroes and Sheldon 1987).

Trade-off research methods were increasingly introduced into transport
research as limitations associated with more traditional revealed
preference based approaches (ie based on observed behaviour rather
than stated preferences} becane more clearly recognised. Though such
revealed preference models were, and in many contexts still are,
convenient and powerful analytical tools, a muber of issues have been
raised which question their general suitability. These are broad
ranging, concerning not only the difficulty and cost of obtaining the
required input data but also the appropr iateness of revealed
preference research for examining certain variables of interest.

It is this latter issue which provided the predaminant motivation for
developing stated preference based Marketing Audits to help identify
for operators the levels of importance which consumers attach to
. changes in a vast array of travel variables, most of which are not
amenable to examination through revealed preference techniques.,

The major difficulty is that revealed preference techniques require
that explanatory variables can be adequately expressed in temms of
. "objective" units., &s a consequence such models can nomally only be
- used to estimate the importance that People attach to primary travel
o variables (such as journey time and cost), leaving unquantified a
. broad range of secondary travel variables such as station facilities,

staff appearance/behaviour, rollirg stock design, catering facilities,
etc,
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puring the last decade, the use of such research has become
increasingly popular as the advantages and scope of this type of
technique have become more well-known., . In broal terms, such
approaches are seen to be easier to control than revealed preference
methods (because the researcher defines the conditions which are beimg
evaluated by the respondent), they are mote flexible (being able to
deal with a wider variety of variables), they are cheaper to apply
{each respordent providing multiple observations thus reducing data
collection costs) and they can be used to decrive a ramge of statistics
including all those available through revealed preference techniques.

APPLICATION GUIDELINES

Praje-off research has become. increasingly sophisticated during the
past fifteen years but, because it is typically undertaken under
exper imentally controlled conditions, experienced practitioners have
developed a set of rules ard conditions which, if they are followed,
make the application of this type of research a relatively
straight-forward procedure.

In this section, a research recipe is set out which is intended both
to provide a helpful framework for intending users and to remove some
of the mystigque which surrounds certain aspects of the technique.  The
recipe canmponents include:

{a) mcdel specification

(b} experimental design

(¢} stimulus presentation
(d) . response measur ement
{e} model calibration

(f) testing and validation
(g) result presentation.

For many of these aspects a number of options exist. The authors'
choices in such situations have largely been governed by the general
grinciple that in order to obtain useful results the research needs to
be undertaken in as realistic a context as is possible. It is for
thiz reason that the data has typically been collected by way of
in-depth face-to-face interviews usually undertaken by experienced
interviewers. These are structured to ensure:

- that the background to the consumer's original decision making

process is fully understood by the researcher (what situational
constraints existed, for instance, such as travelling with
children, weather conditions, need to be at a meeting for a
specific time, etc....)
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- that the respondent is not educated if he/she currently had some
product misconceptions, or led by "enticing® Stimuli into an
- verly=positive response to charge, and e o

- that camplete product specifications are provided for .appraisal
in recognition of the fact that when faced with a product or
service an individual is likely to perceive it as a whole rather
than as the sum of a number of camponent attr ibutes.,

The recipe components are briefly discussed in turn bel ow:

(a) Model Specification

The model specification process involves'deciding' what type of utility
function best describes the way in which individuals cambine canponent
attribute utilities into an overall evaluation or - prefererce,
Usually, a linear additive canpensatory model is assumed. '

The attributes can be specified in the model as continuous variables
or as discrete variables. In the first case one single utility weight
is associated with each attribute (irrespective of its level) while in

the second case a Separate utility weight is associated with each
attribute level {Qummy variable),

attributes ang interactions can be specified take account of
inter:relationships between the utility of two {or more) attrjbutes,

(b)  Experimental Design

The options (adlternative product descriptions to he appraised by the
fespondents) are created using the rules of experimental design. The
total number of options which could be defined is a fiunction both of
the number of attributes and the number of attribyte
incorporated intg the exercigse but it is recognised that respondents

t should be noted that the adoption of a fractional factorial design
By  limit the estimation possibilities, Typically, certain
Nteraction effects will not be ablé to be estimated.
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If the number of alternatives with a fractional factorial design is
still too large, the exercise can be broken down inte a set of smaller
separate exercises, linked by one caumon factor (see, for example, -
andersen, Moeller and cheldon 1986). The experimental design can be
arranged so that, when necessary, interactions between features are -
specifically built into the exercise as well as the main effects.

