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Abstract

According to the time-saving bias, drivers underestimate the time saved when increasing from a low speed and
overestimate the time saved when increasing from a relatively high speed. Previous research used a specific type of
task — drivers were asked to estimate time saved when increasing speed and to give a numeric response — to show
this. The present research conducted two studies with multiple questions to show that the time-saving bias occurs
in other tasks. Study 1 found that drivers committed the time-saving bias when asked to estimate (a) the time saved
when increasing speed or (b) the distance that can be completed at a given time when increasing speed or (c) the speed
required to complete a given distance in decreasing times. Study 2 showed no major differences in estimations of time
saved compared to estimations of the remaining journey time and also between responses given on a numeric scale
versus a visual analog scale. Study 3 tested two possible explanations for the time-saving bias: a Proportion heuristic
and a Differences heuristic. Some evidence was found for use of the latter.

Keywords: time-saving bias, speed estimation, time estimation, driving behavior.

1 Introduction

If you need to complete a 20 km journey, how much time
would it take at a mean speed of 40 kph? Most people
would find it easy to answer such a question — 20 km
at 40 kph takes half an hour or 30 minutes. But what if
you wanted to increase speed in order to reduce journey
time? How much time would you save if you increase
your speed to 50 kph or to 60 or 70 kph? Many peo-
ple consistently give the wrong answers to these ques-
tions. Several studies have shown that people underes-
timate the time saved when increasing from a relatively
low speed and overestimate the time saved when increas-
ing from a relatively high speed (Fuller et al., 2009; Peer,
2010; Svenson, 2008, 2009). This phenomenon has been
termed the time-saving bias (Svenson, 2008).

1.1 The time-saving bias

When drivers choose to increase their travel speed, they
do so in many cases because they believe that it will re-
duce their journey time considerably. Indeed, reducing
journey time has been found to be the main reason for
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drivers increasing speed. Drivers feel frustrated when
their speed is too low, and select routes and speeds that
will shorten journey time as much as possible (Tarko,
2009). In addition, speeding behavior is often related to
time pressure or the desire to save time (Gabany, Plum-
mer, & Grigg, 1997; McKenna, 2005). For example, in
one study, 33% of drivers caught speeding indicated that
they chose to speed because of time pressure (McKenna,
2005). Being late for a meeting or an appointment is a
common reason cited for increasing speed (Campbell &
Stradling, 2003).

An increase in speed does indeed result in a decrease of
journey time. But the question remains, how much time
is gained when speed is increased? and do drivers’ lay
intuitions correspond to the physical reality? The answer
typically found by research is that drivers’ estimations of
the time gained by increasing speed are biased. As men-
tioned earlier, people overestimate the time gained by in-
creasing from an already relatively high speed and under-
estimate the time gained by increasing from a relatively
low speed (Fuller et al., 2009; Peer, 2010; Svenson, 1970,
1973, 2008, 2009). For example, when asked to judge
which of two road improvement plans would be more ef-
ficient in reducing mean journey time, respondents pre-
ferred a plan that would increase the mean speed from 70
to 110 kph more than a plan that would increase the mean
speed from 30 to 40 kph, although the latter actually saves
more time (Svenson, 2008).
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The correct formula for calculating time gained by in-
creasing speed is

t=1cD(1/Vi —1/V5s) ey

where c is constant, ¢ is the time gained, D is the dis-
tance traveled and V; and V5 are the original and in-
creased speeds, respectively (Svenson, 2008, 2009). By
using this formula, one can see that, among the options
offered to participants in the above research, the second
plan (increasing from 30 to 40 kph) saves more time than
the first plan (increasing from 70 to 110 kph). For exam-
ple, when trying to cover a distance of 10 km, the time
saved by increasing mean speed from 70 to 110 kph is 3
minutes whereas when increasing from 30 to 40 kph the
time saved is about 5 minutes.

A recent study on speeding and the time-saving bias
offered another example relevant to real life driving sit-
uations (Peer, 2010). In this study, drivers estimated
the time a journey of 20 km might take when increas-
ing from a speed of 40 kph to 50, 60 or 70 kph. The
study found that drivers systemically underestimated the
time that could be saved when increasing from this rela-
tively low speed. Drivers estimated that increasing from
40 kph would save, on average, about 15% less time than
in reality. Moreover, their underestimations led drivers to
choose unduly high speeds: drivers who showed a high
time-saving bias, as opposed to drivers who had a low
time-saving bias, indicated a much higher speed as the
speed required for arriving on time. This effect was also
evident in choices of personal speed and the speed drivers
believed other drivers would choose in such situations
(Peer, 2010). Another research found that the time-saving
bias was associated with drivers’ tendency to underesti-
mate how braking distance and the risk of an accident
increase when accelerating (Svenson, 2009).

1.2 Why people make the time-saving bias?

If, indeed, people’s judgments deviate from the norma-
tive mathematical calculation, the question becomes what
rule or principle do they follow? By presenting partic-
ipants with the question of “how many minutes would
you save if you increase your mean speed from 70 kph to
110 kph on a 100 km trip?” using different combinations
of speed and distance, Svenson (1970, 2009) formulated
a function describing people’s judgments:

(Vo — W)
t=cD2 Y
Y,

2
where c is constant, ¢ is the time gained, D is the distance
traveled and V; and V5 are the original and increased
speeds, respectively. The difference between Formulas
(1) and (2) shows the bias in judgments of time saving
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in relation to the actual time saved (Svenson, 2009). For
example, a driver increasing speed from 40 to 60 kph for
a 20 km journey, which results in an actual saving of 10
minutes, is predicted to underestimate the time saved as
about 7 minutes.

