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ABSTRACT

Travel-based multitasking, or the performance of activities while traveling, is more feasible than ever before, as
the expanding availability of shared ride services and increasing vehicle automation coincide with the ubiquity
of portable information and communication technology devices. However, the question of whether, and if so, how
these increasingly blurred boundaries between activities are truly helping rather than hurting us is not presently
well-understood. Using an attitudinally-rich travel survey of Northern California commuters (N = 2500), we
develop a conceptual and empirically-based framework for studying benefits and disadvantages of travel-based
multitasking. Through latent variable models of reported benefits and disadvantages of activities conducted on a
recent commute, we identify constructs associated with hedonic and productive benefits, and with affective and
cognitive disadvantages. This empirically-developed framework informs the definition of binary variables in-
dicating the presence/absence of each construct for a given traveler on the commute in question. We then
present two bivariate binary probit models that examine the effects of person and trip attributes such as per-
sonality traits, chosen mode, commute preferences, and activities conducted while traveling on the presence of
those benefits and disadvantages, respectively. Notably, we find evidence that conditions/activities that may
facilitate multitasking benefits can also simultaneously yield disadvantages; for example, several activities —
conspicuously including talking on or otherwise using a phone — increase the probability of receiving benefits
while also increasing the probability of experiencing cognitive disadvantages. This finding resonates with the
general multitasking literature, and empirically corroborates the suggestion that travel-based multitasking may
not uniformly increase trip utility.

1. Introduction

(ICTs), which support an unprecedented feasibility of travel-based
multitasking; together with (b) the increasing “passengerization” of

Not all time is equally useful, and the viability of a certain time
window for the execution of “desired” activities strongly influences the
value of that time (DeSerpa, 1971). The extrapolation of this time al-
location principle to travel time has yielded a slowly percolating un-
derstanding that as travel time becomes either (a) inherently more
enjoyable (Mokhtarian and Salomon, 2001; Ory and Mokhtarian,
2005), and/or (b)increasingly more viable for travel-based multi-
tasking (i.e. conducting activities while traveling) (Lyons and Urry,
2005; Watts and Urry, 2008), the utility of travel time can increase,
thereby diminishing the motivation to reduce it, i.e. reducing the value
of travel time savings (VOTTS) (DeSerpa, 1973; Ettema and Verschuren,
2007). Consideration of these implications is increasingly critical due to
the confluence of two technosocial trends: (a) the ever-expanding reach
and capability of mobile information and communication technologies
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travel — exemplified by the onset of vehicular automation, coupled with
growing (albeit demographically and geographically uneven) market
penetration of ridesharing and transit — which presents unprecedented
opportunities for travel-based multitasking (Ben-Elia et al., 2018;
Fraunhofer IAO and Horvath & Partners, 2016; Hathaway and Muro,
2017; Mokhtarian, 2018).

Prior work in this field has primarily treated travel-based multi-
tasking as an explanatory variable, examining its influence on traveler
attitudes and behaviors such as trip satisfaction and mode choice. Here,
we reframe the focus of attention by treating travel-based multitasking
as a choice, with outcomes that may yield different types of benefits and
disadvantages to travelers, and thus which has the potential to both
increase and reduce the utility of travel time. We then seek to better
understand those outcomes, by casting them as the dependent variables
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of interest. Specifically, we first extend the conceptual understanding of
travel-based multitasking through latent variable models used to em-
pirically identify a typology of constructs underlying benefits and dis-
advantages. Using the constructs so-ascertained to create variables in-
dicating the presence or absence of each type of outcome, we then
estimate two bivariate probit (BVP) models that account for the effects
of sociodemographic characteristics and personality traits, chosen mode
and mode attributes, commute preferences and expectations, time use
patterns, general and multitasking attitudes, and onboard activities on
the benefits and disadvantages (respectively) experienced due to travel-
based multitasking.

We structure the remainder of this work as follows. First, we present
an overview of the travel-based multitasking literature, where we have
synthesized the major veins of thought in the field, laying a foundation
for our conceptual approach to further understanding travel-based
multitasking as a choice behavior. Next, we discuss the dataset utilized
for the purposes of this analysis, and summarize key descriptive sta-
tistics needed to contextualize our findings. We then present and dis-
cuss the latent constructs identified, and models developed, for the
benefits and disadvantages of travel-based multitasking. We follow the
results with a discussion that integrates our findings and close with an
overview of the limitations and contributions of this work.

2. Literature review

It is no accident that early, seminal works on time allocation in
economics routinely featured a treatment of travel time (Becker, 1965;
DeSerpa, 1971; Truong and Hensher, 1985; Winston, 1982), and that
well-known economists would write the first dedicated works on travel
time and its implications for behavior (de Donnea, 1972; DeSerpa,
1973). One reason for this special attention to travel time allocation is
the ease of other activities being overlaid upon, as well as interleaved
within, that time (Circella et al., 2012), especially when traveling as a
passenger. Accordingly, there exists a robust (and growing) body of
work on travel time allocation and travel-based multitasking, made all
the more pertinent as the feasibility of, and opportunities for, travel-
based multitasking continue to increase. Here we synthesize the main
perspectives from which travel-based multitasking has been studied,
respectively examining its effects on individuals’ evaluations of travel
(ex. travel satisfaction, trip pleasantness), travel preferences and
choices (ex. mode choice), and valuation of time spent traveling.

2.1. Effects of travel-based multitasking on individuals’ evaluations of travel

Travel is an integral part of most people’s lives, whether engaging in
routine trips such as commuting to/from work or partaking in “special”
trips such as vacation travel. As such, overall trip experiences/sa-
tisfaction can have substantial impacts on quality of life measures (De
Vos et al., 2013; Mokhtarian, 2019; Mokhtarian and Pendyala, 2018;
Olsson et al., 2013; Zhu and Fan, 2018), and can influence important
decisions such as job/home location and vehicle ownership (Cao et al.,
2009; De Vos et al., 2016). Consequently, the investigation of personal
evaluations of travel is of great interest and value to transportation
researchers and forecasters, and travel-based multitasking is increas-
ingly being incorporated as a key explanatory variable within these
studies (Mokhtarian and Pendyala, 2018). A sizeable body of work has
found that travel-based multitasking improves travel satisfaction, travel
experiences, and/or “experienced” utility across modes (Eiré and
Martinez, 2014; Ettema et al., 2012; Mokhtarian et al., 2015; Rasouli
and Timmermans, 2014; Rhee et al., 2013; Russell, 2012; Susilo et al.,
2012); however, there are nuances to these findings that should be
noted.

