VALUATION OF TRAVEL TIME SAVINGS

A Direct Experimental Approach

By David A. Hensher* and Truong P. Truong 1§

Valuation of travel time savings continues to be a topical subject. Yet, despite the
enormous effort in applied research directed towards identifying suitable values
for this important source of benefit to the traveller, there is more disagreement
than ever before (see, for example, Heggie (1983)).1 The era of “25% of the mean
gross personal income”’? has passed, leaving the practitioner with a rich menu of
published values of wide-ranging vintages and sampling practice, but little
guidance on their applicability in specific contexts. Recent studies (for example,
McFadden et al (1977), Truong and Hensher (1985)) have produced values
significantly higher (as a percentage of average wage rate) than the estimates
derived from data bases of the late 1960s and early 1970s. The British and
Australian Departments of Transport (Department of Transport (1980), Bureau
of Transport Economics (1982)) continue to make available national average
values of non-working time savings for in-vehicle and walk/wait time, but their
local suitability is left to the discretion of the user.

The commuter values now used are mostly based on updates of values from

* School of Economic and Financial Studies, Macquarie University, North Ryde, N.S.W.,
Australia.

+ School of Economics, University of New South Wales.

§ The possibility of deriving values of time savings from fractional factorial experimental
design was first suggested by D. A. Hensher and Jordan Louviere in 1978. Our ideas have
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1 The previous agreement, of course, does not mean we had it right.
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42% was a much cited figure (based on the studies of Lisco and Lave in the late 1960s — see
Hensher and Dalvi (1978)).
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empirical studies of the early 1970s. These, without exception, used a discrete-
choice model of mode or route choice on revealed preference data (see Hensher
and Dalvi (1978) for a review of them). Some studies used less conventional
procedures (Lee and Dalvi (1969), Dalvi and Lee (1971), Hensher (1976),
Hoinville and Berthoud (1970) — see Appendix A); but in all except Hoinville and
Berthoud the revealed preference approach continued to be central (for example,
Kraft and Kraft (1974)).
The revealed preference approach has been criticised for several reasons:

(i) The technique is not easily amenable to updating and cannot readily be
generalised from specific cases;

(ii) Choice alternatives are usually “imposed” upon the individual without
regard to whether or not they are relevant;

(iii) The levels of the attributes of the choice alternatives cannot be meas-
ured easily or without ambiguity;

On a more technical level:

(iv) The linear functional form normally adopted for the representative
(indirect) utility function of the choice model is thought to be too
restrictive;

) The statistical correlation between the levels of the attributes of the

choice alternatives reduces the level of confidence attached to the est-
imated parameters of the model;

(vi) The choice model — though estimated on individual data — produces
aggregate (or “representative”) parameters, and therefore cannot throw
sufficient light on individual differences in valuation of time.

Some of these criticisms are justified, others are not. Nevertheless, they provide
sufficient grounds for considering other methods of valuing travel time. One
alternative is the use of “direct experiment”, requiring an individual to state a
preference for each and every element of a travel “experimental design”. The
stated preference (utility level, rating level) is then regressed against the levels of
the attributes of travel alternatives of the design. To guarantee the estimation of
the most general form for the utility (preference) function, the levels of these
attributes are designed in advance so that all variables in the function are “ortho-
gonal” to each other.

A number of studies (for example, Hensher and Louviere (1983, 1984), Bureau
of Transport Economics (1981), Louviere and Hensher (1983a, 1983b) have
argued that the direct experimental approach is an appealing alternative; but it
also has some technical difficulties. Some of these are identified in this paper.
The resolution of all these difficulties calls for continuing empirical as well as
theoretical research. This paper suggests the direction the research should take,
as well as some initial steps.

The outline of this paper is as follows. We first describe the direct experimental
approach; we then describe the empirical study and analyse and interpret the
results. A concluding section highlights the main findings.
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FIGURE 1
Travel Alternatives in a Direct Experiment

THE DIRECT EXPERIMENTAL APPROACH

In the direct experimental approach, the individual traveller is exposed to a set
of travel alternatives (1 to 9 in Figure 1). Each alternative is described by a comb-
ination of levels of time and cost. The individual is asked to assess each of the
alternatives by giving each of them a “rating” on a fixed scale. This rating is
regressed against the levels of time and cost of each alternative. The resulting para-
meters provide a source of information for valuation of travel time.