Formula (2) is not meant to be an explanation of the
cognitive process underlying people’s judgments of time
gained by speed increase but a description of the typical
responses given to such questions. It is still unknown why
people commit this erroneous calculation and what fac-
tors, if any, increase or reduce its magnitude. Although
some reasons have been proposed, to date no study has
addressed the possible reasons underlying this cognitive
bias.

One reason that drivers may have a time-saving bias
is that they fail to take into account the impact the ini-
tial speed has on the overall time saved when acceler-
ating (Fuller et al., 2009). This neglect of initial speed
leads people to judge the time saved mainly on the basis
of the higher speed; they falsely believe that the higher
the target speed, the greater the time saved. However,
the initial speed strongly affects the potential time sav-
ing, as was demonstrated in the examples above. Svenson
(2008) also implicitly advocated this explanation when he
stated that the differences between Formulas (1) and (2)
are mainly due to the smaller weight the initial speed is
given in biased Formula (2) relative to correct Formula
(D).

Another possible explanation can be related to the way
time-saving bias problems have been presented to drivers.
Some element in presentation of the problem may have
influenced respondents and caused the bias. Accordingly,
a different presentation manner may potentially diminish
or remove the bias. As an analogy to this argument con-
sider, for example, the problem of miles per gallons vs.
gallons per mile, also known as the MPG illusion (Lar-
rick & Soll, 2008). In the U.S.A., fuel efficiency is mea-
sured by miles per gallon, instead of liters per kilome-
ters used outside the U.S.A. This form of presentation of
data has been found to have a biasing effect on people’s
perceptions of the relation between a car’s MPG and the
amount of gas it consumes: “People falsely believe that
the amount of gas consumed by an automobile decreases
as a linear function of a car’s MPG. The actual relation-
ship is curvilinear. Consequently, people underestimate
the value of removing the most fuel-inefficient vehicles.”
(Larrick & Soll, 2008, p. 1593). However, when given
fuel efficiency as amount of gas consumed per given dis-
tance (e.g., gallons per 100 miles — GPM), respondents
adequately assessed differences in cars’ fuel efficiency
(Larrick & Soll, 2008, Study 3).

Alternatively or additionally, a person’s ability to es-
timate time saved due to a speed increase as opposed to
estimating the remaining journey time after a speed in-
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crease may not be the same. In most studies to date re-
searchers asked drivers to estimate the time saved, and not
the remaining journey time (Fuller et al., 2009; Svenson,
2008, 2009). Possibly, estimating the remaining jour-
ney time, instead of the time saved, may affect the time-
saving bias. These two alternative modes of presentation
(time saved vs. remaining journey time) have yet to be
empirically compared.

Tasks also differ in the nature of the data the question
provides and the data participants are asked to estimate.
Questions typically give drivers the distance and initial
speed and ask them to estimate the time saved (or jour-
ney time) at higher speeds (Fuller et al., 2009; Peer, 2010;
Svenson, 1970, 1973, 2008, 2009). However, if we want
to know how drivers estimate distance or speed, instead
of time saved, we can give the journey time and ask re-
spondents to estimate the other parameters of speed or
distance. That is, ask drivers to estimate the distance that
can be completed in a given time when increasing speed.
For example, a question can present a driver who is in-
creasing from 40 kph for 30 minutes and then ask par-
ticipants to estimate the distance the driver will cover in
these 30 minutes when driving at higher speeds (i.e., 50,
60 or 70 kph). A differently worded question can present
a given distance and ask respondents to estimate the re-
quired speed for various journey times. The responses
to such questions can tell us whether or not drivers also
commit the time-saving bias when answering differently
phrased questions.

The response scale may also influence the time-saving
bias. The opportunity to provide more precise responses
might diminish the bias. An analog scale, rather than a
numeric scale, may be one solution. Researchers (e.g.,
Grant et al., 1999) showed that visual analogue scales
(VAS) are sometimes more sensitive than other scales
such as Likert or Borg scales. If VAS are more sen-
sitive, it is important to check whether the time-saving
bias occurs when they are used, as opposed to numeric
responses.

To conclude, several task properties may be involved
in the time-saving bias. The present research explored
these properties in two independent studies: Study 1
used a within-participants paradigm to explore differ-
ences in drivers’ responses to time-saving bias questions
with different parameters to be estimated: Some ques-
tions were traditional time-saving bias questions asking
drivers to estimate the journey time after a speed increase
(with varying distances and initial speeds); some ques-
tions asked drivers to estimate the distance that could be
completed within a given time when increasing speed;
and other questions asked drivers to estimate the required
speed to complete a given distance in varying times.
Study 2 used a between-participants paradigm to explore
whether drivers’ estimations of journey time when in-
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creasing speed differ when they are asked about time
saved vs. remaining journey time. In addition, Study 2
manipulated the response scale given to participants and
compared responses made on a numeric scale versus a
visual analog scale. Study 3 is an additional analysis of
data from the first two studies.

