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Abstract
Deployment of advanced technologhess enabled wirelessternetaccess for
commuterson varioustransportation mode&uch networked environmertiave
enabledidersto engage in productive activities in tran$iie ability to peform
activitieswhile traveling,especiallypaid work may significanty affect the value of
travel time(VOTT), with potential impacts on mode choice and commute pattierns.
this study, we develop a mda# theVOTT grounded in utility theory and acttyi
choice analysis

We use an efficiency factor which represents the ratio of the efficiency of
working on transit to the efficiency of working at the workplace. This efficiency factor is
used extensively in our models. Internet connection is expeciecréase factor
efficiency by providing access to real time information and enhanced communication.
The model developed is used to exploredfiectson VOTT of working in an enhanced
networked environment while commuting. The results sti@t utility increases and
VOTT decreases with increase in #feciency of work while in transjtas is intuitive

An indirect utility functionhas been derived to represématvel on modewith
internet access. Bhderivationpermitsanelegantntroduction ofinternet access as an
attribute in utility based choice models.

Finally, the proposition that internet access may influence mode choice is
corroborated by a survey conducted in June 2005 on Capitol Corridor trains.

Keywords: value of travel time, activityhoice model, wireless internet connection,
indirect utility function, transit



1. Introduction

Advances in the technology of wireless communicatisash as wireless
fidelity (WiFi) connections on transportation modes have increased the opportunity for
riders to engage in productive activities while in tranalireless internet connections
have allowed riders to conduct business or connect to websites for personal, leisure, and
entertainment purposes. The benefits of wireless internet access can alsmbedsto
the operators. The infrastructure and internet access could be used to improve ticket
collection, bundle valuadded services, and implement services for improving
operational efficiencies. The service could also be used for improving puletig aafl
security.

Due to its immense use to the riders, wireless internet service is poised to be
introduced to many rail systems in the near future. According to some industry
estimatesmost rail system riders in North America and Europe are expecte/¢
onboard wireless internet accesghe next five to ten yearSome services are also
offered on a commercial bagisbetween Paris and Brussels on the Thalys high speed
trains(Kanafani, 2005)While mostly applicable to trains, some buses augpped with
this service too, as are the Western Contra Costa Transit Authority buses.

The opportunityof working while commutingould have fareaching
conseqguences on the choice of mode. The ability to use travel time to perform a
productive activity sch as paid work will affect the value of timerafers. If the
benefits are found to be substantial, this could shift the focus away from decreasing the
doorto-door journey time to improving the ride, such that the possibility of work or
leisure is enhaced. This may include better seats, provision of table supplies and
electrical outlets for laptop computers.

For transport professionals, its most important effect could be a possible change
in the relative advantage of public transportatmimportant determinant of mode
choice, the value of travel tim&QTT) has the widely accepted definition as the
amount of money dder is willing to pay for a saving of time in trav@lilain and
Bhandari, 2002, Jashiaz and Guevara, 2008hile remaining equly well off. In
contrast to this definition based on tiseved thevalue of time for activities other than
travel is usually measured by the tisgenton those activities. That is, notwithstanding
the field of work in the positive utility of travel, {€hardson, 2003, Mokhtarian, 2005),
time in transit has a negative utility for many, whereas time spent on most other
activities has a positive utilitythe ability to engage in a productive activity while in
transit will therefore loweVOTT.

In this paer we studythe effect of addingvirelessinternet acces® transit
modes on VOTTThe core issue being goetime substitution, we model the effect of
work in transit using activity choice models along the lineBaxtkerand DeSerpa
among many other8gécker, 1965, DeSerpa, 197While this effect may be studiday
including internet access aslummy variablén a mode choice modéhe use of
activity choice modal permitgreater understanding tife relationof in-transit work
time with other activy times. The studprovides a basis for exploring the effect of
internet acces®n a broader set of activities and choices including leude-
shoppingin addition to the effect on work that is the subject of this studyinchesct
utility function for mode choice is derived from the activity choice model framework



following an approach proposég Train and McFadden, 1978

The paper is organized as follovihe relevant background literature is
discussed irsection 2In Section 3, several actly choice models are formulated.
These models and the VOTT derived from them, repreakergffect of work in transit
parametricallySubsequently, we illustrate some numerical examples. In Sectioa 4,
results of a survey conducted on CCJPA trainsanemarized to assess usersO
willingness to pay. In Section 5, tk&tension of the activity choice model and the
implication of internet access on mode chaioe exploredSection 6 concludes the
paper with a general discussion and identificatiofudher work.