For example, Rasouli and Timmermans (2014) reported that activ-
ities conducted before the trip appear to influence the effects of travel-
based multitasking on trip experience, while Ettema et al. (2012) found
that trip destination (i.e. home versus work) can similarly influence the
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effects of activities on travel satisfaction. Ettema et al. (2012) also
found that differing activities (ex. talking to other passengers versus
entertainment) yielded varying effects on satisfaction with travel, and
suggested that this may be due to activities such as entertainment and
relaxation being unsuccessful at completely ridding travelers of
boredom. Similarly, an analysis of the French National Travel Survey
suggested that in some cases, travel-based multitasking (ex. listening to
the radio/music) may be initiated with the intention of reducing trip
unpleasantness, and as such it reduces fatigue, but may not make the
overall trip experience pleasant (Mokhtarian et al., 2015). These find-
ings are supported by Singleton (2018), who examined the concept of
travel usefulness (i.e. how useful would you rate the activities done
during the trip, ignoring the value of getting to your destination),
finding that some commuters may be engaging in activities simply to
pass the time, rather than to make productive use of the time. Further,
Zhu and Fan (2018) reported that trip attributes such as traveling with
family or friends influence overall travel experience, a finding that may
allude to the effects of companionship on the types of activities con-
ducted during travel.

Thus, while engaging in travel-based multitasking appears to gen-
erally increase overall trip satisfaction and/or experienced utility, both
trip-related factors (Ettema et al., 2012; Mokhtarian et al., 2015;
Rasouli and Timmermans, 2014) and the specific activities being con-
ducted (Ettema et al., 2012; Mokhtarian et al., 2015) may interact with,
and in some cases temper, these effects.

2.2. Effects of travel-based multitasking on travel preferences and choices

Conventional transportation applications largely treat travel as a
derived demand, and as such, treat travel time as a disutility to mini-
mize whenever possible. This is still true despite the fact that a growing
body of work has introduced both theoretical and empirical support for
the possibility that travel time may be valued in its own right for varied
reasons that include the intrinsic value of the trip and the potential for
travel-based multitasking (Mokhtarian and Salomon, 2001; Redmond
and Mokhtarian, 2001; Watts and Urry, 2008; see Section 2.1). This
evolving perception of travel time as activity time has been helped in no
small part by the introduction of ICT devices, which have re-
volutionized travelers’ abilities to partake in a wider range of activities
while traveling (Axtell et al., 2008; Gripsrud and Hjorthol, 2012;
Kenyon and Lyons, 2007; Line et al., 2011; Lyons and Urry, 2005; Tang
et al., 2018). Here, we focus on conditions that facilitate travel-based
multitasking (i.e., what travelers want/need to be able to multitask),
and consequently the decisions that travelers might make in order to
obtain and benefit from these conditions (ex. to choose rail over auto-
mobile due to the increased ability to utilize a laptop on rail).

Transit has putatively provided the greatest opportunity for tra-
velers to engage in multitasking, and accordingly, the majority of stu-
dies on travel attributes that facilitate travel-based multitasking have
centered on transit users. While it has been shown that most transit
users perceive travel time as useful (Frei et al., 2015; Gripsrud and
Hjorthol, 2012; Lyons et al., 2007), differences in comfort (ex. standing
versus sitting in trains with more space and privacy, etc.) (Axtell et al.,
2008; Lyons et al., 2007; van der Waerden et al., 2009), length of in-
vehicle time (Axtell et al., 2008; Eir6é and Martinez, 2014), work hours
(time period/time of day, etc.), and other mode attributes affect the
tendency of travelers to participate in different types of activities while
using transit (Bouscasse and de Lapparent, 2019; Guo et al., 2015;
Lyons et al., 2007; Ohmori and Harata, 2008; Tang et al., 2018; van der
Waerden et al., 2009). Similarly, it has been found that travelers are
willing to pay money to obtain conditions (ex. space and privacy) that
better facilitate travel-based multitasking (Ohmori and Harata, 2008).
Additionally, preplanning is shown to be important in facilitating op-
timal travel-based multitasking (Axtell et al., 2008; Gripsrud and
Hjorthol, 2012). We note that some of the studies cited here focus on
low quality transit services (ex. local bus and metro rail services) that
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often tend to be more crowded and less conducive to travel-based
multitasking, while other studies focus on high quality transit modes
(ex. heavy rail intercity/commuter trains) that are more conducive to
multitasking, and yet other papers combine these service types within
an overarching “transit” category. As a result, for the purposes of this
brief overview, we summarized travelers’ preferences in general, with an
eye toward understanding the types of conditions that would increase
the likelihood of participating in travel-based multitasking. However,
the study we present in this paper separates commuter rail from other
transit, as is further discussed in Section 3.

Regarding mode choice, a study using the same dataset as the pre-
sent paper found that engaging in productive activities influences mode
shares for commuter rail, transit, car/vanpool, and drive-alone modes,
with the drive-alone mode share retroactively predicted to increase if
the opportunity to productively multitask (using a laptop/tablet in this
particular study) on other modes had not been available (Malokin et al.,
2019). This finding is supported by earlier work that showed internet
access on board the train could similarly influence mode choice
(Banerjee and Kanafani, 2008). Such effects are also seen for activities
that are more pleasure-based than productive; for example, one of the
reasons for choosing carpooling includes spending time with others,
although this is (understandably) more important for non-commuters
(Li et al., 2007). It has also been shown that train and bus travelers are
more likely to engage in working or reading, while forms of engage-
ment like talking to other passengers or listening to music are less
differentiated among modes (Ettema et al., 2010).

