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Texting while walking has been highlighted as a dangerous behavior that leads to impaired judgment and ac-
cidents. This impairment could be due to task switching which involves activation of the present task and the
inhibition of the previous task. However, the relative contributions of these processes and their brain activity
have not yet been studied. We addressed this gap by asking participants to discriminate the orientation of an
oncoming human shape in a virtual environment while they were: i) walking on a treadmill, or ii) texting while
walking on a treadmill. Participants’ performance (i.e., correctly identifying if a walker would pass them to their
left or right) and electroencephalography (EEG) data was collected. Unsurprisingly, we found that participants
performed better while they were only walking than when texting while walking. However, we also found that
the diminished performance is differently related to task set inhibition and task set activation in the two con-
ditions. The alpha oscillations, which can be used as an index of task inhibition, have a significantly different
relation to performance in the two conditions, the relation being negative when subjects are texting. This may
indicate that the more inhibition is needed, the more the performance is affected by texting. To our knowledge,
this is the first study to investigate the brain signature of task switching in texting while walking. This finding is
the first step in identifying the source of impaired judgment in texting pedestrians and in finding viable solutions

to reduce the risks.

1. Introduction

The use of smartphones is rapidly growing around the world. In the
United States, its penetration rate reached 81% in 2016 (Lella, 2017).
The negative impact of mobile phone use on drivers’ safety has been
widely demonstrated (Svenson and Patten, 2005; Horrey and Wickens,
2006; Drews et al., 2009; Owens et al., 2011). However, the safety
hazards related to mobile phone use do not only apply to drivers. Al-
though total pedestrian injuries have decreased from 2005 to 2010,
mobile phone-related injuries involving pedestrians have increased and,
in 2010, exceeded those of drivers for the first time since 2005 (Nasar
and Troyer, 2013). These injuries occurred most often among men and
among people under 31 years old (Nasar and Troyer, 2013). Jehle
(2014) suggests that “When texting, you’re not as in control with the
complex actions of walking...While talking on the phone is a distrac-
tion, texting is much more dangerous [...].” Until now, studies on the
impact of handheld mobile technologies on pedestrian safety have ex-
clusively used observational and/or behavioral data. In an observation
study conducted at multiple metropolitan high risk intersections,
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Thompson et al. (2013) found that 30% were engaged in distracting
activities while crossing (e.g., listening to music (11%), texting (7%),
talking (6%)). Stavrinos et al. (2011) investigated the impact of cell-
phone conversation on pedestrians’ distraction and tendencies to dis-
play riskier behaviors. Their study revealed that cellphone conversa-
tions considerably distracted college pedestrians for most measured
pedestrian safety variables (e.g., instances when participants would
have been struck by a vehicle). Schwebel et al. (2012) and Byington and
Schwebel (2013) used a semi-immersive virtual environment to study
the impact of different multimedia devices (listening to music or
texting) on pedestrian safety. They report that subjects using a multi-
media device took more time to cross the street, missed several safe
opportunities to cross, took longer to initiate crossing when a safe gap
was available, looked left and right less often, spent more time looking
away from the road, and were more likely to be hit or almost hit by an
incoming vehicle. In addition, Hyman et al. (2010) found that in-
dividuals using a cellphone while walking (listening to music, talking)
were less likely to acknowledge other people, changed directions more
frequently, and walked more slowly. In short, based on observational
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and behavioral data, current research suggests that using a smartphone
while walking causes an important threat to pedestrian safety. Research
also indicates that most safety hazards stemming from using smart-
phones while walking are likely caused by attentional impairments
(Hatfield and Murphy, 2007; Nasar et al., 2008; Hyman et al., 2010;
Stavrinos et al., 2011; Pourchon et al., 2017).

In order to further understand these attentional impairments, the
aim of the present study is to shed light on the underlying cognitive and
attentional effects of smartphone use by pedestrians using neurophy-
siological data. By investigating pedestrian cognitive responses (i.e.,
cognitive engagement and alpha oscillations), this study extends prior
observational and behavioral research by providing an in-depth ex-
planation of the underlying cognitive phenomena at play when pedes-
trians use their cellphone.