2. Background

Much of the literature on activity choice analysis bsidt BeckerOs seminal
work (Becker, 1965and its further development by DeSerp@71 The basic model is
one of utility maximization subject to constraints on money and ltimdgets. In the
original form Becker considered utility as a function of final activity bundles that are
combinations of market goods and time spent in their consumption. DeSerpa introduced
an additionatechnological constrainhtended to reflect the mion between the
minimum time needed and thenountof an activity that is consumegctivities for
which this constraint is not bindirayeleisureactivities(DeSerpa, 1971PeSerpaOs
approach is formulated as follows:

MaxU(X,T) (1)
Y-PX>=0—>41 2)

n 3
T°-NT =0—>y 3)
IzalX, =k, (4)

In thisform U is the utility function X, the vector of goods consumed, antthe vector

of time spent in consumptioR.is the price vector andis the total incomer’ is the

total time availablendT; is the time spent consumitige Fth goodof then good

(activity) bundles. The technologically or institutionally determined minimum amount of
time required to consume one unit6fis represented & ",/ , and/ , are Lagrange
multipliers so thafA is the marginal utility of incomé, the marginal utility of time,

!'.the marginal utility of savingrhe in thei-th activity,andthe ratio/ ,/! is the value

of saving time in-th activity.

Eq. (1) represents the objective function for maximization of utility as a function
of goods and time. Eq. (2) represethts income constraint and Eq. (3), the time budget
constraint. The technological constraint is represented by Eq. (4).

To use this model for the evaluation of VOTT, JBiaz and Guevar&003,
proposed a CobDouglas utility function andenoted travetime and travel cost as
distinct variables. The model follows:

MaxU = QT T4 T[T H X (5)
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I is a utility constant]w, T, T; are the time bundk spent on work, travel, and other
activities respectivelyX is thek-th commodityPy, the price of thé&-th commodityw,

the wage rateandc; the travel cost! is the time budget an™" is the minimum time
required for trael. | is the set of all activities except work and travel Knd the set of

all goodsé,,,0,,6, and! , are parameters corresponding to work, travel, other activities

and goods respectively. The Lagrange multiplierstagesame aBeSerpaOs model, with
!'. representing marginal utility of saving time in travi in the previous model, Eq.

(1) represents the objective function, Eq. (2) represents the income constraint, Eq. (3) the
time constraint, anéq. (4) the technological constraititis to be noted that in this

form, T; represents pure travel time with no activity being performed during travel. Also,
travel time is the only time bundle for which a technological constraint has been
consideredln travel, theechnological constraimepresentgxisting technologieand
boundaries, as a result of whighminimum travel time between two pladgestipulated

When travel has a positive ultility, i.e. for leisure trips, the constraint is not binding.

3. Modeling the Valueof Working in Transit
To model the effect of working while in trangie modifythe JareDiaz and
Guevara, 2008nodel by introducing the activi@work in transit@t) and adding the
time spent working in transit, into the relevat elements of the utility maximization
problem. In the following subsections, we develop some alternative models of both pure
travel time and hybrid workravel time and explore the form of the VOTT calculated
from these models. The complete set of medelepresented diagrammatically in
Figure 1.

