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a b s t r a c t

Take-over requests in automated driving should fit the urgency of the traffic situation. The robustness of
various published research findings on the valuations of speech-based warning messages is unclear. This
research aimed to establish how people value speech-based take-over requests as a function of speech
rate, background noise, spoken phrase, and speaker's gender and emotional tone. By means of crowd-
sourcing, 2669 participants from 95 countries listened to a random 10 out of 140 take-over requests, and
rated each take-over request on urgency, commandingness, pleasantness, and ease of understanding. Our
results replicate several published findings, in particular that an increase in speech rate results in a
monotonic increase of perceived urgency. The female voice was easier to understand than a male voice
when there was a high level of background noise, a finding that contradicts the literature. Moreover, a
take-over request spoken with Indian accent was found to be easier to understand by participants from
India than by participants from other countries. Our results replicate effects in the literature regarding
speech-based warnings, and shed new light on effects of background noise, gender, and nationality. The
results may have implications for the selection of appropriate take-over requests in automated driving.
Additionally, our study demonstrates the promise of crowdsourcing for testing human factors and er-
gonomics theories with large sample sizes.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

1.1. Take-over requests

Until cars can drive autonomously, there will be situations
where the driver has to resume manual control. Prior to such
control transition, the automation may issue a take-over request to
the driver (SAE International, 2016; Zeeb et al., 2015). How to
provide a take-over request is a widely studied topic in human
factors and ergonomics (Hergeth et al., 2015; Naujoks et al., 2014;
Petermeijer et al., 2016; Pfromm et al., 2015).

A take-over request can be provided through pre-recorded voice
(Gold et al., 2015; Mok et al., 2015; Politis et al., 2015), which may
be an effective approach because humans are able to perceive
nical Engineering, Faculty of
lft University of Technology,

skyy).
sounds irrespective of head or eye orientation (Bazilinskyy and De
Winter 2015). In aviation, a similar approach is used: traffic alert
and collision avoidance systems (TCAS), which are mandatory in
today's aircraft, apply voice commands (Kuchar and Yang, 2000).

Take-over situationsmay be of different urgency. Several studies
have measured driver behavior in highly urgent situations, such as
Mok et al. (2015), who found that 50% of the drivers veered off the
road when a critical lane-closure event followed only 2 s after a
take-over request (“Emergency, Automation off”). Other studies
have been concerned with larger lead times of 5 or 7 s (Gold et al.,
2013; see Eriksson and Stanton, 2017; for an overview) or with
discretionary transitions having a low urgency (Damb€ock et al.,
2013; Merat and Jamson, 2009; Nilsson et al., 2013). Politis et al.
(2015) found that participants reacted 1.3 s faster to urgent take-
over requests (“Danger! Collision imminent; You have control!”)
than to non-urgent ones (e.g., “Warning! GPS signal weak; Want to
take over?”). In sum, how to convey the right sense of urgency is
regarded as an important topic in automated driving research.
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1.2. Speech warnings

Previous research has shown that semantics have an effect on
urgency, in that aword such as ‘danger’ is perceived as more urgent
than ‘attention’ (Arrabito, 2009; Baldwin, 2011; Wogalter and
Silver, 1995; Wogalter et al., 2002). Second, emotional tone has
important effects: phrases are considered more urgent if spoken in
an urgently intoned style (Edworthy et al., 2003a; Ljungberg et al.,
2012). Third, it has been found that the greater the speech rate, the
higher the perceived urgency (Hollander and Wogalter, 2000; Jang,
2007; Park and Jang, 1999). No clear gender effects seem to exist:
words spoken by a female typically yield similar urgency ratings as
the same words spoken by a male (e.g., Hellier et al., 2002;
Wogalter et al., 2002). However, Jang (2007) and Park and Jang
(1999) found that a male voice yielded higher urgency ratings
than a female voice. Furthermore, interaction effects have been
observed, where the word “Note” received a higher urgency rating
when spoken by a male instead of a female (Hellier et al., 2002).
Differences in the degree of smoothness, pitch, and timbre may
explain these gender differences (Edworthy et al., 2003a,b; Jang,
2007).

