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Abstract

Smartphones can lower the disutility of waiting by enabling productivity and making
time pass more pleasantly. We elicit the compensation required by subjects to wait for
30 minutes, alone in an empty room, under four different conditions that varied access to
the subject’s smartphone. Compared to the treatment where subjects had full use of their
phone, we find that they required 24% percent more to wait with the audio features of the
phone remaining but the phone physically locked away, 48% percent more to wait with
only an FM radio, and 79% percent more to wait in a quiet room.
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1 Introduction

Valuing changes in how people allocate their time is of central interest in several fields

of economics, including transportation (Mokhtarian, 2018), labor (Aguiar et al., 2012),

development (Jeuland et al., 2010; Meeks, 2017), and the environment (Fezzi et al., 2014;

Lloyd-Smith et al., 2019). In particular, it often plays a critical role in benefit-cost analyses

of public investments (Boardman et al., 2018). In Becker (1965)’s seminal time allocation

framework, an individual’s value of time (VOT) is equal to her wage rate and is uniform in

all activities and under all circumstances. This model is useful for valuing changes in the

time use of employees while they are on the job, where there is a consensus that the correct

opportunity cost of the employee’s time is her before-tax market wage, including benefits

and indirect costs of employee supervision (Baxter et al., 2017).

Valuing time spent in non-market activities like commuting, recreation, household

chores, or caring for family members is more challenging. To tie the value of time only

to the wage rate and assume a single value of time savings across sectors is to assume

that people receive the same utility from an hour spent waiting in line and an hour spent

playing with their children or watching television. It also ignores individual-level hetero-

geneity in how people perceive the utility or disutility of certain activities. DeSerpa (1971)

extended Becker’s model to allow the marginal utility (and disutility) of time to vary by

the type of activity, implying activity-specific values of time. Despite this, however, ana-

lysts in most sectors continue to rely on rule-of-thumb estimates for the value of time spent

outside work, typically 50% of after-tax wages (Boardman et al., 2018; Whittington and

Cook, 2019). In a recent summary of best practices in implementing recreation demand

studies, Lupi et al. (2020) recommend using a fraction between one-third and one-half of

household income converted to an hourly rate.

An important exception is the transportation sector, where VOT estimates have long

been expected to differ based on the mode and characteristics of travel, particularly the

disutility of driving in congested traffic (Truong and Hensher, 1985; Hensher et al., 1990;

Hensher, 2001; Small, 2012). Mackie et al. (2001) notes “the characteristics of the journey”

as one of six important factors influencing individuals’ value of travel time. Although
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most studies included in Abrantes and Wardman (2011)’s meta-analysis of UK travel time

valuation studies did not distinguish traffic conditions, nine studies contained 29 estimates

of the“congestion multiplier”. They found that drivers are on average willing to pay 54

percent more to avoid an hour spent in congestion than to avoid an hour spent in free-

flowing traffic. (See also Table 1 in Wardman and Nicolás Ibáñez (2012) for a summary of

congestion multiplier studies).

In the recreational demand literature, time spent traveling to a site is typically pooled

with time spent a the recreation site (Lupi et al., 2020), and this time may provide recre-

ationists with higher utility than time spent at work or commuting to the office. This

intuition and an early influential study (Cesario, 1976) led researchers to assume a value

of recreation-focused travel and on-site time of one-third of hourly wages. A more recent

study exploited variation in the time-money tradeoff by asking visitors to Italian beaches

whether they drove via faster toll roads or slower but free roads (Fezzi et al., 2014). They

report an average value of time of three-fourths of the wage rate, with significant hetero-

geneity in these valuations. In the broader context of a study of recreational fishing, Lloyd-

Smith et al. (2019) use a stated preference approach to elicit the value of leisure time by

asking how much compensation subjects would require to perform an administrative task

(sorting papers). Importantly, the task would be performed on a weekend, when subjects

would likely be pursuing other leisure activities. They also find significant heterogene-

ity, with older respondents, those in larger households and the self-employed demanding

a higher compensation for forgoing time on the weekend. They find that this individual-

specific value of leisure time is approximately 90% of the subject’s hourly wage rate, on

average, but that the association is in fact quite weak. Lloyd-Smith et al. (2020) finds that

fishermen’s value of leisure time is 55% higher, on average, during the summer than other

seasons.

