



































DUMBLE AND GOSCHNICK

The optimum path seeking algorithm of the TRAMP
program produced directly the L0OS variables: car, car
passenger and taxi in-vehicle times; car out-of-pocket
running costs; taxi fare; public transport in-vehicle
time, fare, access time and wait time; walk time; and
cycling time, for all zone pairs. Access time for car
and car passenger was assumed to be three minutes if
the trip began or ended in & CBD zone, and one minute
if the trip began or ended in an outer zone. Wait time
for a taxi was assumed to be five minutes.

The ranges of LOS wvariables over which each of
the models was estimated are represented in Table 1.

Description of Journey-to-Work Models Estimated

As was indicated in the first part of this paper
the initial journey-to-work model estimated, corresponded
to that commonly adopted; wviz-all trips with one end
as 'home' and the other as 'work', irrespective of:

(a) what other trips were made on the same journey; and
(b} the socic-economic characteristics of the traveller.

Further, the model was a simultaneous one and therefore,
each mode was implicitly assumed to be equally dissimilar
to every other mode; there was no hierarchy of modes.

The important departure from common practice was that
only LOS attributes were used as explanatory variables.

The parameter estimates of model 1, and foxr all
subsequently estimated models appear in Table 2.
Discussion of these parameter estimates is left until
the next section. The significant feature of model 1
is that a full sample enumeration results in some 62.4
per cent of cases being correctly 'forecast' by it.
However, this relatively good result is superficial as
model 1 actually predicted that in every case the mode
taken would be 'car driver'. As Table II indicates
62.4 per cent of travellers in the sample did travel
as car drivers.

Model 2 had the same specification as model 1 but
those home-work trips that were part of alcnger journey
sequence were’eliminated from the estimation set. Thus
only those trips that were part of a simple two stage
journey (as depicted in Pig 2a) were included. Once
again the superficially good result for the full sample
enumeration was due to the fact that every case was
'forecast' to travel as a 'car driver'.

The fact that the sample was so heavily dominated
by the car driver mode is a problem in itself. MNL
models perform best when there are about even number
choosing each alternative. The subsequent models were
much better in this regard, which may be another advantage
in this whole approach.




TABLE 1

LOS VARIABLE RANGES FOR EACH MODEL

Model Low]'Hign

Low 2 High

Low 4 Hign

Low 3 High

Low ~ High

Car Driver
-IvT

-Cost

-AT

Car Passenger
=IvVT

-Cost

-AT

Public Transport
~IVT

-Cost

-AT

Taxi
-IVT
-Cost
—=AT

Walk

-Walk Time 1.3 160.1

Bicycle

15.4
48.9
23.4

11.5
121.8
5.0

2.0 125.6 2.3 103.1

-Cycle Time 0.3 44.4 0.3 38.0 0.5 29.7 0.6 24.4

6.5

2.0 125.6

29.7

Note: Where AT Access time for medes 1, 2 and 3
Wait time for mode &

IVT In-vehicle time
Cost

All times are in minutes and all costs in cents.

nn ot n

Car running costs for mode L and fares for modes 3 and 4.

See Table IT for model specifications.
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DUMBLE AND GOSCHNICK

TABLE 2

ALTERNATIVE MODELS OF MODE CHOICE FOR
JOURNEY-TO-WORK IN BALLARAT.