To put this rating function in an economic context, let us suppose that an
individual derives utility not from travel cost and travel time as such, but from
goods and leisure time left after travel expenses and travel time are deducted from
the money and time budgets. This means that travel cost involves a disutility of
forgone consumption of goods. Similarly, travel time involves a disutility of
forgone leisure. Let A and u denote the marginal utility of money and time
budgets respectively. Then the traditional way of calculating the value of time
savings is first to assume an indirect utility function for travel (mode) choice:

V,~=—)\x,~—/¢t,~ 1
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where
V; is the level of indirect utility associated with the choice of travel
alternative i
X, t; are the travel cost and travel time associated with alternative i
Ao are parameters to be estimated.

We note that A,u are independent of the travel alternatives. This reflects the
assumption that time and money are homogenous resources which can be alloc-
ated optimally between alternative uses. The parameters A,u are the Lagrange
multipliers associated with this optimal allocation. The ratio u/A can in fact be
used to denote the shadow price of time. In this model, ‘“‘saving travel time”
implies saving a resource for alternative (non-travel) uses. Thus the value of time
saved is measured by the resource shadow price (/).

Next, we learn from De Serpa’s (1971) theory of time allocation that travel
time may not be allocated optimally because of technological constraints. This
means that the resource ¢; may no longer be valued optimally at the margin by the
unique shadow price (u/\), but by (u — k;)/\, where k; is the Lagrange multiplier
associated with the time-consumption technelogical constraint of alternative i.
The indirect utility expression corresponding to this case is (see Truong and
Hensher (1985) for more detail)

Vi=—=Mx; — (0 — K)t; 2

The value of saving time in this case is defined by (k;/\), which is the shortfall in
the actual value (4 — k;)/\ below the optimal value (/). Value of saving time in
this case is specific to each alternative (circumstance under which time is saved).
If (k;/\) = 0 for a particular alternative i, there is then no value in “saving” time.
This is because ultimately ‘“‘saved time” has to be spent in another activity, and
the optimal value that one can derive from it is only (u/\). This value has already
been achieved in activity i if (x;/\) = 0.

Even though (2) is a considerable generalisation from (1), there are still severe
restrictions imposed on it, because the Lagrangean multiplier k; is still assumed
to be independent of the levels of ¢;, x;. In the context of a choice of travel mode,

Kk; is related to the consumption-technological constraint of the form (De Serpa,
1971):

t; 2 a;x;;a; constant 3)
where qg; is independent of the levels of ¢; and x;, even though dependent on the
“mode” i. In a direct experiment, there is no well-defined “mode”, but each
alternative (1 to 9 in Figure 1) implies a specific “consumption technological
constraint” of its own. This means that we must specify a different k; for each of

the i experiment alternatives (i = 1, ..., 9 in Figure 1). An equivalent approach is
to assume k; to be a function of (¢;, x;):

Ki = Kk(t;, X;) 4)

Taylor series expansion of (4) around, for example, the mean levels ¢, X of the
experiment gives for each alternative i (neglecting second order terms)

K; = R+ (0K/D8);(t; —1) + (3K /0x);(x; — %) (&)
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Substitution of (5) into (2) and simplifying terms gives

Vi=—Nx; — (u— Rt + (a+ ;% + yx;ty) (6)
where
a = —(0k/0t);f — (0K/Ox);X
B = (9k/at);
v = (9k/0x);

By neglecting second order terms in (5), we also implied that (dk/dt), (dk/0x) are
constants, independent of i. Thus, the parameters o, 8, v are written without the
subscript i in (6).

Value of time is calculated from (6) as follows:

av/at;
VorT =
0V/0x; | v;i = constant )
(w—r) (xit26)
)

We see that the value of time is now dependent on the actual level of travel time
(¢;) and cost (x;). The first component [(u —.K)/A] gives the value of time at the
“mid-point” of the experiment; the second component represents the deviation
of the value of time from the mid-point value.