We focus in this paper on the disutility of time spent waiting, a ubiquitous feature of

life. We wait on planes, trains, and automobiles and at stores and clinics. Devices like

smartphones or laptops can decrease the disutility of time spent waiting by letting some

types of employees accomplish work-related tasks (Lyons and Urry, 2005; Kouwenhoven

and de Jong, 2018; Varghese and Jana, 2018; Malokin et al., 2019) or simply by decreasing
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the drudgery of a long train ride or a doctor’s office wait. Ettema and Verschuren (2007)

found that commuters who listen to music while traveling, for example, have lower WTP to

lower commuting times. The majority of the research analyzing the effect of information

technology and multitasking on the value of time has focused on public transit. These

studies find that technology’s ability to make travel time useful increases its utility and

thus decreases willingness to pay for shorter travel times(Ettema and Verschuren, 2007;

Frei et al., 2015; Hong et al., 2019; Malokin et al., 2019; Varghese and Jana, 2018; Wyer

and Wilson, 2017; Zhou et al., 2018). However, researchers have begun to look at the

implication of ICTs on fully automated vehicles (FAV). As when riding in a taxi, riders in

an FAV would be able to engage in activities other than driving, which is likely to lower

their value of travel time savings (Fagnant and Kockelman, 2015). A reduced value of

travel time savings would have large implications for benefit-cost analyses of roadway and

transit infrastructure improvements.

Our contribution is a direct and incentive-compatible test of how the value of time spent

waiting changes based on access to smartphone services. A number of studies have used

time, rather than money, as the numeraire good in an experimental setting (Berger et al.,

2012; Noussair and Stoop, 2015). We use a Becker-DeGroot-Marschak (BDM) mechanism

to elicit subjects’ willingness to accept (WTA) for waiting for 30 minutes, alone in an

empty room, under four different conditions described in more detail below. Our subjects

were recruited from the local community and span a wide age range. We find that one

quarter of the respondents did not distinguish between the utility of these four waiting

conditions. However, we find that, on average, compared to the baseline waiting condition

where a subject had full use of her smartphone, subjects required 24% percent more to wait

with the audio features of the phone remaining but the phone physically locked away, 48%

percent more to wait with only an FM radio, and 79% percent more to wait in an empty,

quiet room. Although the experiment was conducted in a room, the findings are easily

applicable to other scenarios where individuals are waiting.
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2 Methods

We used the incentive-compatible Becker-DeGroot Marshak Mechanism (BDM) to

elicit the minimum amount of money each individual would be willing to accept to wait

under four different waiting conditions. In all conditions, the subject would wait alone

for 30 minutes in an empty room (but for a few economics textbooks) on our university’s

campus. The first condition involved waiting with full access to the subject’s smartphone

and a simple FM radio, but the subject’s bag and any other materials she brought were put

away in a small locked cabinet. We will refer to this in shorthand as the “Smartphone”

condition below, since the subject had full access to her phone. Subjects who were uni-

versity students, faculty or staff could access the university Wi-Fi network, and cellular

reception was good in the room for subjects unaffiliated with the university to access the

internet. The second condition involved syncing the subject’s smartphone to a high-fidelity

bluetooth speaker with the ability to make calls using voice commands or play music, but

then locking the phone away in the locked cabinet along with all other materials. We call

this the “Bluetooth” condition below, though the subject could also listen to a small FM

radio. The third condition (“Radio”) further removed the ability to sync the phone to the

speaker, leaving the subject with only the FM radio to listen to for the 30 minute wait pe-

riod. Finally, the fourth condition (“Nothing”) removed the FM radio: the subject would

wait in the empty room, alone, with no music and nothing to read or do. Our hypothesis

was that the disutility of waiting increased across these conditions, with the corresponding

WTA for waiting under these conditions also increasing.