Thus, the ability to engage in travel-based multitasking can influ-
ence mode choice decisions, and likewise mode attributes such as
multitasking conduciveness can influence travel-based multitasking
decisions — a case of the well-known endogeneity concerns inherent in
the study of travelers’ attitudes, preferences, and behaviors.

2.3. Effects of travel-based multitasking on value of travel time

Valuation of travel time (VOTT, or its derivative, VOTTS) is a cri-
tical parameter that is most commonly measured as the tradeoff an
individual is willing to make between time and money (e.g. in dollars
per minute), and is used widely in cost/benefit analyses for infra-
structure projects, travel demand models, social justice analyses, etc.
(Mackie et al., 2001; Small, 2012; United States Department of
Transportation, 2015). In a logical complement to the body of work on
travel satisfaction discussed in Section 2.1, several studies have found
that travel-based multitasking may reduce VOTTS (Banerjee and
Kanafani, 2008; Bouscasse and de Lapparent, 2019; Ettema and
Verschuren, 2007; Kouwenhoven and de Jong, 2018; Malokin et al.,
2017; Varghese and Jana, 2018) and reduce sensitivity to changes in
travel time (Zhang and Timmermans, 2010). It has also been shown that
individuals’ attitudes towards multitasking (i.e. monochronic versus
polychronic individuals), as well as the types of activities conducted,
can influence their appraisal of travel time (Ettema and Verschuren,
2007). Meanwhile, on the behavioral side, there is a much larger body
of work that has established (with some degree of conflict and varia-
bility typically present for dependent variables like VOTTS) that factors
such as trip purpose, mode, and attributes influence VOTT/VOTTS
(Abrantes and Wardman, 2011; Gunn, 2001; Horowitz, 1978; Shires
and de Jong, 2009; Zamparini and Reggiani, 2007). As discussed in
Section 2.2, the viability of travel-based multitasking can be a cause
and/or an effect of the aforementioned factors, thereby facilitating
another avenue through which travel-based multitasking may influence
VOTT.

Overall, we see that travel-based multitasking has implications not
only for individuals’ subjective evaluations of travel, but can also affect
the conditions expected or desired by travelers, choices made regarding
travel, and — perhaps most critically for large-scale infrastructure de-
cisions — valuation of travel time. As such, given the significant po-
tential implications of travel-based multitasking for transportation
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planning and decision making, this study examines travel-based mul-
titasking as a choice that yields both benefits and disadvantages to
travelers. We present a typology of types of benefits and disadvantages
obtained as a result of travel-based multitasking, and seek to further
understand characteristics and conditions that facilitate these benefits
and/or disadvantages for travelers.

3. Overview of data

This study used data from a 2011 to 2012 University of California,
Davis survey of Northern California commuters; respondents were re-
cruited using an array of sampling methods that included mail-out,
online-panel-based, mode-intercept, and email-based recruitment
across both paper and electronic survey platforms. This multitude of
approaches was utilized as the goal was to obtain enough users for each
mode of interest to permit robust statistical analyses. Additional in-
formation on survey design and implementation can be found at
Neufeld and Mokhtarian (2012). The purpose of the survey was to ex-
amine the effects of multitasking attitudes and practices on the travel-
related behavior of commuters. To support this objective, the survey
obtained general attitudes and personality traits, mode-specific attri-
butes, time use patterns, and sociodemographic characteristics, in ad-
dition to the aforementioned multitasking and travel-related attitudes
and behaviors (Malokin et al., 2019; Neufeld and Mokhtarian, 2012).
The present analysis focuses on developing conceptual constructs and
subsequent model frameworks to further understand benefits and dis-
advantages experienced as a result of travel-based multitasking (see
Table 1, which also tabulates the responses to each item for the working
sample of cases who answered either or both of the questions shown
there).

As noted, since the intent of the survey was to capture behavioral
relationships for users of all transportation modes, the sampling process
aimed to obtain sizable shares rather than representative shares across
the travel modes (in practice, this meant undersampling drive-alone
commuters and oversampling other modes). Accordingly, the dataset
was weighted to be representative of regional commute mode shares
prior to developing the analyses presented in Sections 4 and 5. Com-
muter rail was differentiated from transit for the purposes of this study,
with commuter rail referring to intercity heavy rail trains, and transit
referring to bus/express bus/light rail/metro rail (Bay Area Rapid
Transit, or BART) services. For all descriptive statistics, both weighted
and unweighted distributions are presented to facilitate an under-
standing of how the weights affected the dataset. Distributions of so-
ciodemographic traits for the working sample of participants included
in Table 1 (N = 2598) are presented in Table 2. As is shown, approxi-
mately 63% of the weighted sample is female, and the average age of all
participants is 44 years. About half of the sample identify their occu-
pation as professional/technical, with almost three-quarters reporting
that they have received a college degree or higher. Additional details
regarding survey variables are included in the Appendix.

4. Typology of travel-based multitasking benefits & disadvantages

Table 1 details the survey questions used to develop the typology of
travel-based multitasking benefits and disadvantages from this dataset.
Because responses were coded as binary variables (0/1), tetrachoric
correlations and weighted least squares-mean and variance adjusted
estimation (WLSMV) were used to estimate separate latent variable
models for the benefits and disadvantages of travel-based multitasking
(Fig. 1). Latent variable models, such as the confirmatory factor ana-
lyses (CFAs) executed here, require pre-developed hypotheses re-
garding the conceptual structure of the data, and for that reason, ex-
ploratory factor analysis and examination of the correlation matrices
and response distributions were undertaken prior to the specification
and refinement of the final models presented in Fig. 1. These diagrams
follow latent model conventions: the single-headed arrows represent
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Table 2
Selected sociodemographic characteristics of the sample (N = 2598).
Variable Sociodemographic Frequency”
characteristics
Unweighted Weighted
N % N %
Gender Male 1014  39.0 929 35.7
Female 1547 59.5 1634 629
Age” 18-24 years 132 5.1 141 5.4
25-34 years 632 243 535 20.6
35-44 years 479 18.4 590 22.7
45-54 years 673 25.9 684 26.3
55-64 years 591  22.7 558 21.5
65+ years 72 2.8 72 2.8
Annual household Less than US $50,000 517 19.9 526 20.2
income US $50,000-100,000 982  37.8 996 38.3
More than US $100,000 981 37.8 963 37.1
Education High school diploma or less 77 3.0 91 3.5
Some college or technical 609 234 672 25.9
school
College degree 829 319 842 324
Some graduate school 276 10.6 246 9.5
Graduate degree 807 31.1 748 28.8
Occupation Full-time student 234 9.0 197 7.6
Manager 424 16.4 454 17.5
Professional/technical 1330 51.2 1283 49.4
Clerical/administrative 387 14.9 397 15.3
Other® 215 8.3 263 10.1
Household size Single-person HH 423 16.3 432 16.6
Two-person HH 989 38.1 920 35.4
Three-person HH 510 19.6 530 20.4
Four-person or larger HH 656 25.3 697 26.8
Mode shares® Bicycle 245 9.4 40 1.5
Commuter rail 221 8.5 19 0.7
Transit: Express/local bus/ 768 29.6 212 8.2
BART/ferry
Shared ride (passenger, i.e. 214 8.2 180 6.9
passenger of a carpool/
shuttle)
Driver 1149 442 2147 826