Finally, we also note that there are usually more than one type of time variable
(for example, “walk, “wait”, “in-vehicle” time) to be considered; each may have
different time values. Equations (6) and (7) thus need to be generalised as follows.
First, for simplicity and without ambiguity, the subscript i indicating the “alter-
native” can be dropped; a different subscript m is now used to indicate time
variable type m, m = 1, . . . , M. Also, we add a series of “quality” variables Z,,,
n =1, ..., N. These variables involve no direct expenditure of time and cost,
but can still influence the level of indirect utility of choice. We have, thus, as a
generalisation of (6):

V= VO —Ax — Z:(M—'Rm)l‘m +Eﬁmtm2 +27thm +26nZn
m m m n

8
+22 0, m tmtmo + 228 n b Zy ®)
mun' ! mn

As compared with (7), equation (8) also contains terms which represent the
“interactions” between time levels #,, and #,,7 and between time and quality
variables ¢,,, Z,. The value of time type m estimated at a particular point i
(that is, associated with “alternative’ i) is now given by:

Av/at,,
vor,, = ——
" av/ex V=V;
(“—Rm) (7X+2ﬁm tm +em,m” th+Em,nZn) (9)
A X
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where the levels of x, ¢,,, Z, are implicitly associated with a particular point
in the “attributable space” of the experiment.

Again, the first part (u — &, )/\ gives the value as estimated at the mid-point
of the experiment; this comprises only the parameters of the linear terms (x, 2, ).
The second part represents the deviation of this value from the mid-point value,
and is seen to depend on the actual levels of time, cost and other quality variables
at a particular point.

Estimation

The indirect utility expression (8) is highly non-linear. To estimate this non-
linear function, the first step is to design an experiment in which the correlations
between all the (linear and non-linear) terms are close to zero. This enables us to
treat (8) as though it were a linear equation (that is, terms such as xt,, are now
treated as though they represented a single variable rather than a product of two
variables. Next, we notice that (8) contains a considerable number of parameters
to be estimated. This implies a lot of information to be obtained from each indiv-
idual in the direct experiment. To lighten the burden we can use pooled observ-
ations from different individuals. An alternative approach is to impose restrictions
on the parameters. Restrictions are also intended to guarantee consistency of the
results with economic theory (for example, to avoid negative time values — see
later section). To illustrate, consider points 2 and 3 in Figure 1. Suppose, through
an error in judging his preference, the individual rates point 2 higher than point 3,
that is, ¥, > V3. Without any a priori restriction on the preference function, we
may end with a set of indifference curves as given in Figure 2a, showing a positive
trade-off between goods and leisure, that is a negative time value (the individual
is willing to pay a positive sum of money to reduce his leisure time!). A priori
restrictions on the indirect utility function will force the judgemental error to
the “random error terms” and thus preserve consistency in the sense of the
indifference curves of Figure 2b. A priori restrictions are thus not only useful
but essential if the results from a direct experiment are to be consistent with
economic theory of “‘rational” consumer behaviour.

THE EMPIRICAL STUDY

In December 1981 and January 1982 a self-administered form was distributed to
a sample of central area offices, and completed by employees who regularly
commuted between home and the one workplace. A reply post-paid envelope was
supplied with each form. In five Australian cities 635 survey forms were distrib-
uted; 91% of the locations chosen were in Sydney. Private enterprises received
68.8% of the forms; the remainder went to the government and semi-government
sectors. The response rate was 47.4%, with a usable sample of 301 observations.
The final sample size in the current study is 219. The survey sought details of the
individuals’ regular means of travel to work and an alternative means of travel to
the same location. Details of the sample and results of a revealed preference
analysis are given in Truong and Hensher (1985). In this paper we emphasise the
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TABLE 1

The Construction of a Quadratic Polynomial

X x? wX)
-1 1 vy

0 -2 L2

1 1 V3

derivation of time values, from the administered time experiment. Each individual
was invited to assess each row of the design matrix and to rate it on a 0—10 scale
to indicate a preference or dislike for the trip situation. To make the task easier
the design was divided into two blocks, 18 trips with no vehicle transfer and 9
trips with two vehicle transfers (Appendix B).

The design of the trip experiment

The trip experiment is designed on the principle of fractional factorial design.
Four variables were chosen: total cost (C), in-vehicle time (T, ), wait time (T,)
and walk time (7). Each variable has three levels, indicated nominally by —1, 0,
1. In the questionnaire these nominal levels were replaced by the actual levels
(see Appendix B). Given this basic design, we then construct the quadratic vari-
ables C?, T,2%, T,%, T;2. For example, T? is constructed by squaring the values
of T and replacing the nominal 0 with the nominal —2 (Table 1).