{c} Stimulus presentation

In many respects,
the authors' view that to ensure that galid preferences are eXpressed

by consumers the experimental conditions need to be as realistic as
possible. To facilitate this face—to-face interviews are highly
preferable to mail-out surveys and it is felt to be important to
determine dur ing the first stages of an interview a number of details
about the respondent (when possible in situ during the course of

making 2 journey):

- who they are
- why they are making the journey at that time by that mode, ete.

- what situational constraints exist

-« how they planned/booked the journey

— what they know about the service {(times, fares, etc.) and, where
aporopr iate, what they know about alternative means of travel.,

By way of this the interviewer is able to establish the level of
comprehbension a consumer has about features of the service he/she
would need to take into account when alternative options are
presented. The interviewer should also be able to understand how a
respondent 1S likely to react to charges in the service given the
backdrop of their atterdant circumstances. Gaming procedures have
been developed which directly address this issue (see Payne and Steer

1981 and Steer ard Willumsen 1981}.

Attribute descriptions are typically provided verbally but pictorial

aids (photos, drawings, timetables) may be useful to help explain

conceptually Jdifficult attributes. The important issue here is to
ensure that the respordent is fully aware of what he/she is asked to
evaluate, but at the same time he/she should not he "lad" by enticing

gtimuli material.

The options are typically presented to respondents on coloured show
cards which are interactively built up by the interviewers working
with the respondent. AR example of a typical show-card design is
provided in Figure A. This contains examples of variables which are
pre—defined alom with others which would need same direct interviewer

involvement during the course of the interview.

thisz is the critical stage in the process. It is- &

B N AN it I AR =
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(d} Response Measurement

For developing preference models of this type two alternative data
collection mefhods exist: respondents can be asked either to rank the
options or to provide a rating for each. 'The data provided by the
ranking approach would appear to be more reliable as respordents find
it easier to say what is preferred than to express the magnituie” of
this preference, However, some practitioners do prefer to collect
rating data since this provides information not only about the
relative preferences but also about the distance between the options.

{e) Model Calibration

Different statistical techniques are available to estimate the utility
weights attached to the canponent attributes. The choice of which to
use is typically determined both by the measurement scale of the
response variables as well as by the form of model assumed. ANOVA or
regression is typically used for rated data, while MOMANOVA has been
widely used when ranked data have been collected, More recently
exploded LOGIT has been often applied to ranked data. Experience,

however, suggests that the different methods produce very similar
results on ranked data. ] )

{£f) Model Testing and Validation

calibration of the model and camparing the estimated and actual
outcames) and upon external validation (comparing model fredictions
with actual behaviour) usirg, say, before and after swrveys., Clearly
the external validation tests are most severe ard most revealing, but
anfor tunately rarely aver performed. Prior. knowledge and internal
validity tests have more often been applied to stated ‘preference
fesearch and typically produce positive resuits,

(g) Result Presentaticn

The direct result of a stated preference modelling exercise typically
compr ises a set of utility weights, These can be either specific for
each individual respondent (MONANOVA) or means aCTross respordents
(ANOVA, regression, LOGIT) .. A number of measures can be derived from
these weights. By including a fare or cest variable in the exercise
along with an estimate of the cost of making the journey which the
evaluation has been based upon monetary valves can he obtained for
each of the variables under examination. This allows the operator not
only the possibility to {consumer) prioritise changes in a number of
travel variables but also to determine how much passergers would be

Prepared to pay were an additional charge to be levied for a given
change in service. '

253
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From a marksting viewpoint, another advantage of this type of approach
is that it allows the operator to examine consumer response not 6nly
in an aggregate sense but also for a broad range of identified market
seqments (eg students, CAPs, wamen, travellers with children, etg)
Alternatively, the resulting preference data itself can be used to
identify market segments which are particularly sensitive to certain
aspects of travel. This information can provide a useful guide for
detemining how to market certain changes in service and to whan,

RESEARCE EXPERIENCE

This form of research is now made use of by a large number of
transportation managers concerned with developing their product range,
both through improvements to existing products and through product
extensions ot rationalisation, 'Some areas where traje-off research

has repeatedly been euployed include:

station modernisation feasibility studies

rollirg stock development

passengér information ‘serv ice design
- temminal facility improvement studies
development of bus service investment programmes.

For this paper, we have focussed upon one particular study comducted
in Dermark for the national rail campany (DSB) which it is hoped will
serve to identify not only the practical steps imwolved in this type
of project but also to demonstrate the kind of output that can be
obtained and the ways in which such data can be used.