# Frequencies do not add up to 100% or the total N because of rounding
errors, non-responses, or “other” categories.

> Average age: 44 years (median: 45 years); lowest age: 19 years; highest age:
91 years.

¢ Includes homemakers, service and repair, sales or marketing, and produc-
tion or construction.

d Using this same dataset, Malokin et al. (2019) details a mode choice model
that also considered five modes; however, instead of “passenger” and “driver”
(the latter of which could be “alone” or “of a car/vanpool”), Malokin et al. used
“shared ride” (whether driver or passenger) and “drive alone”. For the purposes
of the present paper, we considered the distinction between passenger and
driver to be more important to the nature and experience of activities that could
be conducted while commuting. Walk commuters were excluded from the mode
choice model of Malokin et al. (2019) because of their small share (unweighted
N = 40), and therefore also excluded from this study for consistency.

the effects of the latent constructs on their binary indicators, while the
double-headed arrows represent correlations between the variables
(Loehlin, 2004).

The benefits model, illustrated in Fig. 1a, consists of seven observed
variables (see Table 1) identifying two latent factors. Five observed/
created variables (increases trip enjoyment, increases activity enjoy-
ment, decreases stress, allows doing new things, saves time) were sig-
nificantly associated with one factor, which we labeled “hedonic ben-
efit”. Four observed variables (do new things, saves time, meets
deadlines, gets work done) were significantly associated with the
second latent factor, which we labeled “productive benefit”. Compat-
ibly with these labels, the “do new things” and “save time” observed
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variables were associated with both latent constructs.” While some re-
searchers have theorized about and/or discussed the existence of he-
donic (i.e., pleasure-based or recreational) and productive aspects of
increased utility due to travel-based multitasking (Gripsrud and
Hjorthol, 2012; Rasouli and Timmermans, 2014; Singleton, 2018), to
our knowledge this is the first empirical model that has clearly captured
the existence of, and delineated the differences between, hedonic and
productive constructs for travel-based multitasking benefits. The two
constructs of hedonic and productive benefits yielded a moderate cor-
relation of 0.490 with each other, indicating that, empirically, both
types of benefits often occur (or are absent) together. This preferred
model (N = 2576; results on the unweighted sample were substantively
the same, but weighted results are reported for consistency with Section
5) yields excellent fit statistics (Loehlin, 2004), with a non-significant
Pearson’s model chi-squared test (x2 = 14.482, df =11, p = 0.21,
a = 0.05), root mean squared error approximation (RMSEA) value of
0.011, and comparative fit index (CFI) of 0.999.

The disadvantages model is shown in Fig. 1b and consists of eight
observed variables identifying two latent factors, via a second-order
factor analysis structure. Six observed variables (decreases trip enjoy-
ment, increases trip unpleasantness, decreases activity enjoyment, de-
creases activity performance, increases stress, takes time away) were
associated, in respective groups of two, with three latent constructs,
which we interpreted as “trip dissatisfaction”, “activity dissatisfaction”,
and “activity conflicts”. These three constructs, in turn, associated with
a single construct which we interpreted as “affective disadvantages”.
The two observed variables of “unsafe distraction” and “fragments at-
tention”? associated with the other latent construct, which we inter-
preted as “cognitive disadvantages”.

These construct names are loosely inspired by the “Satisfaction with
Travel” (STS) scale, which specifies affective and cognitive components
related to daily travel. In the STS scale, affective components are based
on particular combinations of valence (positive or negative affect) and
activation (high or low arousal) dimensions, which include feelings like
stressed (negative activation), enthusiastic (positive activation), relaxed
(positive deactivation), and tired (negative deactivation). The cognitive
component of the scale deals with assessment of quality of the travel
(Ettema et al., 2011). As such, we see some parallels between the af-
fective and cognitive components of the STS scale and the observed
variables that load on the two respective constructs in the model in
Fig. 1b.

In our model, the two constructs of affective and cognitive dis-
advantages had a strong correlation of 0.634 with each other, again
indicating a frequent joint presence (or absence®) of these

! When the common variables (“do new things” and “saves time”) were forced
to associate with just one of the latent constructs, the correlation between the
constructs increased (to 0.833 when they were associated with the hedonic
benefit construct and 0.653 when associated with the productive benefit con-
struct), and neither of those models fit the data as well as the presented model.

2The loadings in the figure are standardized. As such, when factors are cor-
related (as is the case here) it is unusual, but not “wrong”, for a loading to be
larger than one in magnitude, as explained by Joreskog (1999). In this instance,
the loading in question is barely greater than 1, and therefore in any case poses
no cause for concern.