Let »(X) indicate the partial utility, or rating, which arises from factor X alone.
If v(X) is non-linear in X, a second-order polynomial approximation for »(X) can
be written as:

»(X) = aX + BX? (10)
From Table 1, given equation (10), by substitution of the values of X and re-

arrangement we can derive equations (11) and (12) as a means of showing the
relationship between »(X) and X:

a=(; — )2 (11)
B=1[(v3 —vy) — (v, —v1)1/6 (12)
Thus, o measures the average slope between X = —1 and X = 1, whereas 8 meas-

ures the change in slope between (X = -1, X=0)and (X =0 X=1).Ify(X)isa
linear function in X, we would expect 8= 0, and the variable X alone is sufficient
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FIGURE 3
Role of the Quadratic Term

to capture any effect due to factor X. If we expect »(X) to be quadratic in X,
then both X and X? are required to capture the full effect due to factor X (Figure
3).

We assume that the effects on rating due to total cost (C), invehicle time (T,)
and wait time (7, ) may be non-linear, but that the effect due to walk time (7) is
linear. The variables C?, T;2, and T,? are required to capture any second-order
effects due to C, T;, R, respectively, but 732 is not required. T3?% can be used to
represent the fifth factor, the number of vehicle transfers (Z). Since T3 2 has only
two levels, 1 and —2, 1 can denote O transfers, and —2 can denote 2 transfers.

Next, the two-way interaction variables are considered. Let CT, denote a vari-
able constructed by multiplying the level of C by the level of T,. Similarly all
two-way interaction variables can be identified:

cr,, CT7,, C(CT;, (CZ

T.T,, T, Ts, T,Z
T,Ts, T,Z
T,Z
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Furthermore, the following set of variables is correlated:

Cov (CTy, T,T;) = 025
Cov (CTy, T,Z) = 0433
Cov (TyT,, CZ) = 0.433
Cov (T,T,, CT;) = 0.25
Cov (CT,, T;Ty) = 0.25
Cov (CT,, T,Z) = 0.433

We can now choose either to include all two-way interaction variables in the
design, which will mean that the design variables are not completely orthogonal
to each other, or to exclude some of the variables believed a priori to have neglig-
ible effects, so that an orthogonal design can be maintained. The latter approach
was selected. The following effects were assumed to be insignificant: T, T}
(wait X walk), T,Z (wait X number of interchanges), CZ (cost X number of
interchanges), CT; (cost X walk), CT, (cost X wait). Once these variables are
excluded from the model, we obtain a completely orthogonal design as shown in
Table 2.

Calculation of the value of time savings

Though the sampled population rated each of the 27 scenarios in the trip experi-
ment by assessing the real levels of each attribute, the statistical analysis regressed
the ratings against the nominal levels (Table 2). As a result, a transformation is
required from the nominal to the real levels of the attributes.

For a two-level variable such as the number of vehicle transfers, only a linear
term is required. Let z denote this variable and Z its nominal level, so that

Z=a+bz (13)

Substituting the values for z and Z (as seen from a comparison of Appendix B
and Table 2) into (13) gives

1 =a+5(0) (14a)

2=a+b(2) (14v)
Solving for a and b, we have a =1 and b = —3/2.

For a three-level variable a quadratic term is also required. Consider the cost
variable ¢ and its quadratic ¢?. Let its nominal levels be represented by C (the
linear effect) and C? (the quadratic effect). Note that C? is not simply the square
of C (as c? is the square of ¢). We assume a linear relationship between C and c,
and a quadratic relationship between C? and ¢?, so that

C=0,+6;c (15
and

C?=8,+8,c+6,c? (16)
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TABLE 2

An Orthogonal Design for the Trip Experiment

T,T, T\T3 T,Z constant

CT,

T,

T,

Substituting these values into (15)

, and (A2, B%, D?) the real levels of ¢2. We
—1, 0, 1) are the correésponding levels of C and

, —2, 1) are the corresponding levels of C2.

Let (4, B, D) denote the real levels of ¢
and (16), we have:

also know from Table 1 that (

(1

(17a)

—1=0,+6,4

(17b)

0y +6,B

0=

(17¢)

1=04+0,D
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giving:
0, =1/A where A=B—-A=D—B (18)
6o = —B/A  where B is the mean value of ¢ (19)
and
1=6,+8,4 15,42
—2=6,+8,B+6,B?
1=6,+8,D+6,D?
giving:
5, = 3/A? (20)
8, = —6B/A? 2D
8o = —2+3B%/A? (22)

The formulae (18) to (22) can also be used to transform the nominal time vari-
ables T, (invehicle), T, (wait), T3 (walk) into real time variables ¢y, ,, t3 if we
substitute B; (mean value of #;) for B and A; (step change in the level of £;) for A.