2 Study1
2.1 Method

Participants. Seventy-nine participants (32 males and 47
females) who held a valid driving license and reported
being active drivers were included in this study. Drivers’
ages ranged between 21 and 53 with a mean of 24.9 and
standard deviation of 3.8. Drivers had had their driving
license between 1 to 34 years with a mean of 7.0 years
(SD = 3.8). Participants reported driving an average of
618.6 km a month (SD = 480.6).

Design and procedure. Participants filled out a ques-
tionnaire described as part of a driving behavior research
program and received 20 NIS ("6 USD) for their partici-
pation. First, participants answered eight different ques-
tions measuring the time-saving bias. In each question,
a driving situation was presented in which a driver accel-
erates speed in order to save time and participants were
asked to estimate the journey times at higher speeds. For
example, question #1 stated: “A truck driver is travelling
at a mean speed of 40 kph for a journey of 40 km. At this
speed, it will take him 60 minutes to complete his journey.
Your task is to estimate, without any formal calculation,
how much time it will take to complete this 40 km journey
if the driver speeds up.” Participants were asked to esti-
mate how much time (in minutes) the journey will take
at speeds of 50, 60, 70 or 80 kph. The hypothesis for
these type of questions was that drivers would underes-
timate the time saved when increasing from a relatively
low speed.

Additional three questions followed the same format
with differences in initial speed and distance: Question
# 2 was about a train increasing from a lower speed (20
kph) and covering a longer distance (60 km); Question
# 3 concerned a tractor increasing from a low speed (10
kph) for a shorter distance (10 km) and question #4 was
about a cheetah increasing from a higher speed (50 kph)
for a very short distance (100 meters). In each question,
participants were asked to estimate the journey time at
higher speeds: In questions #1 and #2 at 10, 20, 30 or 40
kph higher than the initial speed and in questions #3 and
#4 at 5, 10, 15 or 20 kph higher than the initial speed. The
full wording of the questions and items can be found in
the Appendix.

Four more questions asked participants to estimate ei-
ther distances in a given speed and journey time or the re-
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quired speed at a given distance and journey time. Ques-
tion #5 was modeled after the question in Peer’s (2010)
study except that here a driver was increasing from 40 kph
for 30 minutes and participants were asked to estimate the
distance he will cover in these 30 minutes at speeds of 50,
60 or 70 kph. Question #6 was similar to question #5 ex-
cept that the initial speed was 50 kph. The hypothesis for
these type of questions was that drivers would underesti-
mate the distance that can be completed when increasing
from a relatively low speed.

Question #7 involved driving at a speed of 50 kph for
50 km (which results in a journey time of 60 minutes) and
participants were asked to estimate the speed required for
arriving in 50, 40, 30 or 20 minutes. Question #8 was
the same as question #7 but the initial speed was 40 kph,
the distance was 20 km (resulting in a journey time of
30 minutes), and participants were asked to estimate the
speed required for arriving in 25, 20, 15 or 10 minutes.
Since speed is inversely related to time, the hypothesis
for these questions was that drivers would overestimate
the speed required to arrive at a destination at a given
time when the initial speed is relatively low.

The order of all questions was counter-balanced across
questionnaires. Participants then provided demographic
details including gender, age, type of driving license,
years of having a license and the amount of kilometers
they drive per month. Participants also reported speeding
violations they had had in the last five years.

2.2 Results and discussion

To prepare the data for analysis, first, the validity of re-
sponses was checked and responses that deviated from
the possible range of answers were omitted. For example,
if a participant indicated that journey time was longer for
a speed of 50 kph than for a speed of 40 kph, that answer
was omitted. These omitted items, with the addition of
unmarked items, summed up to 8.1% (77/948) missing
values.

In order to compare results across questions and items,
the following transformations were made to the raw
scores. (The raw scores’ means and difference from the
correct response for each item are given in the Appendix.)
For the first four questions, drivers’ estimated journey
time was converted to estimations of time saved by re-
ducing journey time estimates from the original journey
time at the initial speed. These time saving estimates
were compared to the real time saved calculated math-
ematically using Formula (1) above. For example, if in
question #1, the respondent said that if the truck driver
increased his speed from 40 to 60 kph, it would take him
50 minutes to complete the journey, whereas Formula 1
shows that the correct response is actually 40 minutes,
the answer was coded as —10. The respondent underes-
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timated the time saved by 10 minutes (in reality journey
time decreased from 60 to 40 min so that 20 min could
have been saved). This score was then converted into the
proportion of overestimation. For example, the above dif-
ference of 10 minutes between estimated and actual time
saved represents an underestimation of 50%, or an over-
estimation of —50%, and was coded as —.5. Thus, posi-
tive values represented overestimations whereas negative
values represented underestimations.

High reliability coefficients were found for the items
within each question, for all the questions. Cronbach’s al-
pha measures ranged from .83 to .98 with a median of .94;
moreover, the vast majority of items (87%) within ques-
tions showed high correlations (r > .8) with the question’s
corrected-total score. Thus, responses to different items
within a question were averaged to produce a score that
showed the average proportion of overestimation (posi-
tive values) or underestimation (negative values). For the
additional questions in which the responses concerned
distances or speeds, participants’ responses were com-
pared to the correct answer computed in terms of dis-
tances or speeds. The percentage of over- or underestima-
tion was computed in a similar manner to that employed
for the first questions.