3This could be partly an artifact of survey fatigue (the two questions of
Table 1 appear on pp. 12 and 13 of the 14-page survey): respondents could have
been less diligent about checking “all that apply” for the disadvantages than for
the advantages. The incidences of the advantage and disadvantage constructs
presented in the text show that the disadvantages are more often jointly absent
than the advantages are (for 64% and 43% of the cases, respectively), but of
course we are unable to determine the extent to which this is a matter of survey
fatigue, as opposed to a genuine result that the advantages (of activities which,
after all, respondents are generally choosing to perform - presumably to
achieve some benefit) typically outweigh the disadvantages. What is clear,
however, is that 260 fewer people answered the disadvantages question at all,
than answered the benefits question.
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(a) Confirmatory factor analysis model of travel-based multitasking benefits
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(b) Confirmatory factor analysis model of travel-based multitasking disadvantages

Fig. 1. Confirmatory factor analysis model of travel-based multitasking benefits (weighted N = 2576) and disadvantages (weighted N = 2337).

disadvantages for a given person. The overall model (weighted
N = 2337, again, results on the unweighted sample were substantively
the same) has good fit, with RMSEA of 0.034 and CFI of 0.939. The chi-
squared test was significant (x* = 59.928, df = 16, pless than 0.001,
a = 0.05), but (a) the test statistic is not particularly large, and (b) the
large sample size makes it easier to “fail” the test. Although we obtained
the desired insignificance for the benefits model which involved a si-
milar sample size, there may well be more heterogeneity and mea-
surement error with respect to the incidence of disadvantages, and
accordingly it may be more difficult to capture their relationship pat-
terns with a simple model. Overall, the significance of the chi-squared
statistic is of little concern given the otherwise excellent RMSEA and
adequate CFI fit indices, and in any case the model’s advisory role for
the next stage of the analysis is unhindered.

We used the four latent constructs identified here to create the
binary observed outcome variables for our models (the Yz and Yp; of
Section 5): if any of the observed individual benefits/disadvantages
associated with a given construct are reported as present, then the
outcome variable denoting that construct is set to unity, and zero else.
Of the 2598 participants (weighted N) who responded to either of the

13

dependent variable questions in Table 1 (and for whom weights could
be calculated), 56% reported hedonic benefits and 29% reported pro-
ductive benefits (57% collectively, indicating that nearly all those with
productive benefits also had hedonic benefits, whereas only half of
those with hedonic benefits also had productive benefits). On the ne-
gative side, 27% reported affective disadvantages and 16% reported
cognitive disadvantages (36% collectively, with the 7% common to
both groups indicating that nearly half of those who had cognitive
disadvantages also had affective ones, whereas only a quarter of those
with affective disadvantages also had cognitive ones).

It is of interest to analyze how the incidence of benefits and dis-
advantages differs by the primary commute mode. Table 3 summarizes
the unweighted and weighted shares of respondents reporting each type
of outcome (hedonic benefits, productive benefits, affective dis-
advantages, and cognitive disadvantages), segmented by primary mode
(bicycle, commuter rail, transit, shared ride passenger, and driver). All
numbers discussed in this paragraph refer to the incidences by mode
(first number in each cell in Table 3; with the second set of numbers in
the table provided to facilitate comparisons of mode shares conditional
on obtaining a given benefit or disadvantage). As would be expected,
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Table 4
Bivariate probit model of benefits of travel-based multitasking.

Travel Behaviour and Society 17 (2019) 8-25

Variable® Hedonic benefits

Productive benefits

Variable® Hedonic benefits Productive benefits

Sociodemographic characteristics

Household income b 0.0927
Number of bikes (household) 0.0690 0.0865"
Number of vehicles (household) - —-0.108""
Mode and mode attributes

Chosen mode: Shared ride (passenger) - 0.278
Chosen mode: Transit 0.344 0.293
Chosen mode: Bike 0.548 -
Commute allows multitasking 0.293 0.286
In-vehicle travel time 0.00846 0.00470
Commute preferences & expectations'

Has to work on commute 0.212° 0.212°
Expected to socialize or do recreational activities - 0.0999
Would like to socialize or do recreational activities 0.147 0.193
Would like to work on commute - 0.136
Time use patterns, preferences, & expectations

Would like to be available to family, friends, clients -0.119 -0.115
General attitudes & preferences

Travel is waste —-0.188 -
Commute is good - 0.107
Real time pressure - 0.128
Prefer time pressure 0.131 -
Preference for mixed dense urban environments 0.136 -

Prefer to make as few trips as possible 0.111 -

Never get very far behind on things -0.111 -

Main benefit of my job is to give me money - —-0.0844"
Getting stuck in traffic doesn’t bother me - -0.107"

Personality traits

Frustrated - -0.124
Explorer - 0.0945
Activities conducted/items carried on commute

Grooming 0.628" 0.534""
Talked on the phone 0.258 0.298
Used smartphone 0.186 0.323
Thought/planned 0.238" 0.248"
Daydreamed 0.152" 0.143°
Used internet - 0.255
Wrote/sent text/email - -0.273"
Read paper document - 0.355
Carries laptop/netbook - 0.257
Carries newspaper 0.365" -
Carries book 0.444 -
Carries paper writing materials 0.180° 0.321
Constant —1.465 —2.518
Correlation of error terms 0.769

Model attributes

Number of observations ¢ 2031

Z(0) —2815.564

Z(c) —2298.266

7 (ﬁ ) —1679.570

02(Z(0) base) 0.403

Adjusted p? (£ (0) base) 0.385

02( (MS) base) 0.269

Significant at 1%.
** Significant at 5%.
* Significant at 10%.

a

b

The effect of a given variable is represented by an estimated coefficient and asterisks indicating its p-value (significance) category.
Dashes indicate coefficients that were constrained to be zero after they were found to have significance > 0.10.

¢ In this study, “transit” represents bus/express bus/light rail/metro rail (BART), but not intercity trains, which are the separate “(commuter) rail” mode.
d Weighted sample market shares (MS) for model (N = 2031): HP: 39.6%, H’P: 0.9%, HP: 29.1%, H'P”: 30.3%, where H = hedonic benefit present; H’ =not

present, etc.

T These variables are based on statements asking participants what they feel they “have to, or are expected to do” and what they would “like to do” on their
commute (see Table 7 in the Appendix), and as such, should be read in the context of the commute.

present selected results of the bivariate models for benefits and dis-
advantages separately, and in Section 6 we discuss comparisons be-
tween the models.