The rating function estimated using OLS regression is given as equation (23).
Using the transformations (13), (15) and (16), we can rewrite (23) in terms of the
real levels of the attributes as in equation (24):

R=By +B8,C+ BTy +B3T, +P47T3 +BsZ + B C? + 8,7, +BsT,2 (23)
+B9CTy +B10T Ty + 61171 T3 + 812112

R=ay +ac+oyc? +agt; +out,2 Hasty +agty? +ayt; +agz 24)
+‘ogcty oottty toy bty Fogatz
where:
oy =[B1/A — 6BBs /A% — By Bo/(AA)]
oy =[3B6/A%]

03 =[B,/A; — 63157/A% - 359/(AA1) —'32310/(A1A2) — B3B8, 1/(A1A3)
+B12/01]

oy =[36,/A1]
o5 =[Bs/Ay — 6B, s /05 — By B10/(81 1))
o = [365/03]
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oy =[BalDy — BBy 1 /(D1 03)]
ag =[(=3/2)(Bs — B1B12/D1)]
g = [Bo/(AA)]
a0 = [B10/(814,)]
ayy = [B11/(8143)]
oy, =[-3B12/(24)))

and:

10
5

B=15, B, =30, B,=15, B,
A=1, A, =10, A, =10, A,

To calculate the value of time savings, defined as the marginal rate of trade-off
between time and cost at a particular level of (indirect) utility, other things being
equal, we take the differential of (24) with respect to travel cost (¢) and a partic-
ular type of time (for example, invehicle time (¢;)) and set the differential of
rating to zero; that is, dR = 0 (equation 25).

dR=0=0(1dc+ 20(2Cdc+0(3dt1 +2Ol4t1dtl +019t1dc+0l9€dl‘1 +a10t2dtl (253)
+0(11t3dl‘1 +a122dt1
or:

dc (a3 + 204t T g +ayofy Tyt H@y,2) (25b)

dty |R = constant (ap +205c +agty)

Similarly, we can also derive the formulae for values of wait time (¢,) and walk
time (t3) as:

de (a5 + 206t, +0y9ty)

- = (26)
d1‘2 R = constant (0(1 + 2&26‘ + a9t1)
de o, +ayqt

de. | (e ot o
df3 |R = constant (&1 T 205¢ tagty)

Values of time calculated from (25) to (27) are in ($/min.).

The left hand side of equations (25b), (26) and (27) denote the values of travel
time. These values depend on the level of cost (¢) of various types of time (¢,, #,,
t3), and on the level of vehicle transfer (z). In other words, the value of time calc-
ulated from a direct experiment is in general dependent on the levels of travel
characteristics; thus it varies from point to point in the attribute space. Individual
or group-specific values can be obtained as required.
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RESULTS

Given the opportunity to obtain a large number of time values, it is desirable to
select a particular reference point for the calculation of time value. A logical
choice is the “mid-point” of the experiment (that is, one with mean attribute
levels).

If we substitute the mean attribute levels (B, B, to Bj) for the attribute vari-
ables (c, ¢, to t3) in equations (25) to (27), we obtain time values based only on
the linear effects. This is the situation most ‘““comparable’ to the revealed prefer-
ence approach. All the terms involving 4 to f;, will cancel out. For example, in
equation (25), the numerator of the right-hand side expression becomes:

03 +204B; + B + a3 oB; ;1 By +0y,(2/3)
= [Bz/Al - 63137/A% - 359/(AA1) — By By 0/(A1A2)
— B3 By 1 /(D1 A3) + B12 /0,1 +2[3B,/011 B4
+ [69/(A1A2)]B + [310/A1A2]Bz + [611/A1A3]B3
+[-3B,2/24,1(2/3)
= B,/4,

Similarly, the denominator of the right-hand side expression becomes:

oy +20,¢ + gty =[By /A — 6BBs/A* — By Bo/(AA)] + 2[384/0%] B
+ [Bo/(AA)] By
=B,/A