Table 1 shows the mean proportions of overestima-
tions or underestimations of time saved when increasing
speed (questions #1 to #4), overestimations or underesti-
mation of distance that could be completed when increas-
ing speed (questions #5 and #6), and overestimations or
underestimation of speed required to complete a given
distance in less time (questions #7 and #8). As can be
seen, in three of the four first questions the expected mis-
estimations are evident: participants underestimated the
time saved when increasing speed by 8%, 15% and 24%,
respectively, on average. However, in the cheetah ques-
tion (#4) participants overestimated the time saved when
increasing speed by 16% on average. This finding con-
tradicts the prediction of the time-saving bias and will be
discussed later on. One-sample t-tests were conducted
for each question separately, comparing each to the zero
value, which represents no deviation from the correct es-
timation and the result in all cases was the rejection of
the null hypothesis. More importantly, 90% confidence
intervals were computed for each question and are shown
in Table 1.

To examine estimation of distance instead of time,
question #5 asked participants to estimate the distance
that can be covered when increasing from 40 kph to 50,
60 or 70 kph for a 30-minute journey. As shown in Ta-
ble 1, drivers consistently underestimated this distance by
an average of 17%. This means that drivers believed that
they would cover a shorter distance in 30 minutes when
increasing speed than in reality. For example, drivers es-
timated on average that when increasing from 40 to 60
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Table 1: Mean proportion of overestimation, standard deviations, t-test and confidence interval values for the responses

to 8 time-saving bias questions in Study 1.

Mean (SD)

#) Ouestion . 90%Confidence
e overesimatint Intervl

(1) Time when (truck) accelerating from 40 kph —.08 (.1) —5.10* [—.11, —.05]
(2) Time when (tractor) accelerating from 10 kph —.24 (.3) —6.89% [—.30, —.18]
(3) Time when (train) accelerating from 20 kph —.15(2) —8.02% [—.19, —.12]
(4) Time when (cheetah) accelerating from 50kph 16 (1) 11.30* [.14, 19]

(5) Distance completed accelerating from 40 kph —.17 (.3) —4.30%* [-.23, -.10]
(6) Distance completed accelerating from 50 kph —.17(4) —3.85% [-.24, -.09]
(7) Speed required to complete 50 km 12 (.1) 8.66* [.10, .14]
(8) Speed required to complete 20 km .09 (.2) 4.23% [.05,.12]

2 The figures here represent the proportion of overestimation of time saved compared to the actual time
that can be saved according to Formula (1), averaged across each question’s options. Positive values
represent overestimations while negative values represent underestimations.

*p< .01

kph, they would drive approximately 25 km in 30 minutes
when, in reality they would have driven 30 km. The same
degree of bias was also found for question #6. These find-
ings show that drivers demonstrated a time-saving bias
in the same direction both when asked to estimate the
distance that can be covered at higher speeds and when
asked to estimate the time saved when increasing speed.

Questions #7 and #8 examined estimations of required
speed instead of time or distance. Here, the distance was
fixed (50 or 20 km, respectively) and drivers had to es-
timate the speed required to arrive in less than an hour
(question #7) or less than half an hour (question #8). In
this case, the time-saving bias predicts that drivers would
overestimate the speed required to arrive on time and in-
dicate higher speeds than actually required. As predicted,
drivers overestimated the speed required to arrive in less
time by 9% to 12%. Again, this shows that the time-
saving bias was found in the predicted direction whether
the question required drivers to estimate time, distance or
speed.

To test for any differences within-participants in their
responses to the three types of questions (estimating time,
distance or speed), repeated measures analyses were per-
formed with the question type as a within-participants
factor. In order to conduct this analysis, responses to
questions of the same type were averaged to produce a
single mean score for each question type: the mean of
questions #1 to #4 were labeled “time” type questions;
questions #5 and #6 were “distance” type and questions
#7 and #8 were “speed” type questions. All scores were
computed with absolute values so that underestimations
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of time could be compared to the underestimations of
distance and to overestimations of speed. These three
scores showed similar means: 16.3%, 18.6% and 13%
for time, distance and speed, respectively (SD = .15, .32
and .1, respectively). Repeated measures analysis with
the question type as a within-participants factor showed
no statistically significant differences within participants
among the three types of questions; Wilk’s Lambda = .93,
F (2, 148) = 2.64, p = .08, eta squared = .07. The cor-
relations between these three composites were inconsis-
tent: While “time” questions correlated negatively with
“speed” questions (r =.21, p = 0.07) and with “distance”
questions (r = .37, p < .01), “distance” questions did not
correlate with “speed” questions (r = .08, p = .52).

These three composite scores were also used to exam-
ine individual differences in the time-saving bias regard-
ing gender, age, years of having a license and number
of speeding violations. Multiple regression analyses pre-
dicting the scores in the time, distance or speed questions
showed that none of these independent variables was a
significant predictor. This lack of individual differences
in the time-saving bias corresponds to the findings of pre-
vious studies (Peer, 2010).