MODEL 1 MODEL 2 MODEL 3 MODEL 4 MODELS MODEL 6
DESCRIPTION OF MODEL
Market Segment® : All All All-NC U-NC L—NEC LG-C
Joumney Type® @ All 25 25 25 28 25
Numbar of obs, : 3488 3120 897 446 251 474
VARIABLES IN MODEL ?
Car driver 2176° 1938 251
—  access time —0.19107 —0.19008
(-10.43) (—2.83)
— invehicle time 0.02283 0.01179 0.23768
{043} (021} (0.128)
—  cost —0.05463 —0.05700 —2.4859
(~5.95) (-2.69) (—6.94)
- constant 1.2833 1.29560
(17.89) (17.12)
Car passenger 540 484 222
—  aceess tme ~0.19107 —0.19008
(—10.43} (—%82)
—  inwghicle time ~0.11z1 —0.12508 0.23768
1 92) (—2.00) @ 126)
-~ cost - - —2.4859
(—5.94)
—  constant - - -1.8811
(2535)
Public transport 172 153 153 34 18
-~ access time —0.19107 -0.13008 ~0.11062 —0.10759 —01128
{~10.43) (—9.83} -2i2 (-2 6G) (—1.34)
- wait time - - - - -
— inwehicle time 0.03604 0.03329 ~0.22812 -0.22451 —0.33863
(0.8%) (084} {-2.93) (=2.64) {—1.70)
= fare —0.05463 —0.05700 0.00600 0.00971 —0.00016
(—2.95) {-2.69) {0 34) (43} (—0.004)
—  constant - - - — -
Taxi 21 16 16 2 14
—  wait time —0.18107 —0.18008 ~0.11062 -0.10758 —0.1129
(—18.43) {—2.83) (-3.12) (-2.60 (—1.54)
~  inwehicle time - - —0.80563 —0.62127 —0.72972
(—2.70) (—2.44) (-1.43)
-~ fare —0.05463 —0.06700 0.00800 0.00971 —0.0H16
(—2.25) —964) (0.34) {043 (—0.004)
—  constant - - =-11730 -1 1188 —1521
. {--2.05} {--1.78) {—1.63)
Waik 357 a3z 327 146 181
—  total time —0.05139 —0.05250 ~0.12884 —0.12618 —0.14455
(-7.46} (—7.11) (—8.45) (—&.14) (—4.45)
- constant - - 0204 z7a0 36719
(9.85) (7 22} (6.44)
Dther (Bicycle & Motercycle) & 222 201 201 69 132
— -total time —0.18571 -0.18979 —0.23870 -0.22414 —0.32804
(—6.55) (—6.25) {—4.65 (—4.01) (—2.51}
—  consiant - 0.79325 0.58932 13826
(2 65) (164} [2.45)
MODEL PERFORMANCE
—  degrees of fresdom 7 7 6 [} 6 H
- Zlog A 316.94 263.64 300,51 189.43 2914 552 00
- A 0.0382 0.0360 0.1202 0.1788 0. 21016 08422
- %correct 62.4* 62.2° 58.1 0.8 526 99.0
Nates: § 'Market Segment Code: NC — Non Car Modes; € — Gar Modes: U — Unlicenced; L — Licenced: G — in a Group af twa or more travellers
2, Journey Type Code @ 25 — Two Stage trevel only; All — Two Stege and Multi-Stage Travel
3, Bold-Type figures are the varlable co- efficients and figures in itelics and parentheses are t-test values
4, Numbecs in this type-face indicats the number af observations
5, This result is misleading as all travellers were ‘predicted” to travel as car drivers by this mode!



IMPROVEMENTS TO INDIVIDUAL TRAVEL CHOICE MODELS

The stringent requirements of the TIA assumption
could perhaps be better accommodated by a hierarchical or
nested approach to mode-choice modelling when several
alternatives are available. It may be reasonable to
assume that people do not necessarily make an instantaneous
choice between all possible alternatives, but that they
perceive that distinct groups of alternatives are available.
They initially choose between the grouped alternatives
and then choose an alternative from within the chosen
group (Williams 1977, McFadden 1979, Hensher 1979b).

There is some evidence, or at least speculation, that,
in small eities such as Ballarat, the initial mode choice isg
between car and non-car, and the subsequent choice in the

non—car group between bus and walk (Morris
et al. 1979),

It was therefore decided to group ‘car driver'
and 'car passenger' together as one initial alternative
and the remaining four as the other. The characteristics
that distinguish between these two grouped alternatives
naturally embody the characteristics of the individual
modes, or elemental alternatives, themselves. To embody
these characteristics algebraically into a model requires
the estimation of the second level of choice, i.e. the
'within group’ choice, first. The 'inclusive price' or
'logsum' term that emerges is then passed up to the
'between group' choice level (Williams 1977, McFadden

1979). That is, it is necessary to estimate the lower
order choice model first.