This leaves the value of invehicle time as:

d
‘ = (A /D)6 /B)

dtl R = constant

which is defined by the coefficients of the linear terms only; that is, 8; and §,.
An alternative but less desirable approach is to average over all individuals the
estimated parameters of the rating function, and then use these to calculate an
“average” time value. This latter approach does not throw light on the distrib-
_utien of time values between individuals; and, besides, time values based on aver-
~ age parameters are not necessarily the same as the average of the individual-
specific time values. One should not interpret the calculation of values at the mid-
point of the design to mean that the inclusion of the non-linear effects serves no
useful purpose: their inclusion helps to “isolate” the linear effects. (In a revealed
preference approach, the unobserved non-linear effects may be confounded with
the linear ones.)
At the midpoint of the experiment, the (average) value of invehicle time savings
is 16.3 cents per person/minute, equivalent to 105% of the average gross wage
rate (Table 3). The value for out-of-vehicle time is 47.1 cents per person/minute
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TABLE 3

Time Values from the Direct Experimental Approach
(Cents per person/minute)

Values of Time

Point of Estimation: All Individuals Excluding Individuals with Negative

Attribute levels of Values on One or More Time Dimensions

each mode in the

revealed choice set  Invehicle Wait Walk Invehicle Wait Walk  Out of
Vehicle *

Midpoint Values

Mean 9.3 46.8 17.6 16.3 59.8 28.1 47.1
Standard deviation 33.7 123.2 56.7 31.8 10.5 45.2 -
% of average wage

ratet 60.3 303 114 105 387 181 305
Sample size 207 207 207 152 152 152 152

* Qut-of-vehicle time is calculated as a weighted average of wait and walk time.

T Average gross wage rate is $9.26 per hour (15.43¢/minute). Respondents with a zero cost
coefficient were eliminated.

(305% of wage rate). The ratio of out-of-vehicle time value to invehicle time value
is 2.9, which is within the range found in studies in the early 1970s (Hensher and
Dalvi (1978)).

Negative time values

In calculating the average values of travel time from a direct experimental
approach, we have excluded from the sample those individuals who have at least
one negative time value on at least one component of time. This results in the
average values of travel time being higher than that of the total sample (as
reported in the first three columns of Table 3). The discussion of the incidence of
negative time value is given below.

Negative time values can arise from inconsistent ratings and/or lack of a priori
restrictions on the form of the utility (rating) function. These factors tend to
reinforce each other. For example, lack of a priori restrictions on the utility
function means that irrational behaviour (such as upward-sloping indifference
curves — see Figure 2a) cannot be ruled out. This in turn implies inconsistent
ratings (for example, 2 preferred to 3, but 3 preferred to 1 — see Figure 2a) and
tends to aggravate the “irrational” form of the utility function. To illustrate the
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TABLE 4

Maximum Incidence of Inconsistent Ratings

Trip Rating should be > ratings of the Maximum Incidence of
Situation following trip situations: Inconsistent Ratings
1 all 26
2 12, 16, 21, 23,25 5
3 12,16, 17 3
4 18,21,23 3
5 12,17 2
6 12,17, 18,21,24 5
7 12, 16,17 3
8 12,16, 18,23, 25 5
9 12,16, 17 3
10 12,16, 17,18, 23,24,26 7
11 12,17, 18,24,27 5
13 16,17 2
14 18, 25,26 3
15 16,17, 18,26,27 5
19 21, 23,24,25,26 5
20 21, 22,23,24,26,27 6
22 23,24,25,26,27 5
Total 93

potential for inconsistent ratings in an experiment, Table 4 lists all possible occur-
rences of inconsistent rating relating to the study design. The maximum number is
93, though there are only 27 ratings in the design. (Note that one rating can give
rise to more than one instance of inconsistency.)

For the sub-sample which has only positive values the average incidence of
inconsistent ratings is 4.07; for the sub-sample which has only negative time
values it is 14.77. This indicates that inconsistent rating — though not the sole
cause — is one of several factors contributing to the incidence of negative time
value.

As one departs from the mid-point of the design, the contribution of the non-
linear terms, and therefore also the likelihood of ““irrational indifference curves”
(that is, negative time values), begin to become more significant. To illustrate
this, we count the occurrences of negative invehicle time values for various
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TABLE 5

Incidence of Negative Invehicle Time Value
for Various Points in the Design Space

Levels of Incidence of Negative Invehicle Time Value
Invehicle Wait Walk Walk Walk
Time Time Time Time Time
(minutes) (minutes) =5 min =10 min =15 min
20 5 46 59 70
25 5 40 49 55
30 5 41 38 47
35 5 58 57 72
40 5 73 74 79
20 15 63 72 77
25 15 45 56 72
30 15 38 41* 82
35 15 55 71 89
40 15 76 82 94
20 25 80 83 106
25 25 76 86 122
30 25 62 98 122
35 25 71 91 112
40 25 79 91 105

* Mid-point of the design

points in the design space in addition to the mid-point. The results given in Table
5 and Figure 4 indicate that the incidence is likely to be at a minimum at the mid-
point rather than at extreme points in the design, even though at some points it
may be marginally smaller, for example, 38 instead of 41.