After eliciting WTA estimates for each of the four conditions, we then used a computer

to randomly generate the experimenter’s willingness-to-pay (WTP). This randomly-chosen

offer was capped at $35 ($70 per hour) for budget reasons, though subjects were not told

this upper limit and only four subjects had a WTA that exceeded this limit. We then ran-

domly chose which of the four waiting conditions would be the real condition by having

subjects pull a number from a hat. If the randomly-chosen offer was greater than the sub-

jects WTA, the subject would earn the randomly-chosen offer and would actually wait for

30 minutes under that chosen wait condition.
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We used two practice rounds to ensure subjects understood the experiment, each time

having the subject report his WTA for each of the four conditions, randomly generating

our WTP, randomly choosing the waiting condition, and reporting whether he would have

actually waited for 30 minutes and his total earnings. The third round was played for real.

Appendix Figure A1 shows these average bids (with 95% confidence intervals) did not

change appreciably between the two practice rounds and the final round, so we focus only

on the offers in the third, real round.

Subjects earned a show-up fee of $15 for completing these three rounds as well as a

short demographic questionnaire. Earnings from the real round ranged between $9 and $35

with an average of $21.25 per subject. The mean total earnings were $22; the maximum

earned was $50. Fifty-four percent of subjects actually waited, all of whom waited for the

entire 30 minutes.

The study was preregistered in the Open Science Framework registry (7/29/2019, osf.io/fj5r8).

We solicited participation with flyers, mailers, ads in local newspapers, and classroom an-

nouncements. We also had a large local employer post the ad to their internal listserv.

We conducted the experiment with 82 subjects, drawn from Washington State University

students and staff, and community members of the surrounding community of Pullman,

WA and Moscow, ID. We dropped one subject from the analysis because he arrived at the

session without a smartphone, and a second subject who reported offers to wait for no

compensation and may have misunderstood the task.

3 Results

Forty-three percent of our 80 subjects were students and 72% were female. The median

subject was 25 years old; 35% were under 25 years old, 43% were between 25 and 45,

and 22% were over 45. Seventy-one percent were employed, 15% were unemployed or

searching for work, and 11% were retired. Of those employed, 43% were paid hourly,

earning an average wage rate of $15.98 per hour. The average annual earnings of salaried

workers was $50,657 (median = $37,500; salaries were asked in ranges). We did not ask

questions about work expectations for salaried workers, but assuming each works 40 hours
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per week and 52 weeks per year, the average implied hourly wage rate is $24.35 (median

$18.03). We assume $12 per hour, the 2019 minimum wage in Washington State, for

retired and unemployed subjects.

Each subject’s opportunity cost of time spent waiting will of course reflect their differ-

ing economic circumstances, and we calculate subjects’ offers as a fraction of their hourly

wage rate. Our interest, however, is not in estimating the value of waiting time in dollars or

as a fraction of wages. We focus on estimating the relative utility and disutility of waiting

under different conditions. The key variable of interest is therefore the relationship among

each subject’s four WTA offers, rather than differences across subjects.

The majority of subjects perceived differences in the disutility of waiting under the

four different conditions and required different compensation: only one-quarter of subjects

asked for the same compensation for all four conditions in the final, real round. The average

offer to wait for 30 minutes under the unrestricted “smartphone” treatment during the final,

real round was $11.18 (Table 1). Translated into hourly compensation, this was 180% of

the subject’s hourly wage, on average. Subjects asked for an average of $13.21, or 201% of

wages, to give up physical access to the smartphone but retain the ability to use bluetooth

for calls or listen to music (“bluetooth”). Having access only to FM radio increased mean

offers to $15.63, or 242% of hourly wages (“radio”). Subjects asked for an average of

$17.91, or 265% of wages, to wait in the empty room without a radio or access to the

phone (“nothing”). The differences in offers, in dollars or as a percentage of wages were

all statistically significant in nonparametric Wilcoxon signed pair tests (Bohm et al., 1997;

Cason and Plott, 2014; Kecinski et al., 2018).
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Table 1: Monetary compensation required to wait for 30 minutes under four conditions

Offers Test of differences
Dollars As percent of As fraction of

hourly wage smartphone offer

Mean (se) Mean (se) Mean (se) Nothing Radio Bluetooth
Nothing 17.91 (1.49) 269% (35) 1.79 (0.13) – – –
Radio 15.63 (1.42) 245% (40) 1.48 (0.08) *** – –
Bluetooth 13.21 (0.97) 204% (29) 1.24 (0.04) *** *** –
Smartphone 11.18 (0.82) 181% (32) – *** *** ***
N = 80 80 80

Notes: Test of differences in offers using Wilcoxon signed-rank test, *=significance at the 10% level, ** =
5%, ***=1%. Differences were statistically significant using offers in dollars or as a fraction of hourly wage.