Model 3 was estimated on all non-car two stage
journeys-to-work for which there were some 697 observations
which, except Ffor 'taxi' were relatively evenly spread
across the modal alternatives. As Table 2 shows, model
3 'predicts' the chosen mode correctly in 58.1 per cent
of cases. Although this percentage is lower than the 62
per cent for models 1 and 2 it should be pointed out that
for the 697 observations of model 3 not one was correctly
pPredicted by models 1 and 2 - recall that all cases were
predicted by models 1 and 2 to travel as 'car driver'.
Thus for this sub-sample, model 3 is a much better model
at least in terms of reproducing the observed behaviour,

The next aspect to be investigated was that of
market segmentation. Since already the distinction was
made between 'car' and 'non-car' a logical means of market
segmentation would be by some attribute pertaining to
car ownership Or usage. Williams and Senior (1977),
amongst others, have used level of ecar ownership as the
market segmentation attribute, however analysis of the Ballarat
data (to be reported by the authors at a later date)
indicated that the single most important attribute in
'explaining' differences in travel behaviour was that of
pPossessionor not of a current driver's licence.
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Thus models 4 and 5 were specified exactly the same
as wags model 3, but the data used to estimate them
were segmented into'unlicenced' and 'licenced' travellers
respectively. The results of the full sample enumeration
of models 4 and 5 show an improvement over that of model 3.
Model 4 correctly 'predicted’ in 60.3 per cent of cases
and model 5 in 62.6 per cent. In actual numbers, models
4 and 5 combined, correctly ‘predicted’ 426 cases out of
the 697, compared to model 3 which correctly predicted
in 405 cases. Neither approach predicted any traveller
to use taxi, which was probably due, in part, to the small
number of observations involving taxi travel. It would
probably have been best to have removed taxi trips from
the data set altogether, and eliminated ‘taxi' as an
alternative.

The final model reported upon here is model 6,
which represents the lower level of the '‘car' group of
alternatives. Model 6 evolved after some experimentation
within this 'car' group, it is not the ‘car' group
equivalent of model 3 in the ‘non-car group. Such
a model proved impossible to estimate, even when the data
were segmented into 'iicenced' and 'unlicenced' travellers.
0f course, once the 'licence'/unlicenced’ segmentation is
adopted, those 'unlicenced' travellers who are in the
'car' group naturally must fall into the 'car passenger'
(elemental) alternative, hence no model is reguired.

3

Te overcome the problem with 'jicenced’ travellers,
another means of partitioning the data was tried. It is
yreasonably common practice for the purposes of modal choice
modelling to define 'car driver alone' and 'car driver
with passengers' as separate modes {e.g. Pak Poy and
Associates 1978). It was decided to extend this concept
a little further by distinguishing between persons
travelling by themselves and those travelling in a group,
irrespective of the mode chosen. It does not seem
unreasonable to expect that this factor may influence
the choice of mode, particularly if 'car driver' and
tcar passenger' are identified as distinctly different
modes. Unfortunately, the data do not allow the
identification of whether the traveller was alone or
accompanied, for any mode other than car. When 'car driver'
was the chosen mode the number of passengers in the car
was recorded and naturaliy, if going as a 'car passenger',
the traveller must have been accompanied by at least one
other person.

Model 6 was estimated on the sub-sample data set
consisting of all travellers licenced to drive a car and
who actually travelled in a group in a car. It was binary
choice between 'car driver' and 'car passenger’'.

Unfortunately there were very little differences
between LOS variables for 'car driver' and those for ‘car
passenger'. The only variable that had some scope for
variation was that of'cost', or more preeisely cost sharing
between the driver and his/her passengers. The following
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approach to cost sharing was adopted. If the chosen (i.e.
observed) mode was 'car driver' then it was assumed for

the sake of calculating the cost of 'car driver', that

all persons in the car shared equally the total car running
costs. The cost of the alternative mode, 'car passenger'
was assumed tobe one half the total ecar running costs. If

on the other hand the chosen mode was ‘car passenger',

then the perceived cost of 'ear bassenger' mode was also
assumed to be one half of the total car running costs.

(The number of people in the car was not recorded when

the mode was 'car passenger'). The cost of the 'car
driver' mode, the alternative mode in this case, was assumed
to be the full car running costs.