The influence on the overall result of this “deviation from the mid-point of the
design” is shown in Table 6 and Figure 5. Again, the mean (and standard deviat-
tions) of invehicle time are at a minimum at the mid-point of the design. This has
implications for the application of the results from a direct experimental
approach: even though there are relatively few irrational (negative) time values
at the mid-point, the mean and standard deviation of time value at the midpoint
is also smallest. A ‘“‘conservative” estimate of time value should therefore be
related to the mid-point of the design.
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TABLE 6

Mean Invehicle Time Value for Various Points in the Design Space

Invehicle Wait Walk Time (minutes)

Time Time

(mins) (mins) 5 10 15

20 5 15.06 (35.81)* 14.33 (35.14) 14.27 (35.57)
25 5 16.86 (30.98) 14.40 (23.43) 12.97 (22.94)
30 5 19.69 (34.44) 15.97 (30.57) 13.74 (29.17)
35 5 21.73 (45.44) 22.47 (82.13) 19.97 (75.92)
40 5 32.84 (63.42) 27.61 (51.37) 24.24 (44.24)
20 15 12.60 (30.96) 11.61 (29.36) 11.793  (30.78)
25 15 11.94 (30.20) 9.48 (20.51) 10.153  (27.39)
30 15 12.78 (22.85) 9.66%  (18.39)% 9.85 (17.96)
35 15 19.75 (58.86) 16.33 (48.20) 17.85 (51.26)
40 15 25.72 (50.29) 22.12 (41.56) 22.79 (40.11)
20 25 11.64 (33.36) 10.80 (32.07) 13.35 (38.67)
25 25 10.54 (35.41) 8.88 (27.23) 13.14 (46.57)
30 25 9.31 (21.29) 8.14 (19.50) 8.96 (19.58)
35 25 16.43 (35.90) 16.08 (45.82) 21.14 (70.53)
40 25 21.68 (41.59) 21.75 (39.30) 25.41 (44.92)

* Figures in brackets refer to the subsample with non-negative values.
+ Mid-point of the design.

CONCLUSION

We have attempted to explain and assess the results of a new approach to time
valuation, the direct experimental approach, which uses experimental preference
data. Its strengths and weaknesses have been detailed. It overcomes the problem
of deficiency of data (inherent in a revealed preference approach); but it is still
necessary to decide what appropriate functional form is to be used in representing
the individual’s preference system, and what sort of restrictions are to be imposed
on the functional form to guarantee ‘‘rational’ results from an economic view-
point. This problem is pressing because, in reality, one cannot extract unlimited
information from an individual, and the quality of the information does not
remain unchanged as more information is extracted. Limited information avail-
able from the direct experiment must still be supplemented by a priori assump-
tions from theory before useful results can be obtained.
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In the absence of any better functional form, we recommend that users of the
so-called ‘“multilinear” form (Anderson (1981), Hensher (1982), Louviere and
Hensher (1983b)) should take care when translating its coefficients into economic
values of time. We recognise the usefulness of the higher order terms in separating
the non-linear effects from the linear (or main) effects. But, since it is difficult to
restrict the combination of non-linear effects in such a way that their contrib-
ution to the overall value of time is meaningful (that is, that they do not produce
irrational values), we recommend that they be excluded from the calculation. In
other words, we recommend using only the linear effects in the calculation of
value of time, even though non-linear effects are included in the model to enable
the linear effects to be estimated with more accuracy. In practice, this implies
recommending that time values be estimated at the mid-point of the experiment
only.

APPENDIX A
Experimental Procedures

Three types of experimental procedures have been used hitherto:

(1) The ‘‘priority evaluator” was developed by Hoinville and Berthoud
(1970) and subsequently applied by Saunders (1972) to derive time
values for access by train to British airports and by Wildermuth (1976)
for urban transport modes in Central Perth (Western Australia).

(2) Horowitz (1978) used a psychological scaling technique, magnitude
estimation.

(3) Hauer and Greenough (1982) used a procedure called DIME — a direct
method of estimation in which subjects are offered cash in return for
the loss of a specified amount of time.