We also transformed the WTA offers for the Radio, Bluetooth, and Nothing conditions

as a fraction of the offer for the waiting with full access to their smartphone. This allows

one to interpret our results as the additional compensation needed to wait with smartphone

services removed. For example, our subjects required 24% more to wait with only the

bluetooth components of their phone (and an FM radio) rather than with full use of their

smartphone (Table 1). They required 48% more to wait with only an FM radio, and 79%

more to wait with nothing.

Different transformations are possible. For example, if one was interested in under-

standing how the value of time spent traveling alone by automobile may have changed as

in-car technology improved, one could use the “radio” condition as the base case. Com-

pared to sitting with access only to an FM radio (as a driver would have experienced before

the advent of smartphones), our subjects required 12% less to wait with access to phone

services streamed over bluetooth. Our subjects required 24% less than the Radio treatment

when they had full access to the smartphone, as they might in a fully-automated vehicle,

an estimate we return to in the concluding section.

Returning to our original transformation, Figure 1 plots the fraction of additional com-

pensation needed for waiting with access to Nothing (blue dots),Radio (green squares),

and Bluetooth (red diamonds) compared to the full access to a smartphone across all par-

ticipants. The figure is ordered by the difference in the “nothing” condition, so it also

shows the quarter of respondents who did not distinguish between the conditions (the three
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Figure 1: Fraction of additional compensation required for access to nothing, radio, and blue-
tooth compared to the full use of smartphone, by age.
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symbols lie on top of each other). We partition the figure by age. We hypothesized that

responses from subjects who have grown up with smartphones would be different from

subjects who had not. As the most popular smartphone (the IPhone) was released in 2007,

we argue that subjects under the age of 25 have lived mostly in a world with smartphones.

We suspected that this younger population would demand higher compensation to wait

with restricted access to their smartphone (higher ratios in Figure 1). This pattern is not

apparent in the figure, however, and Wilcoxon rank-sum tests showed no statistical differ-

ence in the ratios of offers between subjects under and over 25 years old. For example,

the mean offer to wait with access to nothing (compared to waiting with full smartphone

access) was 1.79 among those both under and over 25 years old. To wait with access to the

radio, those under 25 required 48% more than the smartphone condition while those over

25 required 49% more. Subjects under- and over-25 required respectively 26% and 23%

more to wait with access only to the bluetooth services.
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We formalize these results in a simple pooled OLS model that controls for gender,

student status, age (a dummy for under 25 years old) and employment status (Table 2).

Standard errors are clustered at the subject level. Model 1 replicates the results from Table

1, showing the effect of the treatment programs on the offers in dollars with no controls. We

find no statistically significant impacts on offers for gender, student status, or employment

status (Model 2). The pair-wise correlation between a subject’s hourly wage rate and her

WTA offers is positive but very small in magnitude (ρ = 0.10) and marginally statistically-

significant (p=0.06). The relationship weakens when other controls are added (Table 2).

However, Lloyd-Smith et al. (2019) also find a relatively weak relationship: the correlation

coefficient between the elicited value of time and the hourly wage rate is only 0.58.

Model 3 explores interactions between demographics and differences among a sub-

ject’s four WTA offers. Interactions between age, wage rate and gender and “Bluetooth”

and “Radio” were generally not statistically-different from zero, though this model likely

over-fits our small sample. We do find that women required higher compensation for the

Bluetooth waiting condition than men, though the interaction term is only marginally sig-

nificant.