In addition to urgency, it is important to consider whether the
message is comprehensible and pleasant. If people become dis-
pleased with a warning, they may ignore or disable the warning
system, potentially causing unsafe situations (Eichelberger and
McCartt, 2014; Parasuraman and Riley, 1997). A female voice has
been regarded as more pleasant (Bazilinskyy and De Winter 2015;
Machado et al., 2012) and is more often used in route navigation
devices (Large and Burnett, 2013) than amale voice. The female and
male voice are supposedly equal in terms in intelligibility, but it has
been reported that the male voice is easier to understand in a noisy
environment such as an aircraft cockpit (Nixon et al., 1998; Noyes
et al., 2006). However, it is unknown whether this effect is repli-
cable. Arrabito (2009) stated that “further research is required to
study the effects of speech parameters and word semantics across
multiple talkers of each sex for variations of urgency under
different background noise sources” (p. 18).

There is currently an irony in automated driving, because the
technologies are deployed in the highest-income countries, which
already have commendable road safety statistics, while low-
income countries account for the vast majority of fatal road traffic
accidents (Gururaj, 2008; World Health Organization, 2015). At
present, car manufacturers are exploring cross-national percep-
tions of warnings (Langlois et al., 2008), but it is unknownwhether
speech-based take-over requests should be differentially devel-
oped per country. Research has shown that there are national dif-
ferences in how people perform at basic visual perception tasks
(Henrich et al., 2010). Regarding the appraisal of sounds, similar
differencesmay exist. For example, it has been found that the sound
of a bell was rated as pleasant among German listeners (possibly
because it yielded connotations to a church bell), whereas this
sound was rated as dangerous and unpleasant among Japanese
listeners (Fastl, 2006). One specific question is whether a speech-
based warning should be tailored to the language and accent of
the host country. For example, it is possible that drivers from the UK
prefer a British accent, and drivers from the US prefer an American
accident. It has been found that a foreign English accent does not
reduce the intelligibility and comprehensibility of speech (Munro
and Derwing, 1995; Munro, 2008; Smith and Rafiqzad, 1979), but
these findings deserve further investigation.

1.3. Aim of the study

This paper assesses how different speech-based take-over re-
quests are perceived. Specifically, in line with the above research
gaps, we assessed (1) the effects of speech rate on perceived ur-
gency, commandingness, pleasantness, and ease of understanding,
for speakers that differ in gender and emotional tone. Additionally,
we investigated (2) the effects of spoken phrase (semantic content)
on perceived urgency for a male and female speaker, (3) the effects
of noise on the ease of understanding, for a male and female
speaker, and (4) the effect of participants' (i.e., listeners') gender on
pleasantness. Finally, we explored (5) the relationship between the
participants’ country and the ease of understanding of the mes-
sages. To acquire a large sample, we used crowdsourcing, an
approach that is gaining popularity (Bazilinskyy and De Winter
2015; Behrend et al., 2011; Buhrmester et al., 2011; Crump et al.,
2013; Kyriakidis et al. 2015; Rand, 2012).

2. Methods

This research was approved by the Human Research Ethics
Committee at the TU Delft under the ethics approval application
titled “Rating audio messages by means of crowdsourcing” on May
24, 2016. Informed consent was obtained from each participant via
a dedicated survey item.

2.1. Speech-based messages

Speech-based messages “Take over, please” were created using
the online tool Acapela-Box (https://acapela-box.com). Acapela-
Box reproduces the natural sound of language based on voice of
human speakers, and was selected because it offers high-quality
speech and adjustability of speech rate. Two male voices (Will:
US English accent; Graham: UK English accent) and two female
voices (Karen: US English accent; Deepa: Indian English accent)
were used. These three English accents represent highly populated
countries with a strong automotive industry where English is either
the first language (US and UK) or one of the official languages
(India). The tool offered the option for speech to be generated with
an emotional tone. We created recordings for two emotional tones
by selecting speakers Will Happy and Will FromAfar. We expected
that Will FromAfar, in which the speaker shouts the words from a
distance, would be interpreted as urgent. Will Happy was expected
to sound pleasant among listeners. Note that Acapela-Box offered a
limited number of speakers and emotional tones: there was no
male voice with Indian English accent, and among the US English
speakers, the Happy and Afar emotional tones were only available
for Will. Furthermore, different voices exhibited different speech
rates (e.g., Deepa spoke relatively fast).