Cobb-Douglas Models |

Jara-Diaz (2003) model fully -constrained model
I
I | | |
i) pure travel time iif) work -in- ii) pure iv) work -in-
transit travel time transit

Linear Models
v) Pure travel time model
vi) Work-in-transit model

FIGURE 1 Representation of the models



3.1Pure Travel Time Models
The first pure travel time model ig@statanent of the Jar®iaz and Guevara,
2003model It is referred to subsequently medel().

MaxU =T T*T" X/ (9)
’T, $pX $c, #0" ! (10)
"$T, ST, $T =0# ! (11)
T $ST™#0" !, (12)

For this and all subsequent models iis taper Ty, T;, T) are the time bundles spent on
work, travel, and other activities respectivélys the commaodity bundig, the price of
the commodity bundle, the wage rategndc; the travel cost! is the time budget and
T is the minimum time required for travet, 8,y and! are the utility elasticities of

work, travel, other activities and goods respectively, and the Lagrange multipliers are the
same as in the previousodel If m = T™" /T,, the VOTT obtained from thismodelfor
compulsory, notleisure travel such as work trips bindingtechnological constraint is:

%  pX[("/T)&(( /T 13

$ # #‘I’I #-I-tmln
Itis evident that VOTT is directly proportional i, thetotal spendingand inversely
proportional to! andT,"" the minimum stipulated travel time and twatribution of

the goods bundle to the utility. It is also inversely proportional &mdT,, i.e.the

product ofleisuretime and the contribution of the goods bundle to utilltyis is
consistent with other studies of the value of travel time suéhidsrdson, 2003, which
finds that high income riders with a greater value of consumption bundle value their time
more and e willing to pay more to decrease travel time, as compared to the Oincome
poorOAlso, for the Otime riché3 total leisure time increasésbecomesncreasingly
less important to pay a high amount to reduce travel time. aNithcrease in total trave
time, arider would want to payncreasinglyless foramarginal decrease in travel time.
The fact that it is inversely proportionalttee coefficient of the market good in the
utility function is intuitive. When the market good contributes a largeesbfaariderOs
utility, time contributes a relatively smaller share and as,SUEA T is not very high.
The above result of VOTT can bestated in this alternatiierm:

$, _T,("T, WT™) (14)

# 0 T™(T %WT,)
This illustratesthe manner in whicWOTT varies diectly with incomerT . Another

simplification can be obtained by letting the raflgsT, -n andT,""/T, = m, whichyields
the following expression for VOTT
$, _m(" %m) (15)
#  m1%n)
Contrary to expectation/OTT decreases with ¢hincrease ithe ratios of travel time to
leisure time. A likely explanation for this result is ththe population witta high ratio of
commute time to leisure time representsltivgerincomegroupwith the longer




commute time. However, the model aldwmws thatthe higher the ratios of work time to
leisure timethe greater the VOTT, sinseich characteristics are possible indicators of
the higher income working population

For the case of leisure tripsince the technological constraint is notdimg,
VOTT is zero forT; > T{"" at optimality becauseé, is zero.

Model (ii) is obtained from model (Ry adding hreetechnological constraints.
The first Eq. (16)places a lower bound’(™) on work time, Eq. (Z) relates leisure
time to consumption of a goods bundied Eq. (18) places a lower boudxd"() on
bundles of goods consumptidviodel (ii) with the additional technological constraints
is as follows.

MaxU =T T*T X,

Im,-pX-c,z0—42

"$T, ST, $T, =0# !

T$T™#0" !,

T, $TM#0" I, (16)
T, $bX #0" I, (17)
X g XM | (18)

X

Interpretation of théechnological constraint relating to time at warkhat at the
margin a minimum amount ahstitutionally determined time needs to be spent for
work. For those with a positive utility of work, the constraint is not binding. Similarly
the constraintelating time and consumption stateat a minimumamount oftime must
be spent for consumptiai a certain goods bundle, attids timecanbeexceeded for
leisure activitiesThe technological constraint relating to consumption states that
consumption may be greater than or equal to the minimum necessary consumption. For
instance, a person may inide in buying four shirts where one was necessary. It is
assumd that at optimalityT,=T,,/"" , T>bX andX> X™", that is the technological
constraint relating to work time is binding at optimality wherbasother two
constraints are not binding. Alsthe minimum constraint on consumption is not
binding.VOTT obtained frommodel (ii) is the same as that obtained froradel (i), Eq.
(13). However, due to presence of additional constrathtsdirect proportionality to
income, i.e. Eq. (14)annotbe \erified.