5.1. Benefits of travel-based multitasking

The BVP model developed for the hedonic and productive benefits
of travel-based multitasking is summarized in Table 4; it has an ad-
justed pseudo-R? (72 with equally likely base) of 0.385, which is con-
sidered good fit for a four-alternative discrete behavioral outcome
model such as the one described here. The correlation of error terms
between hedonic and productive benefits is both significant and large in
magnitude (0.769), indicating that many of the unobserved variables
that tend to increase (respectively, decrease) the propensity to experi-
ence hedonic benefits also tend to increase (decrease) the propensity to
experience productive benefits. Since much the same can also be said of
the observed explanatory variables, this result is not surprising. Thirty-
six variables in total are significant across either the hedonic and/or the

15

productive benefits equations in this model (28 for productive benefits,
21 for hedonic benefits), and of these, 13 (approximately one-third) are
common to both constructs. All common variables share the same sign,
indicating (as mentioned above) that they influence the propensity to
experience hedonic and productive benefits in the same direction. Here,
we interpret important and/or interesting patterns in the model, but do
not exhaustively detail all results for economy of presentation.

Bicycle ownership, bicycle usage, and a preference for mixed-use
dense environments all increase the likelihood of experiencing hedonic
benefits — likely because these variables are associated with the primary
commute mode being bicycle, which is often chosen precisely because of
its hedonic benefits. Correspondingly, preference for mixed-use dense
residential environments has positive correlations with bicycle use,
preferences towards biking and walking, higher education levels, re-
duced family responsibilities, and decreased vehicle ownership. These
results support previous findings that travelers who use active modes
are less dissatisfied with their commute (Singleton, 2018) and also
happen to be those who like to live in neighborhoods that foster a sense
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Table 6
Overview of significant effects contributing to both benefits and disadvantages.

Travel Behaviour and Society 17 (2019) 8-25

Hedonic benefits

Productive benefits

Affective disadvantages Cognitive disadvantages

Household income

Number of vehicles (household)
Chosen mode: shared ride (passenger)
Chosen mode: transit (+)
Travel is waste® (=)
Commute is good”

Have real time pressure”

Prefer time pressure”

Expected to socialize on commute”
Grooming”

Talked on phone”

Used smartphone”
Thought/planned”

(+)

(+)

-
+)
(+)"
)"
P

)" +)

)
=y

+)"

)

)"
e
IS

(+)

(+)

*** Significant at 1%.
** Significant at 5%.
* Significant at 10%.

@ These variables represent attitudinal or expectation type statements in the survey (see Table 7 in the Appenidx).
> These variables represent activities reported as being conducted on the recent commute in question.

of community (ex. mixed-use developments) (Paez and Whalen, 2010).
By contrast, number of vehicles owned reduces the probability of ex-
periencing productive benefits — this may reflect a stronger orientation
toward commuting by car, which is not conducive to productive types
of travel-based multitasking such as laptop usage (Malokin et al., 2019).
On the other hand, the model shows that, as expected, passive modes,
such as transit and being a passenger in shared rides (i.e. taxi/carpool/
vanpool/employer shuttle), increase the propensity to realize produc-
tive benefits.

Fourteen attitudes/preferences (encompassing commute pre-
ferences and expectations, time use patterns, and general attitudes) are
significant, with three in common between constructs. Overall, those
holding work-oriented attitudes/lifestyles such as “would like to work
on commute,” and “has to work on commute,” are more likely to ex-
perience benefits of travel-based multitasking. Correspondingly, those
who are less work-oriented, such as having a propensity to “see one’s
job merely as a source of income”, have reduced chances of obtaining
productive benefits, likely due to having a lower desire to work while
traveling. Similarly, those who are oriented towards socializing or en-
gaging in recreational activities during the commute have increased
chances of seeing benefits, while those who appear to be oriented to-
ward being available to family are less likely to obtain benefits. We see
that viewing “travel as a waste” decreases the chance of experiencing
hedonic benefits, while those who view “commute as good” and have
“real time pressure” to complete tasks have an increased chance of
experiencing productive benefits. These latter effects are consistent
with the understanding that those who value and/or need their com-
mute time are more likely to experience benefits from travel-based
multitasking (and vice versa). Although it is difficult to separate cause
and effect in the case of the “commute is good” attitude (it is likely the
effect of experiencing benefits from the commute as well as the cause of
doing so), we left it in the model because it can represent a general
orientation or determination to wring benefits out of one’s commute
time, which in turn could legitimately influence the way one uses the
time and thence the benefits experienced on the specific recent commute
being analyzed. Those who report that getting stuck in traffic doesn’t
bother them have reduced chances of experiencing productive benefits,
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perhaps suggesting a more relaxed attitude toward the passage of time,
and therefore less motivation to use their travel time efficiently.

The model also shows that both conducting various specific activ-
ities and carrying certain items aboard during a commute increased the
probability of obtaining benefits from multitasking. A wide array of
activities such as: grooming, talking on the phone, and daydreaming
were seen to increase the likelihood of having both hedonic and pro-
ductive advantages; while others, such as using the internet, writing
emails, and reading documents, were only significant for productive
advantages. Lastly, it was seen that the active execution of activities like
reading was significant for productive benefits, while the mere act of
carrying aboard reading materials was significant for hedonic benefits.
This could suggest that those who are equipped for the commute but do
not utilize those items are enjoying the commute in other ways, or may
simply delineate an attitudinal difference between those who view the
commute as a place to potentially do activities versus those who actually
execute activities on the commute.