The full sample enumeration that resulted from
model 6 is extremely encouraging; only five observations
out of 474 (or one per cent) were incorrectly predicted.

What emerged from the successive modifications to
the original, and commonly adopted, mode choice specifi=-
cation was a relatively complex model of individual
choice behaviour. The emergent model is illustrated
in Fig 3 which is split into two segments, one for
travellers who do not possess a driver's licence and one
for those who do. Models 4, 5 and 6 do not exhaustively
cover the models required to fully specify the overall
model depicted in Fig 3. The additional models are all
of a higher order and therefore require the 'pasging-up'

- of a logsum or inclusive price. This is the next phase

in the modelling exercise.

Models 4, 5 and 6 do not fully cover all the
elemental alternatives. Neither 'car driver alone' nor
'unlicenced' car passengers are covered. 1In fact, of
the 3120 two-stage journeys-to-work, only 1171 (or 37.5
per cent) are covered by models 4, 5 and 6. A measure
of the improvement that the above modelling approach
offers over the more commonly adopted approach is that
for these 1171 observations, model 1 correctly predicted
the chosen mode in 251 (21.4 per cent) of cases (i.e.
in the 251 cases where ‘car driver' was actually chosen),
whereas the structured and segmented approach resulted in
correct predictions in 895 (76.4 Per cent) of cases.

Interpretation of Model Estimates

The form of the utility function specified by
egn (3) earlier makes comparisons between the models a
little easier to comprehend. The conversion from the
simple form of Table 2 to that in eqn (3) is achieved
by setting A equal to the co-efficient for the actual
money cost variable (which was always specified as
generic). Table 3 presents the results of this
transformation for model 1.
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‘Unlicenced” Travellers

Model 5

‘Licenced’ Traveliers

Fig 3 — Hierarchical mode choice mode! of journey — to-work in Ballarat
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TABLE 3

MODEL 1 EXPRESSED IN GENERALISED COST FORM

A = =0.05463

C'fj Sk
l. Car briver 5.498AT - 0.418IVT* + COST ~-23.49
2. Car Passenger 3.498AT + 2.054IVT 0
3. Public Transport 3.4$8AT - 0.660IVT* + COST 0
4, Taxi 3.498AT + COST 0
5. Walk ¢.841 TIME 0
6. Other 3.58%9 TIME 0
Where AT Access time for modes I, 2 and 3

= Wait time for mode &

IVI = In-vehicle time
COST = Car running cost for mode 1, and fares for modes 3 and 4
IIME = Total journey time.

* Not significant at the five per cemt level.

One problem that can be encountered when expressing
model results in this manner is that the 'cost' variable
may not be significantly different from zero, or, even worse,
it may. be significantly different from zero and have
the wrong sign. In the cases of models 3, 4 and 5 the
'cost' variable was not significantly different from zero.
For the sake of interest however the remaining model
results (i.e. models 2 and 6} are expressed in the
generalised cost form in Table 4 and 5 respectively.

It is dangerous to draw too many implications
from the rxesults of Table 3, 4 and 5 and indeed Ffrom
Table 2. However there is the advantage that each of-
the subsequent models are estimated on sub-sets of
previously estimated models, and therefore statistical
tests of significance are easily made. For instance,
to test whether or not the co-efficient estimate for a

particular variable varies between models, the test statistic
is simply:

_ B - B
t = T
where B~ = ig the estimate obatined from the full set, (i.e.
R a preceeding model)
8 = is the estimate from the model in question
and S” = is the standard deviation {(estimate) associated

with the estimate obtained from the full set.
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Space requirements prevent the reporting of all
possible significant test results here, but some of the
more interesting ones are now discussed. Returning to
the generalised cost specification of Tables 3, 4 and

5 it appears that the estimate of A for medel 6 is easily
significantly different at the one per cent level from
either estimates of % for models 1 and 2. However, there
is no significant difference between the estimate of X
for model 2 and that for model 1 at the five per cent
level.