Using Acapela-Box, each of the six speakers was recorded at
eight additional settings of speech
rate: �60, �45, �30, �15, þ15, þ30, þ45, and þ60, which altered
the duration of the sample to approximately 151%,131%,119%,109%,
90%, 85%, 79%, and 76% of its nominal value, respectively. In addi-
tion, for each speaker and speech rate, background noise was
added, extracted from a YouTube video showing a Tesla Model S in
Autopilot mode (Oedegaarde, 2015). For Will and Karen, noise with
three extra levels of volume was added (Table 1).

Moreover, 13 phrases were recorded using Will and Karen at a
nominal speech rate and without added noise: (1) “Take over
please?”, (2) “Take over”, (3) “Please take over”, (4) “Could you
please take over”, (5) “Could you please take over?”, (6) “Take over
now”, (7) “Take over immediately”, (8) “Hazard: take over”, (9)
“Danger: take over”, (10) “Warning: take over”, (11) “Caution: take
over”, (12) “Attention: take over”, and (13) “Note: take over”.

In summary, the number of recordings was 140, consisting of
108 recordings where speech rate and noise were varied for each of
the six speakers (6 speakers x 9 speech rate levels x 2 noise levels)
plus 32 recordings (3 noise levels and 13 additional phrases, for

https://acapela-box.com


Table 1
Overview of the sound samples for the phrase “Take over, please” at the nominal speech rate. Shown in parentheses is the sound volumewhen background noise was added to
the original sample, for noise levels 1, 2, 3, and 4.

Speaker Duration (s) Maximum volume (0e1) Mean volume (0e1)

Will 1.67 0.332 (0.384, 0.541, 0.816, 1.000) 0.038 (0.053, 0.108, 0.180, 0.311)
Karen 1.62 0.335 (0.435, 0.660, 0.919, 1.000) 0.051 (0.062, 0.113, 0.183, 0.312)
Graham 1.59 0.333 (0.357) 0.031 (0.047)
Deepa 1.28 0.266 (0.326) 0.029 (0.048)
Will Happy 1.78 0.337 (0.405) 0.044 (0.058)
Will FromAfar 1.96 0.046 (0.160) 0.009 (0.033)
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Will and Karen).

2.2. Survey

A survey was developed using CrowdFlower (http://www.
crowdflower.com). At the beginning of the survey, contact infor-
mation of the researchers was provided, and the purpose of the
survey was described as “to determine the public opinion on
auditory messages that may be used in automated driving”. Par-
ticipants were informed that the survey would take 5 min of their
time. The participants were also informed that they had to be at
least 18 years old. Information about anonymity and voluntarily
participation was provided as well.

The survey started with a question about whether the partici-
pant had read and understood the instructions, and contained
questions on the participant's age, gender, driving experience, and
opinion on automated driving. The main part of the survey focused
on the voice recordings. Each participant was given a random se-
lection of 10 out of the 140 voice recordings. The participants were
asked to click on the recordings to listen to them. The filenames of
the recordings were masked as voiceXXX.mp3 (with XXX being a
number between 1 and 140).

Below each recording, five questions were provided: (1) “Did
you listen to the recording of a female or male voice in recording
XX?” (this was a test question), (2) “The message in recording XX is
urgent.”, (3) “The message in recording XX is pleasant.”, (4) “The
message in recording XX is commanding.”, (5) “The message in
recording X is easy to understand.”, where XX denotes a number
between 1 and 10. For questions 2e5, the response options were
“Disagree strongly”, “Disagree a little”, “Neither agree nor
disagree”, “Agree a little”, “Agree strongly”, and “I prefer not to
respond”. The participants had to answer all questions in order to
complete the survey. The survey did not explain the notions of
urgency, pleasantness, commandingness, and ease of understand-
ing to the participants.

2.3. CrowdFlower configuration

We allowed contributors from all countries to participate in the
survey. Completing the survey more than once from the same
CrowdFlower worker ID was not permitted. A payment of $0.14 was
offered for the completion of the survey. We collected responses
from 3061 participants, at a total cost of $524.