5.2. Disadvantages of travel-based multitasking

Table 5 summarizes the model developed for the affective and
cognitive variables that underlie the disadvantages of travel-based
multitasking. The model has an adjusted pseudo-R* (with equally likely
base) of 0.358. The 0.154 correlation of error terms indicates that the
unobserved variables influencing the two types of disadvantages have
relatively little in common with each other, in contrast (based on the
0.634 correlation of the measures overall, as shown in Section 4) to the
explanatory power of the common observed variables. Sixteen variables
are significant for the affective disadvantages equation, while 19 vari-
ables are significant for the cognitive disadvantages equation (at the
five percent significance level). Seven of these variables are common to
both equations, and of those, all have the same sign with the exception
of the variable indicating the mode choice of “passenger in a shared
ride”, which increases the probability of experiencing affective dis-
advantages but decreases the probability of experiencing cognitive
disadvantages. This might suggest that since participants are not re-
quired to be in control of the vehicle, their attention is less fragmented
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and they are thus less distracted, but they may still be unhappy with
another aspect of the trip and/or with the quality of the activity they
are conducting (resulting in the increased affective disadvantages).

Regarding the other mode attribute variables, we see that (similar to
the shared ride variable), choosing the transit mode also decreases the
probability of experiencing cognitive disadvantages, but (unlike for
shared ride) does not have a significant influence on the affective dis-
advantages. This may suggest that transit users are happier with their
travel-based multitasking experience relative to shared ride passengers.
Finally, we also see that as participants’ perceptions of comfort and
convenience of their chosen mode increases, both affective and cogni-
tive disadvantages decrease.

In terms of sociodemographic variables, age, education level,
number of vehicles, and household income are significant. Higher
household income increases the likelihood of experiencing cognitive
disadvantages. Income is positively correlated (low to moderate mag-
nitudes around 0.20) with increased vehicle ownership, commute time
and distance, and smartphone usage and presence on the commute; as
such, it is conceivable that this effect is being influenced by smartphone
use while driving alone, or serving as a proxy for the complex inter-
related effects of all these variables. Age is another sociodemographic
variable of significance, and has negative signs for both equations, in-
dicating that the likelihood of experiencing disadvantages due to travel-
based multitasking decreases with age. This may be attributable to
habituation to the commute as one gets older, but may also indicate a
stronger tendency to use ICT tools for amusement and/or productivity,
and a greater facility at multitasking but also a greater sense of dis-
traction or wasting time, among younger commuters.

A total of ten attitudes or propensities were significant for this
model, with two in common between the affective and cognitive dis-
advantages. Not surprisingly, those who like to multitask on their job,
do not mind waiting, and believe that their commute is good are all less
likely to experience affective disadvantages. On the other hand, those
who have “real” or “preferred time pressure” have increased prob-
abilities of experiencing cognitive disadvantages from travel-based
multitasking, possibly due to stress or the desire to be doing another
activity instead. Similarly, those who feel that that they are “expected
to have recreation” on the commute are also more likely to experience
cognitive disadvantages, perhaps attributable to expectations falling
short of their experience, or being at odds with their desires.

Lastly, we draw attention to the fact that across different variable
categories (attitudes and activities conducted), smartphone/ICT usage
appears to consistently increase the likelihood of experiencing cognitive
disadvantages due to travel-based multitasking. Of note is a related
finding from the literature that younger and middle-aged travelers, who
fall in the most active group of mobile media users, have higher ex-
pectations regarding their transport experiences, presumably due to
greater need for uninterrupted trip experiences that facilitate their use
of ICT (Julsrud and Denstadli, 2017), and thus may be more likely to
report disadvantages associated with commute multitasking. Overall,
while there are likely multiple factors at play regarding why ICT users
tend to experience disadvantages, the trend is clearly present both here
and in the literature, and is worth noting, particularly in view of the
general understanding of ICT as primarily a positive contributor to
travel time utility.

6. Discussion

The growing prevalence of, and potential for, travel-based multi-
tasking mirrors the trend of increased multitasking behaviors across
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numerous (some might say, all) realms of modern life. Accordingly,
multitasking in general has been and continues to be examined as a
critical topic with regard to its (multidimensional) impacts on various
population segments (ex. children, elderly adults, drivers, women, etc.),
as well as its effects on the quality of the tasks/activities being executed
(ex. activities performed while traveling, activities performed while
providing childcare, etc.; Circella et al., 2012; Kenyon, 2010). An in-
depth examination of cognitive requirements is outside the scope of this
paper, but researchers have largely found that general multitasking can
allow for certain advantages such as the use of “dead” time, and the
ability to “fit” more into a day, but it can also be detrimental to both
wellbeing and activity performance (Circella et al., 2012; Mark et al.,
2008; Ophir et al., 2009). This study finds similar effects for the specific
subcategory of travel-based multitasking. For example, Table 6 illus-
trates that grooming, talking on or otherwise using a phone, and
thinking/planning while traveling all increase the probability of re-
ceiving benefits, while also increasing the probability of experiencing
cognitive disadvantages. Additionally, for the disadvantages model
(Section 5.2), almost all of the activities conducted/items carried
yielded increased probabilities of experiencing cognitive or affective
disadvantages, with the exception of non-electronic games.

As such, we see a pattern emerging, namely that certain factors
constitute a “two-edged sword”, generating positive as well as negative
outcomes. The latter may stem from dissatisfaction with the activities
being performed themselves, dissatisfaction with the quality with
which they are being performed, dissatisfaction with the way the time
is being used, or fragmented attention, to name a few possibilities.
Some evidence supporting this effect is present in the literature; for
example, Guo et al. (2015) showed that only about 30% of passengers
with ICT devices used them during travel although a significant portion
(60%) of the users engaged in active multitasking. This could suggest
that certain devices/activities are less preferred due to the dis-
advantages (ex. cognitive) that accompany any benefits that would be
obtained. Such findings may also be related to the use of activities for
ameliorating trip disutility, but not completely eliminating the disutility
(Ettema et al., 2012; Mokhtarian et al., 2015; Singleton, 2018). Along
similar lines, we see that having “real time pressure” or “expectations
for recreation on the commute” increases the propensity of experien-
cing productive benefits, but also appears to increase the likelihood of
disadvantages.

Comparisons across models also yield interesting results with re-
gards to mode choice. In Table 6, we see that passengers in shared rides
(such as taxi or carpool) are both more likely to experience productive
benefits and less likely to experience cognitive disadvantages, which is
intuitive given that they are not responsible for directing the vehicle
and so are more “free” to engage in other tasks. However, these in-
dividuals may experience unhappiness with the quality of the task they
are performing or with the overall trip, because they are more likely to
experience affective disadvantages. Transit users have increased prob-
abilities of experiencing both types of benefits from multitasking, with
decreased likelihood of cognitive disadvantages, and also tend to be less
likely to experience affective disadvantages than shared ride passengers
(since the transit user variable is not significant in that model but the
shared ride variable is significant with a positive coefficient).