TABLE 4

MODEL 2 EXPRESSED IN GENERALISED COST FORM

k k
€ij 8 :

i

Car Driver . 33 5AT 0. 210IVT* + COST -22.73

Car Passenger .3856AT + 2. 124IVT
Public Transport 3.335AT ~ 0.584IVT* + COST
Taxi . 333AT 4+ COST

Walk . 821 TIME

U o W N
o 0 0 ¢ ©

Other . 830 TIME

Note:

Where AI

Access time for modes i, 2 and 3
wait time for mode 4

IVI = In-vehicle time
COSI = Car running costs for mode I, and fares for modes 3 and 4
TIME = Iotal journey time.

* Not significant at the five per cent lewel.

The direction of change in A is reasonable. The
hypothesgis in the first part of this paper was that as
a greater degree of homogeneity was achieved by each step
of market segmentation or data partitioning, then the
greater the sensitivity,as measured by A,that that sub-group
would exhibit with respect to changes in generalised costs.

There are several general features of Table II that
should be commented upon. The first, is that in every
instance LOS variables that were significant had the
correct sign. The second, is that there was a consistency
in the patterns of those variables that were not significant.
For instance, 'in-wvehicle time' was never significant
for the 'car driver' mode ('in-wvehicle time' was specified
as alternative-specific rather than generic, except
in model 6). Yet it was significant for the 'car passenger'
mode. Similarly public transport ‘in-vehicle time' was
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not significant in the fully simultaneous mcdels 1 and 2,

but became much more significant in models 3, 4 and 5; the
models pertaining to the non-car group of alternatives.

As well, for models 3, 4 and 5 'fare' was not significant

yet it had been in models 1 and 2.

TABLE 5

MODEIL 6 EXPRESSED IN GENERALISED COST FORM

2t = -2,4859
cis® sl k
1. Car Driver with -0.088IVT* + COST 0
Passengers
2. Car Passengers -0, 096IVT* + COST 0.76
Note:

Where AT = Access time for modes i, 2 and 3
Wait time for mode 4

VI = In—vehicle time
COST = Car rumning costs for mode 1, and fares for modes 3 and 4
IIME = Iotal journey time.

and the subscript '!' indicates the 'licenced' segment of the sample
* Not significant at the five per cent level.

These results are open to interpretation, but it
would seem reasonable to assume that the lack of significance
of particular variables is at least in part due to that
variable not being influential on the choice outcome, and
not entirely due to measurement, mis-specification and
other errors which are surely present. Thus, for this
set of travellers,it can be tentatively concluded that
for their journey-to-work the 'in-vehicle time' for the
'car driver' mode is not really a factor that influences
their choice of modes. Furthermore, fer that sub-set
of travellers who travelled to work by one of the four
non-car group of modes (697 of them), the cost or fare
paid for the trip does not appear to be a significant
factor in their choite of mode. For that group of
travellers who travelled to work in a group in a car
the cost sharing arrangements may be the most important
factor in determining who drives.

It is important to realise the conditional nature
of these results. That is for instance, the choice of
whether or not to travel in a group may be very sensitive
to travel time, but, having decided to travel in a group
in a car, travel time ceases to be an important factor
in subsequent dJecisions. Thus the importance of each
LOS variable cannot be fully appreciated until the
complete model is estimated (see Fig 3).
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LIMITATIONS OF THE APPROACH

In the first part of this paper several advantages
of the outlined modelling approach were put forward. In
gaining those advantages it is inevitable that it would
be at the cost of incurring some disadvantages.

More Segmentation VS More Data

The most obvious disadvantage is that the proposed
modelling structure (see Fig 3} regulres the estimation
of more equations or sub-models than does the current
approach. It is not so much the extra expense involved
in either estimating these sub-models cr running them
in a production mode, but the extra data requirements,
that is the disadvantage. In our example there was no
problem as there were plenty of observations to begin
with, but inevitably when one model (e.g. model 1) is
replaced (eventually) by 4 sub-models for the 'licenced'
segment of the population and a further 2 sub-models for
the 'unlicenced' segment, obtaining sufficient data could
be a problem. For instance adopting the same methodclogical
approach for ‘'personal business' journeys instead of
'work' journey still using the 1970 Ballarat HIS data,
would have meant only starting with 434 observations
for model 1 and the rejection of 178 (41 per cent) of
those when proceeding to model 2 (2 stage journeys only).
(This is not to suggest that 'personal business' travel
should be modelled with exactly the same hierarchical
structure and the same market segmentation schema, as one
point being made is that a much more flexible approach
to modelling travel behaviour, still within the confines
of MNL and HIS data, should be adopted. This flexibility
should encompass the predictive tasks that await the final
model and the insights that pre-modelling analysis of
input data provide).