The study in-question was undertaken during 1985 and imvolved a very
detailed examination of the views of ‘passergers using the railway's
InterCity services. ) :

The main objective of the project was to establish ard quantify the
relative importance that passengers attach to changes in various rail
travel features. The information was required as an input for the
development of future railway marketing and imvestment action plans.

By a careful rotation of variables it was possible to examine a large
number of product specifications (32 in total), scme of which involved
changes to existing travel features - {eg interchange, journey time,
train catering] while others involved the appraisal of new product
specifications (&g minibus services to/from station, baggage
conveyancing procedures, etc) . - Many of these had to be very carefully
defined for respondents with the interviewers taking due account: of
the levels of awareness and understanding that passengers already had
asbout the services that DSB offer. ' -
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The variables were split into six Separate and  appropriately
categorised exercises.. Each exercise contained either eight or nine
options depending upon the design requirements. fThe six exercises
were presented by interviewers on a rotation basis with each
respordent being asked to appraise ‘the options for three of them. A
fare variable was included in all six exercises to allow for a
cros-camparison of results. 1In the main, the variables were defined
with two levels each, the few exceptions containing three levels.

The 32 examined variables are set out in Table 1, appropr iately
grouped.,

TABLE 1 : VARIARLES EXAMINED

GENERAL TRAIN .. STATION
1) (2) (3} (4) (5 (6)
journey time access/ catering enviromment céterirx; weather
egress protection
frequency baggage special toilet ticket toilets
conveyance carriages facilities booth
design
punctuality seat seat cleanliness waiting. eleanliness
reser— density fac i~
vations lities
journey bikes coach seat type infor- car parking
slanning (on train) design mation
information at
. station
nterchange  timetable  crowdad- ferry station platform
format ness catering shops accessi-
bility
. train/
ferry
link
ares fares fares fares fares fares

e examples will help illustrate how these variables were presented
} respordents and, most importantly, how they were individually
2ared to each respordent's own awareness ard urderstanding levels,
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Looking at Exercise 1, for instance, the first variable

tor ; artaste  shown ig g,
journey time. The starting point for presenting this

variable wag
determined by the respondent her/himself. During the early part of
the interview the interviewer asked how long the respondent ex

tas
to be travelling by train for that Journey. The two levels for tﬁg
variable were then defined as: :

(1) passerger's current perception for journey (bad level)

(2) a 20% improvement (good level),

50, the interviewer played back to the respordent a
times, relating to the two levels, which were entirel
that person's existing perceptions, however misguided . they may haye
been. If, for instance, the actual Journey time for a particular
origin/destination was 4 and a half hours but the respondent Perceives
it to be Shrs then the two levels would have been defined as:

pair of jDUIney
¥ consistent with

(1) 5 hrs {ie current perception)
(2) 4 hrs (ie 20% improvement)

Another example can be cited from the same grouping, that of
punctuality. Here, the good level was defined as:

] Passenger’s expectation of delay on scheduled time
and the bad level as:

. 10% (time) delay, which passerger is notified

of during journey
(ie no advance warning) .

The fesearch was also used to test out some new product ideas,
including the following (with level definitions):

(1} Jjourney planning
information

T

existing sources

: a complete journey plan would be
sent  through the post after
passenger phoned through
'specification' to gR staff (in
addition to existing sources)

(2) access/egress : existing possibilities {bus, taxi

etc)

: a minibus service between home/wor k
etc and nearest station pr iced
between bus and taxi fares (plus

existing possibilities)
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(3) seat reservations ¢ current procedures (you can reserve
but don't have to)

"

all seats to be reserved {no
standing allowed)

(4} bike coﬁvanance ¢ no bikes allowed on the train
bikes allor}aéd (at cost of 30kn)
{5) baggage cormeyance : looked after by passergers or

booked in and it goes on another
train (current}

looked after by passenger or booked
in amd it follows you o¢n sSame
train(s) (like aircraft services)

A total of 623 interviews were completed on the mainline between
Copenhagen and Arhus, allowing for a detailed disaggregated market
Ssegmentation analysis. Mo facilitate this process and in recognition
of the fact that certain key or interesting groups of travellers would
be only minimally represented if a randan sampling approach were
adopted, same gwtas were set in advance for respordent recruitment.