Study 1 showed that certain forms of the task — ask-
ing people to estimate the distance or speed instead of
estimating the remaining journey time — did not affect
the time-saving bias. This affirms that the time-saving
bias may indeed be a genuine cognitive bias, rather than
an artifact of mode of presentation. However, one ques-
tion (question #4, the cheetah accelerating from 50 kph
for 100 meters) showed an overestimation of time saved,
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contrary to the prediction of the time-saving bias: that
people underestimate the time saved when increasing
from a low speed and overestimate the time saved when
increasing from a high speed (Svenson, 2008). A speed
of 50 kph is considered relatively low in most time-saving
bias studies and should have produced an underestima-
tion of time saved instead of an overestimation. One pos-
sible explanation for this anomaly may be the factor of
distance. Distance is related to the degree of the time-
saving bias such that in higher distances, the bias is pre-
dicted to be larger (Svenson, 2008). In question #4 the
distance used was extremely short — only 100 meters —
compared to typical distances found in other time-saving
bias studies. It is possible that the short distance made
people evaluate the speed as relatively high and reversed
the direction of the bias. Moreover, the general public
may consider a cheetah to be a very fast animal, so that
when presented with both 50 kph and a very fast animal,
moving at 50 kph sounded fast. Another possibility is that
the overestimations are due to the fact that in question #4
the distance was given in meters instead of kilometers.
This may have made participants judge the question dif-
ferently than the other questions that used kilometers.

3 Study 2

Study 1 compared three alternative task formats (time,
distance or speed questions) and showed that participants
did not display any differences in these three modes of
presentation. However, Study 1 did not examine two
other task variations: estimations of journey time vs. time
saved, and estimations based on numeric responses vs.
a more precise analog visual scale. These factors could
not have been examined in Study 1, which used a within-
participants design, so another study was conducted in
order to manipulate these factors between participants.

3.1 Method

Farticipants. One hundred and thirty-nine students (49
males and 90 females) who held a valid driving license
and reported to be active drivers were included in the
sample. Participants’ age ranged from 21 to 30 with a
mean of 25.6 (SD = 2.5). All held a valid car driving
license from between 1 to 13 years with a mean of 6.8
years (SD = 3.5). Participants reported driving an aver-
age of 481.2 km a month (SD = 470.4).

Design and Procedure. Participants filled out a ques-
tionnaire that was described as part of a driving behavior
research program and received 10 NIS (about $3, U.S.)
for their participation. Participants first answered three
time-saving bias questions similar to the questions used
in Study 1: The truck increasing from 40 kph for 40 km;
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the tractor increasing from 10 kph for 10 km; and the train
increasing from 20 kph for 60 km. Half of the participants
were asked to estimate the new journey time following
the speed increase (as in Study 1) while the others were
asked to estimate the time saved due to the speed increase.
Half of each group was asked to provide numerical re-
sponses (as in Study 1) while the other half gave their
estimation on an analogue scale. The analogue scale was
a straight line that ranged from minimal to maximal val-
ues: for the “time saved” condition the range was from
zero time saved to the original full time of the journey;
for the “journey time” condition, the range was from the
original full time of the journey to zero journey time. The
scale also had a mark exactly in the middle showing the
middle range value of the scale. Participants were asked
to mark their estimations of time saved or remaining jour-
ney time, according to the condition to which they were
assigned, on the line. Participants also filled out demo-
graphic details as described in Study 1.

3.2 Results and discussion

The validity of the responses to all questions was checked
as described in Study 1, resulting in 4.6% (77/1591) miss-
ing values, including unmarked items, which were omit-
ted from the analyses. For the analogue scale group,
responses were coded using a centimeter ruler and the
marks were converted into minutes of time saved. For
the group estimating the remaining journey time, re-
sponses were converted to time saved by subtracting the
response from the original journey time. Finally, re-
sponses were converted to proportions of overestimation,
averaged across question items and converted into mean
proportions in the same manner as detailed in Study 1.

Table 2 compares the mean proportions of underes-
timations of time saved when increasing speed for the
four conditions, across the three questions. As can be
seen, the time saved when increasing speed was signif-
icantly underestimated in all cases, ranging from —6%
to —38% with a median of —15%. However, the dif-
ferences between the four conditions were not consistent
in the different questions. In the truck question a larger
bias (higher underestimation) was found when partici-
pants were asked about time saved and gave numeric re-
sponses. In the other two questions participants who esti-
mated remaining journey time on an analog scale showed
the highest bias.

A multivariate analysis of variance (MANOVA) on all
questions, with type of question (remaining time vs. time
saved) and type of scale (numeric vs. analog response) as
between-participants factors, showed a significant effect
for type of scale and type of question (Wilk’s Lambda
=.9, .82, F (3, 85) = 3.0, 6.1, respectively, p <.05) but


https://doi.org/10.1017/S1930297500001649

Judgment and Decision Making, Vol. 5, No. 7, December 2010

483

Time-saving bias

Table 2: Mean proportion of overestimation of time saved by type of response scale (numeric vs. analog) and question
type (remaining time vs. saved time) (SDs are in parentheses)

Question
Scale Question type N Truck Tractor Train Overall
Numeric Remaining time 30 —.10 (.02) —.28 (.04) —.16 (.02) —.15(.03)
Saved time 37 —.14(.01) —.13 (.04) —.06 (.02) —.10(.03)
Analog Remaining time 31 —.10(.01) —.38 (.04) —.22 (.02) —.20 (.03)
Saved time 29 —.07(.02) —.33(.04) —.21 (.02) —.18 (.03)