The next discussion involvéise effect of combining paid work during traviel
the CobbDouglas model

3.2Travel Time Models with Work in Transit
Model (i) andmodel (ii),developed in the previous sectiane modified in this section
to indude T, the time spent working in transit. Modifyimgodel (i)results in the
following restatement of the utility maximization probleeferred to subsequently as
model(iii) :

MaxU = (T, & T,)"(T, &T,,)° T,

m,$pX$c #0" !



"$(T, ST, )ST, ST, =0# ! (20)

T, $Ttmin #Oo" I,
in whichfis an efficiency factotdensher, 1977, introduced the concept of Oproductivity
of work done while traveling relative to that at the workpladépostulate that
working while traveling has an efficiency facto(0! f) such that the work done in
time T, while traveling is equivalent to work done in tinié,; at the fixed workplace.
The value of depends on the nature of work, i.e. &xéent to which thevork can be
performed in transit anaway from the fixed office locatioAllowing f>1 captures the
possibility that transit provides a preferred venue for working since there is no
interruption from colleaguedlodel (iii) is valid under the condition th&t0.

From the first order conddns, the following expression is obtained for the
VOTT:

9% _#IT,&" (T™ &T,,) (21)

$ ' pX

The expression yields that VOTT is independent of the coefficient of work
time,! , the coefficient ofravel time! , and the oefficient of time of work in transit,

I 'Hence VOTT will be the samerhether or notime of work in transits weighed the
same as work time, travel time or ditéetly in the utility function. Model (i) Eq. (13)
may be modified t@btain the following form of theOTT:
% _#IT &"IT™ (22)
$ !I'| pX
On comparing Eqg. (21) and Eq. (22)isi evident that for a positive value Bf;, the
model shows aductionin VOTT as compared to the pure travel time modsla result
of the abiity to work while in transitThe result obtained frommodel (iii) shows that the
VOTT is independent df
Model (iv)
The technological constraints represented by Eq. (16), Eq. (17), and Eq. (18) in model
(i) also apply to model (iv)Model (iv) with the additional constraints is as follows.
Ma‘XU = (Tw - fth)a (]—; - th)ﬁ TM(?ITVIYX/?
T, $pX$c #0" /
7= (T~ M) -T-T =0—y
T, $Ttmin #Oo" I,
T,$TM™ #0" |/
T, -bX=0—k,
X#XmM "

X
This model would include a furérconstraintEq. (23),which representthe norwork
component of travel timesuch as waiting time, out of vehicle travel time etc
T,$T, #a" !, (23)

In addition, theres anonnegativity constrainbn time for work in transit.

w



T, #0" I, (24)

Same assumptions are made on the complementary slackness conditions at
optimality. At optimality, it is assumed that a rider spends the minimum required time on

travel, T = T™",x, > 0, and on work at the workplacg, = T,”",«,, > 0. During the

commute, the rider effectively utilizes all possible time on work, i.e. all time except
waiting time, out of vehicle travel time efg§,! T,, =a,”,, >0. The rider spends more

than the absolute minimum time on consumptifn; bX,x, = 0,and the number of
units of consumption is also not bound to be the minim¥im X™,/ =0. Further,
time of work in transit is positive],, >0,/ , =0.

TheVOTT is obtained as follows:

S _pXEW ). ) f_f (25)

A TV SE—
! + /0 T} th T'w I fth "
In the form of VOTT obtained in Eq. (25YOTT decreases witAnincrease in
the value off, if y is large as comparedda This is equivalent to the decrease in

VOTT due toanincrease in the efficiency of work dug travel for thoseiders, for
whom time spent in othgleisure)activities contribute a greater proportion of positive
utility than that spent at work. The VOTT calculated in this case is less than that
n I

calculated for the model withoi; if f—$+i% f <—

T T. T,%fT, T™

It is clear thatas compared to model (iilnodel(iv) better represesthe

manner in which/OTT may be affected by the introduction of technologies that enable
work in transit.