The priority evaluator is a simulated budgetary allocation: respondents allocate
a hypothetical budget to the purchase of particular goods and services. Typically
a traveller is given levels of a fixed set of attributes defining the existing trip, and
is required to allocate the given budget to improvements which can be bought at
given prices. The procedure differs from the proposed experimental design
approach becuase it has no systematic basis for defining the matrix of combin-
ations of attribute levels, so statistical testing is relatively weak. There is, however,
an explicitly defined budget constraint.

Magnitude estimation requires an individual to supply numbers to estimate the
strength of feelings or perceptions about the issue under study. It is associated
with Ekman’s Law for subjective stimuli, which states that variability in subjective
units tends to grow as a linear function of subjective magnitude (Horowitz (1978)
386). As in the priority evaluator, the respondent is given a combination of
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attribute levels and required to assign a number to it; then numbers are assigned
to other combinations to show how likely the individual would be to use them in
comparison with the value assigned to the standard combination. Variations
include requiring the individuals to define their own standards and/or to estimate
ratios of use (Louviere (1978) 173). Pioneers of the approach (for example,
Stevens (1957)) have claimed that the numbers assigned are full ratio measures:
but Anderson (1974), among others, has argued that it is not clear that magnitude
measures have a natural zero, and also that, because categorical ratings can be
shown to obey the same empirical power law as full ratio measures, it is doubt-
ful whether the magnitude estimation data can be truly ratio scaled. Louviere
(1978), citing Curtis and Mullen, suggests that users of this technique increasingly
prefer a scale constant and arbitrary zero. Horowitz’s study adopts that assump-
tion, holding that the interval of a scale derived from magnitude estimation is
the difference in subjective magnitude between a stimulus of zero value and a
standard stimulus. Horowitz used principles of fractional factorial design, limiting
the responses to assessment of pairs.

The third approach, DIME, is an extension of the transfer price approach
developed by Hensher (1976) on the basis of an idea of Lee and Dalvi (1969).
Instead of asking individuals how much money would be required to induce them
to make a possible mode switch, Hauer and Greenough (1982) actually offered
them money in exchange for their time. There was no systematic factorial design
in the way they designed the survey and sampled the population. That is a pity,
since it would have given us the “ideal” data — an actual trade-off in a controlled
study. The cash offers were $0.50, $0.75, $1.00, $1.50 and $2.00 with time losses
of 3, 4 and 8 minutes. Hauer and Greenough had 20 cells from an 80-cell full
factorial design, with no evidence that fractional factorial principles were being
used.

APPENDIX B
The Trip Experiment
We have designed 27 ““trip situations”. Each trip situation has a different combin-

ation of trip “characteristics”. These characteristics are:
1.  Number of vehicle transfers

2. Walk time
3. Wait time
4. Invehicle time
S.  Total cost

We would like you to indicate your preference, or dislike, for each of these 27
trip situations by using a number from O to 10. Assume a hypothetical situation
with a fixed home place and workplace. (It might not be your current workplace,
because the levels could be unrealistic.)
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Answer for one row at a time
Please complete all 27 ratings for all trip situations

The rating scale is:

Very Very
Undisirable Und ei"n'able Avefage Desii'able Desi."able
0 1 2 3 4 5 6 7 8 9 10

Time Characteristics

Trip No. of Walk Wait In-vehicle Total Cost Your Rating
Situation Vehicle Time
Transfers
(minutes)  (minutes)  (minutes) $
1 0 5 ) 20 0.50
2 0 15 25 20 0.50
3 0 15 15 30 0.50
4 0 5 25 30 0.50
5 0 15 5 40 0.50
6 0 5 15 40 0.50
7 0 15 15 20 1.50
8 0 5 25 20 1.50
9 0 15 5 30 1.50
10 0 S 15 30 1.50
11 0 5 5 40 1.50
12 0 15 25 40 1.50
13 0 15 5 20 2.50
14 0 5 15 20 2.50
15 0 5 5 30 2.50
16 0 15 25 30 2.50
17 0 15 15 40 2.50
18 0 5 25 40 2.50
1 2 10 15 20 0.50
2 2 10 5 30 0.50
3 2 10 25 40 0.50
4 2 10 5 20 1.50
5 2 10 25 30 1.50
6 2 10 15 40 1.50
7 2 10 25 20 2.50
8 2 10 15 30 2.50
9 2 10 5 40 2.50
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