Note: Figures represent the proportion of overestimation of time saved compared to the
actual time that can be saved according to Formula (1), averaged across each question’s
options. Positive values represent overestimations while negative values represent under-

estimations.

not for the interaction (Wilks’s Lambda = .95; F (3, 85)
= 1.41, p = .25). Analysis of between-participant effects
showed that the effect found for type of scale was evi-
dent only in the tractor question, F' (1, 87) = 7.48, p <
.01. This effect showed that in the tractor question partic-
ipants who gave a numeric response underestimated the
time saved more than participants in the analog scale con-
dition (average of 33% compared to 22%, respectively).
Pair-wise comparisons showed that this was a statistically
significant difference (p < .05) whose 95% confidence in-
terval ranged from .05 to .32. No significant differences
were found for the truck or train question. Regarding
type of question, effects were found in both the tractor
and train questions, F' (1, 87) = 6.38, 5.42, respectively,
p < .05. This effect showed that for the tractor and train
questions participants in the remaining time condition un-
derestimated the time saved less than participants in the
time saved condition (averages of 19% and 11% com-
pared to 35% and 22%, respectively). Pair-wise com-
parisons showed that both were significant differences (p
< .05). The 95% confidence intervals of the differences
were .04 to .31 for the tractor question and .02 to .19 for
the train question.

Although some differences were found between the
different modes of presentation, the time-saving bias was
demonstrated in the predicted direction in all conditions
in Study 2. The fact that the time-saving bias was larger
or smaller in different conditions (i.e., larger for time
saved than for remaining journey time) does not imply
that the existence of the bias is dependent on the mode
of presentation. Moreover, because each question could
be considered a different measure of the time-saving bias
for the particular situation, it is important to examine
the differences between modes of presentation across all
questions combined. Consequently, an additional analy-
sis was computed for an overall score that was the aver-
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age of the three questions combined. The means of this
overall score are shown on Table 2. Analysis of variance
showed no statistically significant differences in the over-
all score among the types of scales or questions, F (1,
123) = .5, 1.45, p = .48, .23, eta squared = .004, .01, re-
spectively. The conclusion here is that the time-saving
bias occurred similarly in all conditions in Study 2, re-
gardless of the type of question (time saved or remaining
journey time) or the scale used for the response (numeric
or visual analog scale).

The three questions showed low to medium correla-
tions (r = .29 between the truck and tractor questions, r
= .39 between the truck and train questions; and r = .45
between the tractor and train questions, all p < 0.01). As
in Study 1, regression analyses showed no individual dif-
ferences in the time-saving bias for each of the questions
or for the overall score regarding gender, age, years of
having a license or number of speeding violations.

4 Study3

The results of Study 1 and Study 2 showed that the ma-
jority of participants gave responses that deviated from
the normative response. An important remaining ques-
tion concerns what, if any, strategies people employ that
lead them to these non-normative responses. The aim of
Study 3 was to re-analyze the responses for questions in
Study 1 and Study 2 in order to explore possible models
that can describe non-normative responses.

One such model already described here is the Propor-
tion heuristic (Svenson, 2008). According to the Propor-
tion heuristic, people use the speed increase as a propor-
tion of the higher speed when estimating the time saved.
Formula (2) above can be used to predict responses that
follow the Proportion heuristic. Another model that can
be tested may be called the Differences heuristic. Ac-
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Table 3: Number and percentage of responses classified to each of the three models in the three questions used in

Study 1 and Study 2 (N=159).

Truck Tractor Train
Model N Percent N Percent N Percent
Normative 50 31.45 44 27.67 42 26.42
Proportion 58 36.48 19 11.95 42 26.42
Differences 98 61.64 90 56.60 82 51.57
Differences and Normative overlap 39 24.53 39 24.53 39 24.53
Differences and Proportion overlap 36 22.64 10 6.29 26 16.35
Unclassified 28 17.61 47 29.56 43 27.04

cording to this heuristic, people may judge the time that
can be saved based solely on the difference between the
higher and lower speed, assigning no weight at all to
the initial speed. This model predicts that people’s es-
timations for increasing from 30 to 40 kph, for example,
would be the same for increasing from 40 to 50 kph, etc.

5 Method

One hundred and fifty-nine drivers (65 males and 94 fe-
males) who participated in Study 1 or Study 2 and re-
sponded to the three questions used both in Study 1 and
Study 2 (the “Truck”, “Train” and “Tractor” questions)
were selected for the analysis. Participants’ responses
to the three questions were analyzed and classified to
one of the following models: a) Normative — responses
that were up to 5 percent higher or lower than the cor-
rect response as calculated by Formula (1); b) Proportion
heuristic — responses that were up to 5 percent higher
or lower than responses calculated by Formula (2) and
¢) Differences heuristic — responses in which the differ-
ences between at least three out of the four items in a
question were similar (up to 5 percent higher or lower).
Due the margins used for the classification of the models,
some overlap between the Differences model to the Nor-
mative and Proportion models was possible. Thus, two
more categories were constructed containing responses
that fitted either the Normative and the Differences mod-
els or the Proportion and Differences models. There was
no overlap between the Normative and Proportion mod-
els. Responses that did not fit to any of the models were
denoted as “Unclassified”.