While these findings support the empirical and conceptual literature
regarding the increased ability of transit users to engage in travel-based
multitasking, and ultimately to reap increased benefits and reduced
disadvantages from activities conducted while traveling, they seem at
odds with the frequent finding that transit users consistently report the
lowest levels of travel satisfaction among mode users (e.g. De Vos,
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2018). This is a particularly critical question to consider, given that the
literature has shown that multitasking conduciveness increases the
utility of travel time, which in turn increases the overall level of travel
satisfaction; and in fact, this is one of the core motivations of studies
such as the one presented in this paper.

We cannot definitively resolve this paradox in the present study,
since our data do not include measures of travel satisfaction. However,
we suspect that the answer lies largely in the heterogeneity of the mode
“transit”, alluded to in the literature review, and correspondingly in the
heterogeneity of transit riders. The literature has consistently identified
two general classes of transit riders: “choice riders”, who use transit
even though they have a reasonable alternative (typically the car), and
“captive riders”, who are bound to transit because it is their only
practical choice (Beimborn et al., 2003; Kroesen et al., 2017). The lit-
erature provides ample evidence that captive transit users tend to have
lower socioeconomic indicators (Paulley et al., 2006), while the dataset
used in this paper indicates that those who report that they do not
engage in other activities while traveling also tend to have lower so-
cioeconomic indicators relative to respondents who reported specific
benefits and/or disadvantages of travel-based multitasking. Based on
these findings, we speculate that (1) captive riders are more often using
lower-quality (less satisfying) transit services that are less conducive to
multitasking, while choice riders are more often using higher-quality
services; and (2) captive riders are less likely to hold the white-collar
jobs that lend themselves to productive travel multitasking, and may
have lower access to/facility with the electronic tools often associated
with productive travel multitasking. Additional investigation of the
relationships among type of transit, type of traveler, engagement in
travel multitasking, perceived benefits and disadvantages of such
multitasking, and travel satisfaction is certainly of interest.

Overall, the findings of this study provide fertile grounds for further
exploration, especially looking forward to an era of (shared and/or
private) autonomous vehicles (AVs). For example, how will multi-
tasking in autonomous vehicles compare to multitasking conditions on
transit vehicles? How will multitasking in shared AVs compare to that
in private AVs? Such considerations have already begun to generate
discussion regarding exactly how much autonomous vehicles will be
able to re-work the travel-based multitasking landscape (Le Vine et al.,
2015; Singleton, 2019).

7. Conclusions

Within this paper, we used data from a revealed preference travel
behavior survey of N = 2500 Northern California commuters to iden-
tify and model the types of benefits and disadvantages experienced as a
result of conducting other activities while traveling. Travel-based
multitasking has been the subject of a rich and diverse body of litera-
ture; however, to our knowledge, detailed here is the first empirical
investigation that: (1) develops a typology of travel-based multitasking
benefits and disadvantages; and (2) models the effects of attitudes,
behaviors, and other variables on the identified types of benefits and
disadvantages. The identified constructs are: hedonic benefits, pro-
ductive benefits, affective disadvantages, and cognitive disadvantages
of travel-based multitasking.

Highlighted results include the increased propensity of those who
use active modes of transport to experience hedonic and productive
benefits, with drivers being less likely to experience either type of
benefit. While shared-ride and transit passengers are both likely to
experience productive benefits and cognitive disadvantages, shared-
ride passengers are more likely to experience affective disadvantages of
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travel-based multitasking relative to transit users, possibly either a
function of the companions with whom the ride is being shared or the
type of vehicle (automobile) that shared-ride users are more likely to be
using for travel. Overall, we see that commuter rail, other transit, and
shared-ride modes have a greater proportion of users, relative to dri-
vers, who obtain travel-based multitasking benefits, with fewer accrued
cognitive disadvantages. Thus, we see that chosen mode, as well as the
perceived comfort and conduciveness of these modes for travel-based
multitasking, affects the resultant benefits and disadvantages obtained,
which likely has implications for future decisions on mode choice as
well as travel-based multitasking.

Also of note is the fact that family-oriented attitudes result in a
reduced likelihood of obtaining travel-based multitasking benefits, re-
lative to having work- and leisure-oriented attitudes. Additionally,
those with greater technology affinities and tendencies to use ICT while
commuting are seen to have increased likelihoods of cognitive dis-
advantages. These effects either supplement or add to the existing body
of knowledge regarding travel-based multitasking. We refer the reader
to Sections 5 and 6 for additional effects of interest and importance that
emerged in this modeling effort.

Overall, we see that mode attributes and activities that increase the
likelihood of travel-based multitasking benefits can simultaneously in-
crease the likelihood of travel-based multitasking disadvantages, a
finding that resonates with the general multitasking literature. This
suggests that the utility obtained from travel-based multitasking is not
always positive, and is likely strongly influenced by taste and condition
heterogeneity. Accordingly, a limitation of this study is that it is unable
to directly capture the heterogeneity that can arise between choice and
captive mode users, an important distinction when it comes to differ-
ences in expectations/attitudes towards mode choice, travel-based
multitasking desires, and overall travel satisfaction. Furthermore, to
improve and extend upon the work done here, we recommend that
future studies of travel-based multitasking acknowledge differences in
the various types of benefits and disadvantages, while seeking to further
understand and demarcate the line between utility and disutility of
multitasking for different types of travelers.

As travel-based multitasking becomes increasingly diverse, with
ICT-enabled activities in particular becoming more widespread (Keseru
and Macharis, 2018), this work is valuable for helping us to understand
how multitasking will help and/or hurt travelers now — and perhaps
even more importantly, in a future that may include autonomous ve-
hicles and/or increasing shares of travel undertaken as “hands-free”
passengers rather than drivers.
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