3.3Numerical Illustration with a Linear Utility Func tion
To develop a numerical example we adibgtlinear utility functionalong with
the constraint fomodel(ii) and mode(iv) to find the change in VOTT.

3.3.1Pure Travel Time Model
A greater number of constraints are required for the lifoear than for the Cobb
Douglasform to ensurdghat none of thgoods and time bundlés zero at optimality
The linearform of the activity choice model representing pure travel tiefierred to as
model(v) follows:
MaxU =9%+$T,, + #T, + T, +! X (26)
T, $pX$c #0" !
"ST, ST, $T, =0# !
]’; $ ]'vtmiﬂ # 0 n !
T,$T™ #0" !
T $bX#0" 7,
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On makingthe same assumptions on the complementary slackness conditions at
optimality as in mode(ii) VOTT is obtinedas:
% _ p(#&") (27)
$
Thisis directly proportional to price of the market good and inversely to its coefficient
in the utility function as in the case of the Cdbbuglas utility function. VOTT also
increases with increase in the coeéfit of time for other activities in the utility function
and decreases with increase in the coefficient of travel in the utility fupnesas
intuitive.
3.3.2 Travel Time Modelwith Work in Transit
The linear model representing effect of work in triaissformulated as:
MaxU =&+ 9T, " fT,)+%T, +#(T,"' T,)+"T +/X (28)
rT,$pX$c #0" !
"$(T, ST, )T, $T, =0# !
T.$T™ #0" !
T;$th#a" 'th
T,-T, " 20—k,
T -bX=0—k
X#Xm™ "
T, #0" I,
As in case of the Cobbouglasmodel| thismodelis valid only for values of>0. The
assumptions on the complementary slackness conditions at optimality are same as that in
model(iv). The VOTT obtained from this equation is:
oo p#EH( 28 (F(#(")] (29)
& !
In this form,the VOTT decreasewvith anincrease in the value &flt also decreases
with anincreasen the value of , the coefficienof travel time It increases with
increase irp, theprice of the goods bundle,, the coefficient of work timand! , the
coefficient oftime ofwork in transit It also increases withnincrease in the value 6f
the coefficient of time for other activitiexcept for the cadel when the VOTT
becomes independent/of
Since d the coefficients of the different time and goods bundiesincluded in
the VOTTIt is important thaf,x have a coefficiendifferentfrom that of travel time or
work time. TheVOTT obtained is less than that obtained from m@deif:
O<p+f(y-a)
For both expressions of VOTT calculaiadhe linear utility modelit is
observed that VOTT is directly proportional to the price of the market good and

inversely to he coefficient of the market good in the utility function. Recall thiatis
similar tothe CobbkDouglasform of model (iv)

t

X
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In the next sectiohis variedparametrically for the model with linear utility
function to evaluate the effect of internetass on the value of time.

3.3.3Numerical Example

A numerical exampleassuming hypothetical coefficientsypothetical valuesgnda
linear utility function,is used to illustrate the effect wbrk in transit With nowork in
transit,theutility maximization problem is as follows.