Finally, Model 4 uses the ratios of each offer divided by the offer for the Smartphone

treatment (i.e. the data in Figure 1) rather than offers themselves. The constant of 1.47

can be interpreted to mean that a subject who was male, unemployed or retired, a non-

student, and over age 25 required 47% higher compensation, on average, to wait in the

“Nothing” condition compared to the “Smartphone condition”. He required 24% more to

wait with in the Radio condition (calculated as 1.47 minus 0.23), and 9% more to wait

with “Bluetooth” compared to “Smartphone”. We again find no statistically significant

interactions with demographic controls.
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Table 2: OLS Model: WTA offers to wait for 30 minutes under four
conditions

(1) (2) (3) (4)

Offer
(dollars)

Offer
(dollars)

Offer
(dollars)

Percent of
offer for

Smartphone
treatment

Nothing 6.74∗∗∗ 6.74∗∗∗ 4.87∗∗

(6.27) (6.21) (2.12)
Radio 4.46∗∗∗ 4.46∗∗∗ 2.84 -0.23∗∗

(4.49) (4.45) (1.42) (-2.60)
Bluetooth 2.04∗∗∗ 2.04∗∗∗ 0.76 -0.38∗∗∗

(4.66) (4.61) (0.83) (-3.27)
under25 -4.93∗ -3.62 -0.098

(-1.88) (-1.41) (-0.37)
Female -0.83 -2.16 0.34

(-0.37) (-1.17) (1.59)
Student -2.06 -2.06 0.12

(-0.74) (-0.73) (0.65)
Salaried 0.22 0.22 0.040

(0.09) (0.09) (0.22)
Hourly 0.42 0.42 0.053

(0.19) (0.19) (0.26)
Hourly wage rate 0.023 -0.018 0.0015

(0.23) (-0.36) (0.22)
Radio X Under 25 -1.83 0.014

(-1.41) (0.12)
Radio X Wage Rate 0.059 -0.00072

(0.53) (-0.26)
Radio X Female 1.74 -0.10

(0.93) (-0.96)
Nothing X Under 25 -2.40

(-1.48)
Nothing X Wage Rate 0.075

(0.59)
Nothing X Female 1.98

(0.96)
Bluetooth X Under 25 -1.01 -0.020

(-1.35) (-0.10)
Bluetooth X Wage Rate 0.029 -0.0012

(0.69) (-0.26)
Bluetooth X Female 1.61∗ -0.19

(1.93) (-1.19)
Constant 11.2∗∗∗ 13.7∗∗∗ 14.9∗∗∗ 1.48∗∗∗

(13.49) (5.21) (7.92) (7.10)
Observations 320 320 320 240

Notes: Employment status is captured by dummy variables for whether the
subject works on a salaried or hourly basis; the omitted category is equal to one if
the subject was unemployed or retired. 11



To investigate what type of subjects did not distinguish between the utility of the four

conditions, we also estimated a probit model where the dependent variable was equal to

one if all four offers were the same. Neither gender, age, student status, nor employment

status (salaried versus unemployed or retired) were statistically-significant predictors of

making four identical offers (results available on request).

Finally, we explored the disutility of waiting by directly asking the 43 participants

whose offers were accepted (and who actually waited) how happy they had been “sitting

in the room for 30 minutes on a scale of 1 to 10, with 1 being very unhappy and 10 being

very happy” (Csikszentmihalyi and Hunter, 2003; Bryson and Mackerron, 2016). Nearly

all subjects reported being happy overall; only one reported a value of 5 (neither happy nor

unhappy) and none responded with an answer less than 5. The average for this momentary

happiness measure among all subjects was 7.86, with a standard deviation of 1.30. We see

no statistically-significant differences in ex-post happiness between waiting conditions.

This might be expected, though, since subjects were in the process of being paid when

they were asked, and on average had asked for more compensation for more unfavorable

waiting conditions. The average happiness in the four conditions was 7.83 for Nothing

(n=6), 7.23 for Radio (n=13), 7.78 for Bluetooth (n=9) and 8.47 for Smartphone (n=15).

We also asked the subjects who had actually waited : “if you could go back in time, do you

wish your offer had not been accepted?”. None of them expressed regrets, suggesting that

they had carefully considered their WTA offers.