6 Results and discussion

Table 3 shows the number and percentage of responses
for each question that were classified to either the Nor-
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mative model, Proportion heuristic or Differences heuris-
tic. These categories include the responses which were
also classified to another model. The next two categories
show the percentage of overlap between the Differences
heuristic to the Normative or Proportion models. For ex-
ample, in the Truck question, the 61.64% of responses
classified to the Differences model include 24.53% which
were also classified to the Normative model and 22.64%
which were also classified to the Proportion model.

As can be seen, the three models were able to clas-
sify the majority of responses in all three questions leav-
ing less than 30% of the responses unclassified. Among
the three models, more responses fitted the Differences
heuristic than the Proportion heuristic or the Normative
model, in all three questions. However, there was a high
degree of overlap among the models as approximately
40% of the responses fitted more than one model: Al-
most 25% of the responses in all the three questions fit-
ted both the Differences and the Normative models; also,
an average of 15% of responses fitted both the Differ-
ences and the Proportion heuristics across the three ques-
tions. There were differences between the frequency of
the models across the three questions (x? (25) > 62.7, p <
.0l).

The high degree of overlap, as well as the differences
between the frequencies of models in the different ques-
tions, hampered the attempt to arrive at a conclusive
conclusion regarding a model that describes participants’
non-normative responses. These limitations are mainly
due to the values used as distances, times and initial and
higher speeds in the three questions. Future research
should encompass a wider array of questions and prob-
lems and choose the values used as distance, time and
speed in a way that will enable a discriminating analysis
among the models.
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7 General discussion

Drivers’ estimations of time saved when increasing speed
were found to be systematically biased: drivers generally
perceived the time saved when increasing from a rela-
tively low speed to be lower than in reality. This find-
ing is consistent with previous studies that explored the
time-saving bias (Fuller et al., 2009; Peer, 2010; Sven-
son, 1970, 1973, 2008, 2009). The results of both Study
1 and 2 confirmed that the time-saving bias may be con-
sidered a genuine, systemic and robust cognitive bias that
occurs in the predicted direction when different tasks are
employed. Specifically, the bias occurs whenever drivers
are asked to estimate journey time following a speed in-
crease as well as when asked to estimate the distance that
can be covered in a given time following a speed increase.
Similar bias was also found when drivers had to estimate
the minimal speed required to cover a given distance in
less time. Study 2 compared estimations of time saved to
estimations of remaining journey time and also compared
responses given on a numeric scale versus a visual ana-
log scale. The bias occurred in all situations to a similar
degree, without any major differences between the four
conditions.

The lack of within-participants differences in Study 1
is an especially interesting finding. The absence of such
differences across eight different questions is strong evi-
dence that the bias occurs on the individual level. People
have biases whether they are estimating time saved, dis-
tance to be completed or speed required for arriving on
time. In addition, the bias appeared in questions concern-
ing different levels of speed, journey distances or periods
of time. Moreover, in both Study 1 and 2 there were no
effects of gender, age or years of having a license or num-
ber of speeding violations on the time-saving bias.

Although, overall, the magnitude of the time-saving
bias in the differently phrased questions did not vary
much, some differences are still worth mentioning as di-
rections for future research. First, answers to question #4
in Study 1 (the cheetah accelerating from 50 kph for 100
meters) showed an overestimation of time saved opposed
to underestimations found in responses to other questions
involving estimations of time saved (questions #1 to# 3)
and in contradiction to the time-saving bias’ prediction.
As proposed earlier in the discussion of Study 1, the short
distance (100 meters) may have been the cause for the re-
versed bias. The interesting point here — and a possible
further research direction — is that drivers may be con-
sidering speed in these cases in relation to some other
factor, which in turn determines the direction of the time-
saving bias. Thus, a speed considered low in one situa-
tion and leading to an underestimation of time-saved, if
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“framed” as a relatively high speed may induce the oppo-
site bias of overestimation. Additional research can pur-
sue this line of investigation.

Another difference worth mentioning was the one
found in Study 2 that suggests that some elements of the
task may affect the magnitude of the bias. Specifically, in
two of the three questions in Study 2 it was found that par-
ticipants who estimated the time saved showed a greater
bias than participants who estimated remaining journey
time. Since many studies have used the “time saved” type
of question (Fuller et al., 2009; Svenson, 2008, 2009),
this finding may point to the possibility that some esti-
mations of the time-saving bias magnitude have been in-
flated. The form used by Peer (2010), for instance, for
asking about remaining journey time produces a smaller
bias in most cases and can thus be considered a more con-
servative measurement of the bias. The problem remains,
however, as to how to ascertain which type of question
leads to the more correct bias measurement.

Peoples’ estimations of time saved when increasing
speed are generally biased in a systemic and predictable
manner. The current study added to the existing studies in
the area that demonstrated the time-saving bias and linked
it to speed choices (Peer, 2010) and to faulty estimations
of braking distance and accident risk (Svenson, 2009).
However, this study did not include questions of increas-
ing from a relatively high speed, which is predicted to
result in overestimations of the time that can be saved.
Future studies may explore increases from high speed as
well.

Faulty estimations of time saved when increasing from
a low or a high speed can have either positive or negative
consequences. On the one hand, if people realize that
increasing from a low speed saves them more time than
they need, they may choose a lower speed. On the other
hand, if people know they can save more time by increas-
ing speed, they may do so more often. The same holds
true when increasing from a high speed: If drivers know
that a speed increase will save them less time than they
estimate, they may be inclined to drive even faster; on the
other hand, they may choose to avoid the higher risk of
an accident and not speed at all.