Numerical Examplél)

MaxU = 5T, +3T, +3T, +3X (30)
20T, " 5X" 6! 0 (31)
24/ T I TIT =0 (32)
T"1!1 0 (33)
X"3r10 (34)

Eq. (30) represents the objective function withitytés a linear function of time
allocated to work, travel, leisure and the goods bundle. Eqg. (31) represents the income
constraint in which the personOs wage rate is 20 muorisyunit time The price of
goods is 5 monewnits, and that of transportati@r6 moneyunits. Eq. (32) represents
the time constrainith a cap at 24 timenits. Eq. (33) represents a technological
constraint in which the personOs travel time is exogenously constrained to be a minimum
of 1 time unit. It may be longer if traved perceived as a leisure activity. Eq. (34)
represents the other technological constraint in which consumption of the goods bundle
is endogenously constrained to take a maximum of three times the leisure time, or
alternatively, leisure time is at least timae required to consume ottard of the goods
bundle.
The solution to this is as follows:
U* =2088
T, =1T, =1297,T, =10.03 X =3891
VOTT=K,/" =16/! 0.2=30money units/unit! time
Now assumingpresence oihternet accespermitting work during travel, with

= 0.8, the utility maxmnization problem is as follows.
Numerical Examplé2)

MaxU =5(T, 1 0.8T,, +T,)+3(T ! T,)+3T +3X (35)
207" 5X" 6! 0 (36)
241 (T, 1 0.8T,)! T.I T, =0 (37)
T"110 (38)
X 3T <0 (39)

In Eq. (35), the utility function is a linear function of the work time, work inditatime,
leisure time, travel time, and the goods bundle. The ratio of efficiency of work during
transit compared to work at the workplace is 0.8 (Eq.(36).

The solution to thigxampleis:

U* =214
T, =1T, =1343T, =1037, X =4029T,, =1
VOTT=K,/" =10.8/! 0.2 =4units/unit! time
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The results obtaithat with the presence of internet allag the overlapping of work
with travel, the value of utility increased from 20818tsto 214units The VOTT
dropped from 3@noneyunitsper unit timeto 4 moneyunits perunit time  Forriders
who can work at an efficiency of 0.8 during commasettat compared to the
workplace the value of internet access will be equal to the difference between the two
VOTT, i.e. 26units If internetservice is priced at 26nits the pricing would extract all
the rent from the provision afiternet connectiarAlternatively, ifit is priced at less
than 26 units then there would be a modal shift in favor of th@dewith the internet
connection

While the focus of this study is on work in a networked environment, many
activities are already carried out in transiabsence of the wireless internet connection.
These activities, such as reading, writing, knitting etc. are already carried out constitute
work in transit. As such, for all practical purposes, there is no pure work situation, and
the difference in VOT will be for two situations of work in transit, one in a networked
environment and the other without. The difference, as such, will be less steep.

For various values dfin numerical exampl€2), the values of VOTT and utility
are shown in Table 1t is observed thatii increase in the value &fthe VOTT
decreases and the utility increasdse decrease in VOTIE linearas is also evident
from theparametric fornof VOTT. At f=1, i.e. at efficiency equal to that of the
workplace, the model accurbtegields VOTT to bezera

TABLE 1 Values of VOTT and objective function for different values of f

f VOTT VOTT Utility
($/hr) (% of hourly wage
rate)

0 (no work -6/-0.2 = 30 150 208.8
in transit)

0.5 -2/-0.2 =10 50 212.8
0.8 -0.8-0.2=4 20 214

1 0/-0.2 =0 0 214.8

4. Findings from Historical Data and a Survey Conducted aboard San Jose
Sacramento Train

Historical ridership data obtained from Capitol Corridor Joint Projects Authority
(CCJPA) for the period September 2004 to March 2005 revealstsemals in ridership.
Weekday ridership ranged from 3000 to 5000 trips per day, and weekend ridership
ranged from 1500 to 2500 trips per day. Regarding travel frequency, it was observed that
just over 50% of riders who travel over 20 times a year are ardiiy commute to
and from work. It is likely that is wireless internet connection is provided; this 50% will
be the pimary market of the service (Kanafani, 2005)