2.4. Analyses

Five analyses were conducted. First, we determined the effect of
speech rate on the degree to which the message was regarded as
urgent, pleasant, commanding, and easy to understand. Second, we
evaluated the effect of the 14 different phrases on perceived ur-
gency, andwhether there were differences between the speakers of
different gender (Will vs. Karen). Third, we assessed the effect of
noise level on whether the message was easy to understand for
each of the six speakers, and whether the male voice (Will) was
easier to understand than the female voice (Karen) as a function of
noise level. Fourth, we determined the effect of the participants'
(i.e., listeners') gender on pleasantness, for each of the six speakers.
Finally, we assessed whether the six speakers had different levels of
comprehensibility for participants from different countries, with
the participants’ country being automatically identified by
CrowdFlower. In order to arrive at statistically reliable conclusions,
we included only those countries with 100 or more participants in
the cross-national analyses.

All analyses were conducted at the level of participants. If
multiple responses per condition were available per participant
(e.g., responses to recordings with and without background noise
for the same speaker and speech rate), then these responses were
averaged per participant. The mean scores on a scale from 1
(Disagree strongly) to 5 (Agree strongly) were calculated and visu-
alized in bar graphs. For each depicted mean, the 95% confidence
interval was provided, defined as the mean ± 1.96 times the stan-
dard deviation divided by the square root of the sample size.
Comparisons between selected pairs of conditions were conducted
by means of independent-samples t tests. A previous simulation
study showed that for five-point Likert data, the t-test provides
appropriate statistical power and protection against false positives
(De Winter and Dodou, 2010). In principle our experiment has el-
ements of a within-subject design, because each participant rated
multiple auditory samples. However, because each participant
rated only 7.1% (¼10/140) of random auditory samples, the proba-
bility was low that a participant rated a reference sample that could
be used in a paired comparison. Therefore, we conducted between-
subjects statistical analyses.

No corrections for multiple comparisons were applied, because
our interest was not only in detecting whether effects are statisti-
cally significant, but also in showing whether effects are not sta-
tistically significant despite large sample sizes. In other words, if we
had reduced the significance level to a value smaller than the
nominal 0.05, then a finding of ‘no statistically significant differ-
ences’ would not be compelling.
3. Results

The responses were collected between 29May 2016,13:30 and 5
June 2016, 21:35 (GMT). Each of the 3061 participants answered
four queries (urgency, pleasantness, commandingness, ease of un-
derstanding) regarding 10 voice recordings. 337 participants
completed the optional user satisfaction survey. The satisfaction
survey received an overall satisfaction score of 4.4 out of 5.0
(1 ¼ very dissatisfied, 5 ¼ very satisfied), with “instructions clear”,
“test questions fair”, “ease of job”, and “pay” receiving ratings of 4.6,
4.3, 4.3, and 4.1, respectively.

Participants who indicated they had not read the instructions
(N ¼ 25), were 17 or younger (N ¼ 3), or whose country was not
identified (N ¼ 3) were excluded. As a data quality filter, partici-
pants who made one or more mistakes in the question ‘did you

http://www.crowdflower.com
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listen to the recording of a female or male voice?’ were excluded
(N ¼ 375). Regarding this latter exclusion criterion, Deepa was not
taken into consideration because we ourselves had difficulty
identifying whether Deepa was male or female. A sizeable portion
of participants also seemed to have difficulty distinguishing
whether Deepa was male or female (there were 10% errors for
Deepa versus 4% error for the other speakers). The results were
hardly affected by the decision not to include Deepa in this filtering
process. In total 392 participants were excluded, leaving 2669
participants from 95 countries. The mean survey completion time
was 580 s (SD ¼ 285 s). The mean age was 33.7 years (SD ¼ 10.6)
and the sample consisted of 1777 males, 884 females, and 8 par-
ticipants with unknown gender. These 8 participants selected ‘I
prefer not to respond’ and were retained in the analysis.