'A problem with adequate sample size' is often the
argument advanced against market segmentation and by
inference, in favour of the inclusion of socio~economic
variables directly into the utility function., It is
certainly conceded that there must bhe balance struck between
the extent of market segmentation and the number of
observations available to estimate any model, but it
does seem most logical to at least investigate the
appropriateness &f the restrictive assumption implicitly
brought about by the inclusion of socio-economic variables
directly into the utility function (i.e. that they only
have a 'shift' effect and not a 'slope' effect - see Fig
1} when there are sufficient data to do so.

How to Deal with Multi-Stage Travel

A more complex problem is that caused by the removal
of multi-stage journeys from the estimation set. The
importance of multi-stage jourheys (see Fig 2b) is
increasingly being recognised (e.g. Hensher 1976 and Morris
et al. 1979) but so far 1little progress has been achieved
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modelling them. There would seem to be at least two
fronts on which to proceed: either 2 stage and multi-
Sstage journeys can be modelled separately but not
independently (e.q. recursively); or the 'trip' as the
unit of analysis can be dispensed with completely and
replaced with 'journey' (or 'sojourn') whether 2 stage
or multi-stage. Either way, the "activity' view of
travel behaviour would seem likely to emerge in place
of the current 'trip-pupose' view. :

An interim, practical, solution may be to postulate
an hierarchy of trip purposes (or activity types) and
use it in rather the same manner as 'dominant mode
coding' is used. That is, to make the assumption that
say 'work' is the most dominant acitivity, as far as mode
choice is concerned, and that any activities coupled
with the journey-to-work (e.g. personal business) do not B
influence the choice of mode. Thus our models 2, 3, 4, S
5 and 6 would be re-estimated with the 3 stage journeys E
(involving a work trip) included in the estimation set,
This seems reasonable in view of the fact that none of
the co-efficient estimates of model I, (i.e. with all
journeys included) were significantly different to those
of model 2 (estimated without multi-stage journeys).
1f, say, 'personal business' was the next most dominant
purpose then the mode choice model for 'personal business'
would be estimated on the data set containing all 2
stage 'personal business'’ journeys plus all those multi-
stage journeys that contained 'personal business’' trips
except those that also contained a 'work' trip. This
procedure would continue down to the least dominant trip
purpose, which model would be estimated solely on 2
stage journeys.

The only remaining problem is to determine the
ordering of trip purposes from most-dominant to least-
dominant. This may have to be determined arbitrarily,
but some sensitivity testing (of the order) may help.

Functional Form

A further limitation, rather than problem, with the
approach so far, is that only the linear form of the LOS
variables was investigated. Various transformations of
the level-of-service variables (e.g. logarithmic) have
been tested by others and it is now possible to systematically
investigate functional® form with the aid of Box-Cox and
Box-Tukey transforms (gsee Gaudry and Wills 1978, Johnson
1979 and Hensher and Johnson 1979).

It is alsoc possible to investigate different
functional forms of LOS variables using socio-economic
variables; the most common being the division of money
cost variables by income (see for example Charles River
Associates 1976).
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Although the results of such transformations have
heen encouraging they were not investigated at this stage
in the interests of keeping the exercise as simple as
possible. Certainly, it is an area worthy of further
investigation and will form part of a later stage in
the current project, but consideration of functional
form takes us into the very complicated and complex
area of 'perceptual' measures vVersus physical measures.

Perceptual VS Actual Measures

The specification of physical measures instead of
perceptual measures would be a mis-specification of the
utility function, if the two did not co-incide, and would
result in errors in any model estimated on such data
(Koppelman 1976). In a sense, experimentation with
functional form is attempting to determine how individuals
'‘map' physical measures (e.g. LOE variables) into
perceptual ones.