The primary output of such an exercise camprises a set of importance
weightings attached to each of the attr ibute levels, If, however , one
of the individual attributes has a monetary valve (for instance, the
fare level} then the value for each of the other attributes can be
defined in monetary units, either for individml passergers or for
defined market segments. These can be treated as quasi reverue
benefit estimates for the purpose of investment arpraisal, since they
indicate how much the Fares could be increased if such improvements
were  implemented while leaving = consumer "utility"  unchanged.
Alternatively, by linking the weightirgs to a known demand elasticity,
demand change estimates for each var iable can be calculated,

As was expected, the study concluded that the orimary variables (ie
those most cammonly explored through other statistical procedures such
as revealad preference models) were of most importance to consumers,

But of importance here was that other "esecondary" variables could be
examined and quantified, :
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For instance, the new product which received the most acclaim frog
respondents was the facility to take their bikes with them on the
train. This facility was presented to them as having a cost of 30k
attached and passengers (11% of those interviewed) who had wanted tg
take their bike with them on that particular journey showed 3
preparedness to pay a further 25kr {ie 55kr altogether on a fare of
138kr) which is not far from the half price fare often charged by
railway operators for the comveyance of bikes.

In regard to catering, passengers showed a preference for the
provision of basic facilities. The provision of drinks and cold meals
on the train had a value of 19kr attached campared with an additicnal
value of only 5kr for the provision of hot meals as well. Similarly,
the preference was for cafes at stations (7kr); the vaiue attached to
a station restaurant rather than a cafe was only 2kr.

Thase results can also be presented for wvariocus market segments, as
required. The major advantage in breaking the market into its
canponent parts is that it allows one to identify which aspects of the
service (existimy or developed) should be highlighted for different
target markets.

Looking at journey purpese, for instance, higher than average monetary
values were attached by business passengers o all three primary
characteristics featuring at the top of the hierarchical list (time,
timetabie format amd punctuality). On the other hand, corvenience was
of most cohcern to optional passergers. The two highest monetary
values For this market segment were attached to the train/ferry link
offered and the lack of a train/train Interchange at Fredericia
Station.

With regard to age, the intermediate groups (2640 and 40-60 vears)
were more concerned with the primary aspects of rail trawel (time,
timetable format and punctuality) than either of their older or
younger travel companions. Older respordents, however, were
particularly concerned not to have to disembark from the train during
.the journey, either at the ferry or at a DSB station (train/train}.

An alternative way of presenting the same data is to translate the
weightings into elasticity (demand change] values by linking the
importance weightings to a "known" ‘elasticity ~ in this case, fares
was adopted. For a more detailed explanation of the procedures
involved see Kroes and Sheldon 1983, The aggregate elasticity vaiuve
for fares was taken to be -0.7 fram shich we were able to conclude,
for instance, that the introduction of a minibus access/egress service
would be expected to lead to a 5% increase in rail demand. Likewise,
the introduction of a facility to allow bikes on the train (at a cost
of 30kr) could lead to a demand expansion of same 10%.,
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Each year DSB develops an action plan for the forthcaning five year
period. This is a plan for the future development of the different
sectors within the railways for each of which specific actions are
identified. .

The research, because of its broat ranging natwe, was able to provide
a direct input into the development of these plans. For each
specified action, the estimated demand (and, by using an average fare,
revenue) impact was calculated.

By setting these revenue estimates against the necessary imwvestment
and incurred operating costs DSB were able to evaluate ard prioritise
the various actions.

Some direct actions resulting fram this research include the
development of a modernisation programe for thirty six InterCity
stations and the facility to allow bikes to travel on the train with
accoampanying passengers.

CONCLUDING REMARES

In the previous sections we have discussed the background and the main
design aspects of a research technique known as trade-off analysis.
The case for its application has been illustrated by a practical
example of a major study carried out in Dermark for the State
Railways. This is only one out of a large number of studies which

have been undertaken by the authors in Burope and Australasia for a
variety of transport operators.

A theme which has been cbserved throughout the paper is the need to
adapt  the trade-off exercise to each individual respordent's
circumstances in order to present the context for the research as
realistically as possible, Cne solution to this which is becaning
more ard more attractive is the use of portable computers as a means
of presenting options to respondents. Bradley 1987 provides a useful
overview of the development of canputer based conjoint analysis ard
its state-of-the-art,

The other area which is currently under detailed review is the subject
of interaction, Much of the previous work has focussad upon a number
of individually specified improvements each of which were accorded a
Separate wvalue. Increasingly, however, it is recognised that a
multi-attribute investment or marketing package might have 2 value
different from that which would be suggested by summing the camponent
attributes (it could be a larger or a smaller value), A number of
tesearch studies have included procedures aimed at identifying such
interactive impacts which irdicate that the absence of an interaction
framework is likely to understate the value of the more important
(typically primary) variables and overstate those of lower value,
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