The effects of speaker and speech rate are shown in Fig. 1. The
higher the speech rate, the higher the ratings of urgency and
commandingness. Averaged across the nine speech rates, Will
FromAfar received the highest urgency ratings (M ¼ 3.34) and Will
the lowest (M ¼ 2.95). Speech rate had non-monotonic effects on
pleasure, showing different inverted U-shapes per speaker. The
female speaker Karen was rated as most pleasant at low speech
rates. Although Will FromAfar was rated as urgent, he was rated as
least pleasant (M ¼ 2.44) and least well understood (M ¼ 3.27). It is
possible that the low intelligibility of Will FromAfar was caused by
its low volume (Table 1). The speaker with Indian accent (Deepa)
did not receive high pleasure ratings either (M¼ 2.77); Deepa had a
high speech rate in its nominal condition (Table 1), and higher
speech rates were considered to be unpleasant.

Fig. 2 confirms that the spoken phrase has an effect on urgency,
with “Take over immediately” and “Danger: take over” yielding the
highest urgency and “Could you please take over?” the lowest.
There were statistically significant gender differences, with “Take
over, please”, “Take over please?”, and “Please take over” being
perceived as more urgent when spoken by Karen than when
spoken by Will, while the opposite was observed for “Take over
now”. It is worth noting that for the 14 spoken phrases, there was a
positive correlation between the mean urgency and the mean
commandingness (r ¼ 0.92, n ¼ 14), but a negative correlation
between the mean urgency and the mean pleasantness (r ¼ �0.72,
n ¼ 14). The highest commandingness was found for “Take over
now” (M ¼ 4.40) and the highest pleasantness was found for “Take
over, please” (M ¼ 4.06).

The results regarding noise are shown in Fig. 3. The t tests show
that a mild noise level (Level 1 noise) has onlyminor effects on ease
of understanding, except for Will FromAfar, which had a low vol-
ume without noise (Table 1). The ease of understanding dropped
with increasing noise level (seeWill and Karen in Fig. 3). In contrast
to Nixon et al. (1998), the female voice (Karen) was easier to un-
derstand than the male voice (Will), especially at higher noise
levels (Fig. 3). These gender differences were statistically signifi-
cant; No noise: t(2690) ¼ �1.84, p ¼ 0.065; Level 1 noise:
t(2597) ¼ �3.22, p ¼ 0.001; Level 2 noise: t(378) ¼ �2.79,
p ¼ 0.005; Level 3 noise: t(367) ¼ �4.20, p < 0.001; Level 4 noise:
t(359) ¼ �2.90, p ¼ 0.004.

The results regarding the participants’ gender revealed no sta-
tistically significant differences on pleasantness, for four of the six
speakers, despite the fact that statistical power was high, with
about 2000 degrees of freedom (Fig. 4). Deepa and Will FromAfar
were rated as slightly more pleasant by male participants than by
female participants.

Finally, we assessed national differences. The mean ease-of-
understanding scores for the eight countries with 100 or more
participants are shown in Fig. 5. The effects of speaker are consis-
tent across these geographically diverse countries, with Will Fro-
mAfar being rated as difficult to understand, and Will, Karen and
Will Happy receiving high scores. Deepa, who had an Indian accent,
received higher ratings from Indian participants than from partic-
ipants from other countries. To illustrate, the mean ease-of-
understanding rating for Deepa was significantly greater for par-
ticipants from India (M ¼ 4.20, N ¼ 123) than for participants from
the USA (M¼ 3.23,N¼ 138; t(259)¼ 6.88, p< 0.001) and Venezuela
(M ¼ 3.41, N ¼ 239; t(360) ¼ 5.84, p < 0.001).

4. Discussion

This study determined how people value speech-based take-
over requests as a function of speech rate, background noise,
speaker (gender and emotional tone), and spoken phrase, bymeans
of a crowdsourcing study with a large sample size. A total of 2669
participants completed the task over the course of 7 days.

There are several advantages to using a large sample size. First, a
larger sample size increases statistical power, which means that if a
research finding is true, it is more likely to be detected. Second, a
larger sample size increases the probability that a research finding
is in fact true. Third, if the sample size is larger, the results are less
susceptible to bias (Gadbury and Allison, 2012; Ioannidis, 2005;
Wagenmakers et al., 2015). In recent years, psychology has been
said to be in a replication crisis (Maxwell et al., 2015). This concern
was recently confirmed by the Open Science Collaboration (2015),
showing that from 97 published significant effects, only 35 repli-
cated. Small samples are a prime cause of poor replicability, a
message that has now transpired to many fields, including medi-
cine (Arrowsmith, 2011; Begley and Ellis, 2012; Freedman et al.,
2015), economics (Ioannidis and Doucouliagos, 2013), and neuro-
science (Button et al., 2013). Asendorpf et al. (2013) argued that “it
cannot be stressed enough that researchers should collect bigger
sample sizes, and editors, reviewers and readers should insist on
them” (p. 110).