4 Conclusions

We measured change in the utility of time spent waiting with and without the entertain-

ment and productivity services of smartphones by directly eliciting WTA in an incentivized

field experiment with student and non-student subjects. Three-quarters of respondents re-

quired differing levels of compensation under our four waiting conditions. On average,

subjects required 24% more to wait with only access to the bluetooth services of their

phone than with the full use of their phone, 48% more to wait with only an FM radio, and

79% more to wait in an empty, quiet room.
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Our results have implications in several strands of literature. First, we believe our

approach contributes to the literature on valuing internet services that are supported by

advertising revenue and thus “free” to the consumer. Both Brynjolfsson et al. (2019) and

Allcott et al. (2019) use incentivized mechanisms to elicit WTA for forgoing the services

of Facebook for a certain period of time. Our approach bundles together the services

smartphones provide (calls, internet browsing, using apps, streaming music or videos) and

elicits the value subjects places on those services only for a very short amount of time.

Future research could elicit WTA for longer periods of smartphone cessation to better

estimate the total value of those services over the life of the smartphone. The small fraction

of respondents in Figure 1 who asked for extremely high compensation to be without their

phones may also be relevant to researchers investigating whether smartphone use is an

“addiction” (King et al., 2013; Lee et al., 2016)

Second, our results are useful in assessing how the value of time spent traveling or wait-

ing in public transportation, including air travel, may have changed over the past decade

as smartphones have become ubiquitous. A number of researchers have suggested that

travelers might view commuting times as less onerous with access to smartphones, laptops

and tablets (Kenyon and Lyons, 2007; Lyons et al., 2016), backed up by studies that use

surveys or stated preference methods (Frei et al., 2015; Keseru and Macharis, 2018; Zhou

et al., 2018; Varghese and Jana, 2018; Kouwenhoven and de Jong, 2018). Several revealed

preference studies find the ability to multitask with smartphones or laptops increase the

probability of travelers choosing public transport modes (Pawlak et al., 2017; Malokin et

al., 2019; Wyer and Wilson, 2017).

Finally, given the continued predominance of single-occupancy vehicles among com-

muters in the United States, the value of reducing time spent travelling in private vehicles

will remain a critical parameter in transportation planning. Our results suggest that this

value of travel time savings may have decreased by approximately 12% since the advent

of bluetooth-connected phones (using the “radio” condition as the base, subjects asked for

12% less compensation to wait in the bluetooth condition). Despite the accident and legal

risks, however, many drivers do use the full set of features from their phones when driv-

ing. This suggests that our experiment, with its strict enforcement of phone access, may
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underestimate the decline in the value of travel time savings. As vehicles gain increased

autonomy this will free passengers to use their travel time in the same way that public

transit or taxi riders would.

On one hand, this would imply that the value of travel time savings attributable to

roadway investments will be smaller. Our results imply the value of reducing time spent

traveling in a fully autonomous vehicle (FAV) could be an additional 12% smaller than

saving time driving a conventional car with a bluetooth-connected phone (24% less than

driving in a car with only an FM radio). Other research on fully-autonomous vehicles

suggest that they will increase the productive use of time and decrease the disutility of

travel. Survey-based studies find that drivers say they would use time traveling in FAVs

productively or on leisure activities (see Wadud and Huda (2019)). Using a repeated stated

preference discrete choice experiment, Steck et al. (2018) finds that FAVs decrease the

value of travel time savings by 31%. Yet another conceptually similar stated preference

study suggests that respondents value time in a FAV with an “office interior” 26% lower

than time spent in a conventional car (de Almeida Correia et al., 2019). Using a combina-

tion of stated and revealed preference methods, Kolarova et al. (2018) find that the VOT for

automated driving is lower than that of conventional cars. Rashidi et al. (2020), however,

suggest that the VOT for automated vehicles (AV) may remain unchanged or even increase

if, for example, FAVs do not provide a comfortable ride that facilitates multitasking or if

riders do not trust their safety (Yap et al., 2016).

On the other hand, although our results imply a decrease in the value of travel time

savings for investments, they also point to the private benefits of research and development

in FAVs. Given the amount of time most Americans spend commuting, the welfare gains

from this increased utility of travel time in FAVs is substantial.
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A1 Supplementary Appendix

Figure A1: Mean and standard deviation of the offers for each waiting program in the three
rounds of BDM valuation of time.
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