In the general case where network simulation is
used to produce LOS measures there is an additional
source of error; measurement error; due to the reported
values of these variables not being the actual wvalues
(Koppelman 1976). The use of zonal averages (for that
is what the network simulation approach results in) has
been suggested by Horowitz {1979) as being one of the
largest single sources of error in individual choice
(MNL) models. However Horowitz's comments appear to be
more directed at the use of zonal averages for socilo-
economic variables than for I0S variabies which may go
much closer to meeting the stringent conditicns reguired
to prevent biased estimates (Horowitz 1979). In the case
being discussed here the simulated LOS variables may well
meet Horowitz's conditions as the zones themselves are
relatively uniform in size and shape and are small in
comparison to most zonal systems adopted for travel
analysis (see Dumble 1879), therefore minimising both
the in-zone and between-zone variance. Hensher (1977}
concludes that reported travel times (i.e. starting time/
finishing time) are close to the true and perceived time
and, as our simulated times compared well with reported
times, it is suggested that in this case the error
introddced by simulation on a zonal basis of L0S wvariables
(particularly travel times) should be less than the amount
suggested by Horowitz {1879). An obvious conclusion in
this regard must be to place strong emphasis on the
specification of network characteristics (i.e. 1ink
speeds, distances, cost and fare functions, etc).

These drawbacks and limitations are not necessarily
unique to the approach outlined above. Nevertheless it

was important that they be raised, as their airing immediately

opens up areas for further refinement.
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FUTURE DIRECTIONS

The investigation as outlined earlier is not vet
completed as the higher models have not been estimated.
However it is certainly not premature to include in
this paper a section dealing with future research
directions, still within the confines of HIS data and
network simulation of LOS variables.

In view of the discussion in the immediately
preceding seation on functional form and 'perceptual’
vs 'actual' LOS data, an cobvious area for further research
awaits us there.

A computer package, BLOGIT, is now available which
incorporates Box—Tukey transforms and therefore enables
the systematic investigation of functional form (Crittle
and Johnson 1980). It is the intention of the authors
to re-estimate many of the models reported in Table II
using this package.

A further intended refinement is to make use of
the "unlinked' travel data to investigate more fully
the access mode/primary mode relationship. For our
exercise the 'linked' trip was used in which only the
most dominant mode appears; information about any access
modes having been removed. As described earlier, all LOS
variables including access times, etc, were simulated.
However, only cursory checks were made of simulated
access LOS against actual (i.e. recorded)} access LOS.

Recent investigations have suggested that the choice
of access mode has some influence on the eventual choice of
the dominant mode and Talvitie (1979%b) has produced an
hierarchical access mode/primary mode individual choice
model. In a small relatively uncongested city such as
Ballarat,access mode is probably not important, but in
larger Australian cities, where it is thought that ‘

a need exists to attract travellers out of their cars
and back onto public transport, it may be an important
factor influencing the likelihood of this modal shift
occuring. For this reason it it suggested that access
mode be investigated on HIS data from larger Australian
cities. .

Related to the point of more detail about access
mode is the possibility that perhaps more detail is
reguired about aspects of travel time. Access time,
wait time and in-vehicle time are already separated out,
but it has been suggested that within 'in-vehicle time'
further subdivision into 'time stopped’ and 'time moving'
may significantly improve the explanatory power of models
(Hensher and McLeod 1977). Thus any work put into improving
network specification, particularly intersection delays,
should be repaid in terms of improved models.
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Of course, none of these foreshadowed improvements
gets to the heart of the 'perceptual' versus 'actual’
issue. Unfortunately the use of HIS data and network
simulation preclude the use of 'perceptual' data. However
the collection of reliable 'perceptual' data is fraught
with pitfalls too. For instance asking pecople how long
it would take them to complete a certain trip by an
alternative mode does not always elict the correct
perceptual or behavioural response. However,whether
'perceptual’ or 'actual' variables are chosen there
is still a great deal of research to be done before all
the igsues involved can be resolved.