Our research replicated several published effects. In agreement
with Park and Jang (1999), an increase of speech rate yielded an
increase of self-reported urgency, an effect that held regardless of
the gender or emotional tone of the speaker. In agreement with
Hellier et al. (2002), amongst others, the spoken phrase (e.g.,
“Danger” versus “Note”) had an important impact on perceived
urgency as well. Overall, our results point to the robustness of
published human factors and ergonomics research, and are in line
with the idea that psychological effects generalize well across
different research settings (Klein et al., 2014).

Several of our findings are in disagreement with the literature.
First, Hellier et al. (2002) found that the word “Note” received
higher urgency ratings when spoken by a male than when spoken
by a female, whereas we found no statistically significant gender
effect for “Note: take over”. This discrepancy may be a consequence
of the specific phrase and intonation. Perhaps our findings repre-
sent a social-psychological phenomenon inwhich direct utterances
(“now”) are deemed urgent when spoken by a male, whereas
suggestive utterances (“please”) are deemed urgent when spoken
by a female (cf. Fig. 2). Second, Nixon et al. (1998) found that the
intelligibility of female speech was lower than that of male speech,
especially for strong cockpit noise, whereas our results showed the
opposite, with the female voice being easier to understand under
strong background noise. Third, the fact that a speaker with Indian
accent was relatively easy to understand by listeners from India is
in line with the ’interlanguage speech intelligibility benefit’ (Bent
and Bradlow, 2003; Podlipský et al., 2016), but appears to contra-
dict published literature stating that “listeners did not consistently
exhibit an intelligibility benefit for speech produced in their own
accent” (Munro et al., 2006, p. 111). It is noted that we did not
perform a direct replication of past research, but rather a concep-
tual replication (Stroebe, 2016). Our findings therefore do not refute



Fig. 1. Participants' ratings as a function of speech rate and speaker. Left top ¼ mean urgency, Right top ¼ mean pleasure, Left bottom ¼ mean commandingness, Right
bottom ¼ mean ease-of-understanding. Each individual point in these four graphs represents the average across 2 of 140 sound recordings (i.e., noise trials and no-noise trials
averaged), from an average of 366 participants (min ¼ 320, max ¼ 402; the corresponding 95% confidence intervals per point ranges between 0.12 and 0.31). The overall mean
across the nine speech rates per speaker is indicated in the legend box. The corresponding sample size per speaker (all nine speech rates aggregated) in the four graphs is on average
2019 (min ¼ 1992, max ¼ 2046) and the 95% confidence interval per speaker ranges between 0.060 and 0.119.
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the original findings, but rather suggest that there may be various
unknown moderators at play. Possibly, specific features in the
speaker's voice relative to the background noise (e.g., vehicle vs.
aircraft noise) may havemade the female voice stand out more (see
also Cooke et al., 2013; Lerner et al., 2015).

One limitation of crowdsourcing is that the participant pool is
limited in size, encompassing several thousands of people
(Chandler et al., 2014; Stewart et al., 2015). Participants in our study
were from 95 different countries, and previous research has found
that there are national income-related differences in driving cul-
ture, traffic violations, and opinion about automated cars (De
Winter and Dodou, 2016; Kyriakidis et al., 2015; €Ozkan and
Lajunen, 2007). Furthermore, it has been found that people from
non-English speaking countries take longer to complete Crowd-
Flower surveys than people from English speaking countries, which
may signal difficulties with reading and interpreting the questions
(De Winter et al., 2015). Considering the heterogeneity of our
participant pool, it remains to be seen how well the observed ef-
fects apply to a specific target population of prospective users of
automated cars. However, a similar limitation applies to lab-based
research often conducted at universities with students as research
participants.