This study has shown that the time-saving bias should
be considered a genuine cognitive bias that probably
stems from some flaw in our human reasoning regard-
ing this issue. As mentioned earlier, the common rea-
son for committing the time-saving bias is considered to
be people’s tendency to neglect the effect of the initial
speed on the time that can be saved and focus primarily
on the higher speed: when increasing to a high speed peo-
ple expect to save more time than in actuality and when
decreasing to a relatively low speed people expect to save
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less time than in actuality. This over-emphasis on increas-
ing speed results in neglect of the initial speed, which is
much more important in determining the time that can be
saved: if the initial speed is low, much time can be saved;
if the initial speed is relatively high, little time can be
saved. The results of this study, which ruled out irrele-
vant factors as being responsible for the bias, paves the
way for more research that may further test the explana-
tion that people commit the time-saving bias because of
a neglect of the effect of initial speed on the time that can
be saved when increasing speed.
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Appendix: Questions’ wording, correct responses and descriptive and infer-
ential statistics for Study 1.

Question wording tem COTeCt N Mean Sp @ Mean . b
response Diff.

1. A truck is travelling at a mean speed of

40 kph for a journey of 40 km. At this 60kph 40 75 4444 73 444 525 <0l
speed, it will take the truck 60 minutes to

complete the journey.

Estimate, w1th0ut apy ff)rmal calculation, 70 kph 34 75 38.92 10.1 4.92 401 <01
how many minutes it will take the truck to

complete this 40 km journey if the driver
speeds up. What will be the journey time
if the truck will increase to:

80 kph 30 75 3228 126 2.28 1.57 A2

2. A tractor is travelling at a mean speed of

10 kph for a journey of 10 km. At this 15 kph 40 72 4771 6.7 7.71 977 <01
speed, it will take the tractor 60 minutes to
complete the journey.

Estimate, without any formal calculation, 20 kph 30 72 3840 10.0 8.40 7.15 <01
how many minutes it will take the tractor
to complete this 10 km journey if it speeds

up. What will be the journey time if the ~ 25kph 24 72 3258 120 858  6.09 <0l
tractor will increase to:

30 kph 20 72 25.65 149 5.65 323 <01

3. A train is travelling at a mean speed of

20 kph for a journey of 60 km. At this 25 kph 144 75 156.77 175 1277 633 <01
speed, it will take the train 180 minutes to
complete the journey.

Estimate, without any formal calculation, 30 kph 120 75 14052 21.8 2052 8.16 <01
how many minutes it will take the train to
complete this 180 km journey if it speeds

up. What will be the journey time if the ~ 35kph 103 75 12687 287 23.87 720 <0l
train will increase to:

40 kph 90 75 10995 343 1995 503 <01

4. A cheetah is running after its prey,
which is standing 100 meters away, at a 60kph 108 74 1062 17 —018 -091 .36
mean speed of 50 kph. At this speed, it will
take the cheetah 12 minutes to complete
the journey. , J0kph 994 75 907 28 077 240 .02
Estimate, without any formal calculation,
how many minutes it will take the cheetah
to complete these 100 meters if it speeds
up. What will be the journey time if the
cheetah will increase to:

80 kph 9.3 75 7.80 3.7 -1.50 -3.57 <01

90 kph 8.8 74 6.63 4.7 —2.17 =399 <01
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Question wording Ttem rgsopr(r;zte N Mean SD l\gie;n ) p
5. A driver travelling at a mean speed of 40 50 kph 25 78 2874 2.8 374 375 <0l

kph for 30 minutes can complete 20 km.

Estimate, without any formal calculation,
what is the distance that can be 60 kph 30 78 3483 105 4.83 4.06 <01

completed if the driver will increase to:

70 kph 35 78 4147 123 6.47 4.66 <01

6. A driver travelling at a mean speed of 50 60 kph 30 77 3403 12.1 423 308 <01
kph for 30 minutes can complete 25 km. ] ' ] ] ]

Estimate, without any formal calculation,
what is the distance that can be 70 kph 35 77  40.82 133 5.82 3.84 <01

completed if the driver increases to:

80 kph 40 77 4740 15.0 7.40 434 <01

7. You need to get to a destination 50 km 50 60 76 61.26 6.6 1.26 1.66 10
away. If you drive at a mean speed of 50 min. ’ ' ' ' '
kph, it will take you 60 minutes to arrive at
your destination. 40
Estimate, without any formal calculation, min. 75 76 72.87 120 213 -—1.54 13
what is the speed required to complete
this 50 km journey at: 30
. 100 76 89.14 186 —10.86 —5.10 <.01
min.
20
. 150 76 106.51 29.2 —4349 —1297 <.01
min.
8. You need to get to a destination 20 km 25 48 75 4933 113 133 102 31
away. If you drive at a mean speed of 20 min. ' ' ' ’ ’
kph, it will take you 60 minutes to arrive at
your destination. 20
Estimate, without any formal calculation, min. 60 75 59.88 13.5 -0.12 -0.08 94
what is the speed required to complete
this 20 km journey at: )
.5 80 75 7236 177 —-7.64 -3.73 <01
min.
10
. 120 75 8837 27.0 -31.63 —10.16 <.01
min.
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