Allied to the necessity for further work on the
identification of elemental attributes of LOS (e.g.
separation of 'stopped’ time from 'moving' time) and on
the 'correct' specification of access modes, is a more
general need to identify 'elemental’ modes. That is, the
seven differentmodes depicted in Fig 3 are, in a sense,
arbitrarily defined, and are not necessarily the only .
set of alternatives perceived by Ballarat residents, nor -
is each altermnative necessarily correctly identified.
For instance, 'public transport' in Ballarat at the time
of the survey consisted of trams and buses. As these modes
were not supposed by regulation to compete for patronage,
it seemed reasonable to assume them to be one mode for
the sake of the modelling exercise. It is possible to
remove any bias introduced by 'vepresenting' more than
one elemental alternative by a single alternative (Hensher
1979b), but there remains the problem that it is still up
: to analyst to define elemental altermatives. It is up
se E: to him to decide, for instance, if driving a car alcone
>f . ig different to driving one accompanied by passengers,

[ or indeed, if driving with one passenger is different to

driving with two (or any other number of) passengers.

One further area where plenty of research scope still
exists is that of market segmentation. The dimension
used in this exercise; licence/non-licence holding; was
chosen arbitrarily, albeit with some prior knowledge. A
more efficient method is, however, called for.

There are several possible,less arbitrary methods
available for market segmentation. Perhaps the simplest
is to test each potential segmentation dimension in
turn with analysis-of-variance or similar technique,
e.g. Automatic Interacticn Detection (AID) - see Hensher
1976.

Ancther approach offerring some potential is to perform
a factor analysis on the 'raw' soclio-economic variables
in order to determine the principal or underlying factors
explaining travel behaviour. This approach has been tried
in a slightly different travel context with a degree of
success {Conroy 1978}.

ng
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Perhaps the most appealing method yet proposed
is that of using the utilities directly - the utility
classification method {(see Reid 1978}).

Whichever method is chosen it is important to
realise that in each modelling situation a separate
market segmentation investigation will probably need
to be undertaken. It is simply inefficient to choose

a2 market segmentatign schema without investigating the
data first. i

There is therefore still plenty of room for further
improvements to the modelling procedure outlined earlier
in the paper. Some of the suggested areas for improvement

are generally applicable to any of the modelling approaches
currently in use.

CONCLUSIONS

Although the exercise has not yet been completed -
(i.e. all the model stages depicted in Fig 3
have not yet been estimated) there are a number of
tentative conclusions that can be drawn.

The exercise has clearly demonstrated that the
strict specification of the utility function in terms
solelyof level-of-service (LOS) attributes,and in
conjunction with market segmentation,can lead to meaningful
modal choice models, particularly when careful selection
of the estimation set and a sensible approach to choice
set determination are adopted. Although this leads to
a more complicated model structure, the increase in
understanding that it brings makes it worthwhile. The
resultant model should be particularly useful in the
short term policy analysis context.

The essential message that emerges is that much
thought should go into the selection of a model structure
for each particular modelling task being undertaken.

It is important to allow the data to help select model
structure. 'Getting to know the data' is also important
from the point of view of interpretation.

The hierarchical approach also seems to be superior
to the simultaneous approach on the grounds both of theory
(or at least’intuitive reasoning) and practice. In fact,
the way in which the exercise proceeded showed that model
structure, market segmentation and choice set determination
are not separate and independent issues at all, but are
very much connected. Figure 3 clearly demonstrates this
point and alsc the point that a rigid approach to modelling
is inferior to a flexible one where the final model is
arrived at by evolution rather than being pre-determined.
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Nevertheless there are a number of drawbacks Or
limitations, either specific to the method proposed or
generally applicable to other current modelling approaches
as well, that reguire some resolution before the proposed
method can reach its full potential as a predictive tool.
These limitations are: the trade-off between a greater
number of sub-models caused by market segmentation, an
hierarchical structure and other partitioning of the
data, and the increased number of observations therefore
required to estimate the full model; the problem caused
by multi-stage journeys (although current modelling
practice does not tackle this problem at all); and the
increased 'error' passed on by requiring yet more 'logsum’
or 'inclusive price' terms. As well, the limitations it
shares with other current approaches also bear further
investigation, these being: functional form and the
dilemma between ‘'perceptual’ or 'actual' measures and
finally the determination of the most efficient means
of segmenting the travel market.
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