Second, our study was not performed in a realistic driving
context. The participants were not shown any automated driving
scenarios, and we did not measure the response times of partici-
pants (see Arrabito, 2009; Ljungberg and Parmentier, 2012, in



Fig. 2. Mean urgency scores for different phrases expressed by Will and Karen. The figure also depicts the results of a comparison between Will and Karen by means of
independent-samples t tests. Each individual bar in the graph represents the average for 1 of 140 sound recordings. The error bars represent 95% confidence intervals. The 14
phrases are sorted on the mean urgency level.

Fig. 3. Mean ease-of-understanding scores for the six speakers as a function of background noise level. The figure also depicts the results of a comparison between noise level 0 and
noise level 1 by means of independent-samples t tests. Noise and volume levels are described in Table 1. The bars for No noise and Noise level 1 represent the average across 9 of 140
sound recordings (i.e., across the 9 levels of speech rate). The bars for Noise levels 2, 3, and 4 are the average for 1 of 140 recordings. The error bars represent 95% confidence
intervals.
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which participants’ responses to speech were measured). It re-
mains to be investigated how actual drivers would respond to
speech-based take-over requests. It is possible that in demanding
real-life traffic scenarios, a driver may be confused by the message
“Take over please”, especially if other warning sounds can be heard
simultaneously. In addition, we learned through a discussion with
fellow researchers that the phrase “Take over” (i.e., to reclaim
manual control) may be suboptimal because it can be confused
with “Overtake” (i.e., to pass a vehicle in front). Driving simulator
studies in which drivers are exposed to different driving contexts
are recommended in order to resolve these uncertainties.

Third, even though we used as many as 140 different auditory
samples, our results may still be limited because the auditory
samples reflect only a snapshot of the types of male and female
voices and their emotional tones. To further explore whether the
female voice is easier to understand than the male voice under



Fig. 4. Mean pleasure scores for the six speakers as a function of participant's gender. The figure also depicts the results of a comparison between female and male participants by
means of independent-samples t tests. The bars represent the average across 18 of 140 sound recordings (i.e., across the 9 levels of speech rate, and for both noise levels). The error
bars represent 95% confidence intervals.

Fig. 5. Mean ease-of-understanding scores per participant's country and speaker. Only countries with 100 or more participants were shown. The bars represent the average across
18 of 140 sound recordings (i.e., across the 9 levels of speech rate, and for both noise levels). The sample size per bar is 70e79 for Brazil, 80e84 for Canada, 114e131 for India, 84e97
for Italy, 83e92 for Russia, 104e113 for Serbia, 131e142 for USA, and 232e254 for Venezuela. The error bars represent 95% confidence intervals.
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background noise, multiple male and female voices and different
types of noise spectra could be tested. Additionally, to better un-
derstand the interaction between listeners' gender and the
speaker's accent, different accents could be included (other than
the present US, UK, and Indian accents). The text-to-speech tool
that we used offered a limited number of English accents and
emotional tones. Recent developments in artificial intelligence give
rise to increasingly flexible text-to-speech systems (e.g., Arik et al.,
2017). The development of new software that offers a high range of
choices for the customization of synthesized voicewill be beneficial
for future research on the valuation of speech. The number of
auditory samples that can be tested depends on the researchers'
financial resources and on the size of the participant pool on the
crowdsourcing platform.

Because we used computerized speech, automotive researchers
can readily reproduce the same speech warnings as used in this
research. The results in Fig. 1 can be used to select a take-over
request by considering each of the four dimensions. Our study
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also has implications for human factors research in general. We
showed that robust knowledge can be generated via the Internet,
confirming earlier claims that crowdsourcing is a viable research
tool (Crump et al., 2013). An important strength of this research is
that it is effectively a between-subjects design, with participants
listening to only 10 out of 140 take-over requests. In lab-based
research, one usually has to resort to within-subjects designs to
generate sufficient statistical power. Within-subject designs intro-
duce carryover effects, which counterbalancing does not perfectly
resolve (Greenwald, 1976; Keren, 1993). Crowdsourcing may be
especially worthwhile when the experiment requires no special
apparatus, as is often the case in usability research. Examples of
research suited for crowdsourcing are perceptual tasks, cognitive
tasks, and questionnaires (Buhrmester et al., 2011; De Winter et al.,
2015; Rand, 2012).
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