A survey was conducted on the CCJPA San Jose to Sacramento train to assess the
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possiblemarket for wireless internet connection on trains for over one week in July
2005. The average travel time is 99 minutes (minimum 15minutes, maximum 256,
standard deviation 37 minutes), the average number of trips per year is 150 (minimum 1,
maximum 720, sl 178). Of the 1092 responses received, 50 % of the population travels
more than 94 times a year and 50 % of the population travels more than 50 minutes per
trip. 65% of the riders expressed willingness to use the service if free and 26% would
pay for it.27% expressed interest in increasing the number of trips if the service is
introduced67% were business riders and 33% werelmasiness riders. Of the business
riders 44% expressed willingness to pay for the service and 56% would use the service if
it were free. Of the nousiness riders, only 20% expressedrggeto pay for the
service (Kanafani, 2005)

The survey revealed further information on the willingness to pay based on the
duration and frequency of the ride. The information based on theatucdthe ride is
shown in Table 2 and that on the frequency of the ride is shown in Table 2.
TABLE 2 Potential usersO willingness to pay based on duration of ride (business
users only)

<80 minutes 80-185 minutes >185 minutes

Percent business 26 51 54
riders wiling to pay

for service

Percent business 74 49 46
riders willing to use

service only if free

Total 100 100 100

It is evident that the commuters with longer trip lengths are willing to pay to use
internet on trains so that they could convkeir travel time to useful work time.
Commuters with shorter trip lengths whereas, do not feel compelled to pay for using
internet on trains.

The survey also revealed information on the preferred strategy of payment,
hourly, daily, monthly or per trigs well as the amount that the users would pay under
each category of payment. This information has been segregated as the mean flat rate for
the occasional, average and frequent commuters. For the hourly rate, the occasional
riders are those who travelrfless than 60 minutes one way and the frequent riders are
those traveling for more than 312 minutes one way. Those traveling between 60 and 312
minutes one way constitute the OaverageO rider. For charge by day, those traveling
between 20 and 80 times aayeonstitute the average rider, those traveling less than 20
times, the occasional rider and more than 80 times, the frequent rider. For charge by trip,
those who travel less than 99 times a year constitute the occasional user and those
traveling more thathat are the frequent user. The monthly charge has been determined
on the basis of data for time connected. The occasional users are those who propose to
connect for less than or equal to 80 minutes and the frequent user are those who propose
to connector more than 80 minutes. The average user has been calculated by finding
the mean of all passengers who preferred to pay using the monthly mode of payment.
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TABLE 3 Potential usersO willingness to pay based on frequency of travel

Occasional Frequent OAverageO
rider/user rider/user rider/user
Maximum price per 3.42 1.92 2.84
hour ($)
Maximum price per 7.2 5.02 6.41
day (%)
Maximum price per 5.42 3.18 4.44
trip ($)
Maximum price per 18.33 26.34 20.32
month ($)

Except for the case of monthly paymentall cases the occasional rider agreed to a
higher rate than the frequent rider. Since, for the monthly payment, the willingness to
pay is calculated on the basis of number of hours connected, the frequent user averages a
higher sum than the occasionaku

Different types of commuters would have different preferred modes of payment.
The frequent rider would find it economical to buy a monthly pass, whereas the
infrequent onevay commuter traveling for one hour or less would prefer the hourly rate.
Theinfrequent commuter with duration of trip longer than two hours will prefer the per
trip charge. Of the previous category, those who will make more than one trip on the
same day, for instance a return trip, will prefer the daily pass. Table 3 shows the
willingness to pay of potential users. Except in the case of charge by month, in all cases
the frequent rider agreed to a lower flat rate than the occasional rider, so as to reduce
overall costs.
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FIGURE 2 Demand curves for the different myment strategies

Figure 2 shows the plots of the demand curves for the different payment
strategies. All plots exhibit a gradual slope in the lower price ranges but a steeper one in
the higher price rangeSince marginal cost is zero in these casescan assume that
the price at which revenue is maximized will be the information obtained from the
demand curve.

77% of the riders possess high speed internet connections at home. As such, to
accelerate userOs adoption of the internet connectivityeservicain, the service needs
to be offered based on an infrastructure with higher bandwidth and a secure operational
environment. However, existing wireless technologies can only offebéwdwidth
infrastructure as a viable communication option. .

5. The Indirect Utility Function and the Mode Choice Model
Train and McFadden, 197@ustrate two alternative methods of estimating the indirect
utility function for a mode choice model from a Becker type activity choice miodel.
the first methodthe optmal value ofT,, is obtainedand substitigdin the utility
function. In the second method the expenditure function is first estinvsiéedsed the
second method to derive the indirect utility function for the GDbhglas models, (ii)
and (iv). However, th indirect utility function foithe linear utility functiorcould not be
derived since the process of differentiation rids the expression ofathi@bles

ForEq. (9),theCobbDouglas utilityfunctionrepresenting pure travel time, the
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form is first mdified to include the inequality constraimtsmodel (ii)that are assumed
to be binding at optimality. This leads to the followfiogm of the utility function:

U = T;inaﬂminﬂZan
The indirect utility function, as calculated by first finding the engliture function is:
Y, = Ar@#$T™) $c ]

where A= T T 1— Ly — 1T
v D)

The CobbDouglas utilityform representingvork in transit Eq. (19), ismodified
to include the inequality constrairdémodel (iv)assumed to be binding at optimality
as fdlows:

U :[Tv\rlnin & f( tmin &a)]%a$( tmil‘l &a)#-rl”xl

The indirect utility function in this case, also calculated by the expenditure
function method as explained in Train and McFaddms(
Y, =Blr#$T)$c]"™

. ) . " !
h B= Tm|n&f mln& % m|n& $ A% " . !
whereB = [T, & (1" &a)l (1™ &a)*a’ [T [
The indirect utility function derived from the activity choice models lends itself to an
elegant representation of work in transit.
The probability of choosing theodewith internet connectiofmode 2)

assuminglogit model is:

e"
P(Y) = ~—

e

Yl +eY2

gBlr T8 ]

Alr (#8186 1)

e Br (#$T,"")$c, )

+e
6. Conclusion & Discussion

Using activity choice models, this study shows that combining work with travel
increases the utility of the rider and reduces VOTIE @xtent of thiseffect depends on

the form of the utility function. For Cobbouglas utilitiesVOTT depends on the

various activity times, consumption patterns, efficiency factors and the coefficients in
the utility function. In the linear utility models VOTT depends on the efficiency factor
and coefficients only.

The difference in VOTT obtainebeween work in transit and no work in transit
situations, may be used to guide the development of a pricing scheme for a service, like
wireless internet connection that aids the possibility of work in transit.

This study als@xploresa methodology of eshating the indirect utility function
from the activity choice model so as to formulate a raduzgce model.

This study and others (Kirby, et.al.2007, Zhang, et.al. 2006) have shown that
adding possibilities of useful activities to travel is benefithdth wireless internet
connection becoming ubiquitous in every sphere, adding to the scope of work in transit,
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this study is an introduction of a new research agenda. There are many possible benefits
and disbenefits to the phenomenon of deployment ofneteonnection on trains and
transit. The concept of the mobile office could change our perception of travel, and shift
the focus from the speed of travel to the comfort and convenience of travel.
However, introduction of internet service will not neeesg affect every rider.
Those with short commutes, with commutes in crowded buses or trains, or with many
transfers will not gain much. Many work types for instance that of assembly line
workers have little benefit from an internet connection. Finaltgrnet users tend to
have higher incomes and more education than the average person (GAO, 2001). As such,
only those systems that serve a majority of such riders could use it.
While recognizing that there are many riders who will not use the setvige, t
is a possibility that the mobile office environment may affect the enjoyment of their
travel time adversely (Zhang, et.al. 2006). For those who will use the service, the shift of
focus away from the duration of commute time, may cause riders to ad$one
distances from their place of work causing urban sprawl and its associated disbenefits.
Future workon this studywill focus onvalidating the models with data and
exploring the effect ahnin transit internet connection on travel choices ¢ftabeyond
mode choice. This includes valuing the benefits of in transit internet access and
exploring the effects on horworkplace vocational dynamics.
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