The National Electronic Injury Surveillance System (NEISS) re-
ported that from 2009 to 2013, the number of incidents involving
texting while walking was twice the number of incidents involving
talking while walking (Commission, 2013). Furthermore, texting may
be one of the most interfering tasks for pedestrians. Schwebel et al.
(2012) report more cognitive distraction and decision mistakes caused
by texting compared to talking when using a cellphone. Moreover,
texting is the application most frequently used by cellphone owners
(eMarketer, 2017). We thus focus on texting while walking (TWW) in
our study.

As most pedestrian security issues result from distraction while
performing a concurrent action requiring cognitive and attentional re-
sources (e.g., crossing the street, avoiding another pedestrian), we
framed our TWW study in the multitasking literature and, more pre-
cisely, in the task switching paradigm. In typical task switching ex-
periments, subjects perform two tasks in a sequential order (e.g.,
AABBAA) (Monsell et al., 2003). Each task requires attention on a
particular part or feature of the stimulus. The appropriate response to
the stimulus in Task A or B requires a specific configuration of mental
resources defined as a “task-set” (Monsell, 1996). In most studies, when
task switches are unpredictable, the stimuli are preceded by a cue in-
dicating which task to perform. The difference in response time and/or
error rate between switch trials and non-switch trials is defined as the
“switch cost” (Wylie and Allport, 2000). When subjects change from
Task A to Task B, the mental resources need to be reconfigured to fit the
upcoming task. This process of “Task-Set Reconfiguration” (TSR) is
identified as the main cause of switch cost (Rogers and Monsell, 1995a;
Meiran, 1996; Monsell and Mizon, 2006). Monsell (2003) describes TSR
as a “gear changing”, involving the activation of the current task-set
and the inhibition of the previous one. It must be achieved before task-
specific processes can occur. The switch cost reflects the additional
processes required to perform TSR during a change of task. By manip-
ulating the cue-stimulus interval, research has shown that increasing
the preparation time before stimulus onset can reduce switch cost as
some task-set activation processes can be performed in advance (e.g.,
goal activation, attentional shifting) (Meiran, 1996; Monsell and Mizon,
2006). However, preparation has rather an asymptotic effect and a
“residual cost” is generally present after a task switch (Allport et al.,
1994; Nieuwenhuis and Monsell, 2002). According to the theory of
task-set inertia, the residual cost reflects a carry-over effect of the
previously active task-set (Allport et al., 1994; Yeung et al., 2006). The
dissipation of the irrelevant task-set is undergone by the TSR subprocess
of “task-set inhibition”. As inhibition is a passive exogenous process
performed only after stimulus onset, it would be impervious to pre-
paration effects.

Based on the task-set inertia theory (Allport et al., 1994;
Nieuwenhuis and Monsell, 2002) and on the literature on pedestrian
attentional impairments while using a cellphone (Hatfield and Murphy,
2007; Nasar et al., 2008; Hyman et al., 2010; Stavrinos et al., 2011;
Pourchon et al., 2017), we suggest that pedestrians will incur greater
switch costs (i.e., greater carry-over effects) when switching their at-
tention from texting while walking to their immediate surroundings
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than when switching their attention from walking to their immediate
surroundings. The greater switch costs will have a negative effect on
pedestrians’ safety performance.

To further study the impact of smartphone use on pedestrians’ task
switching performance, participants in our study were engaged in
multitasking episodes (i.e., texting and walking) based on an adaptation
of the task switching paradigm. We investigated the different roles
played by task-set inhibition and task-set activation on switch cost in
the context of TWW. The experiment took place in an immersive virtual
environment in which subjects had to walk on a treadmill while their
EEG activity was recorded.

2. Methods
2.1. Participants

Fifty-four participants (31 females, 23 males) took part in the ex-
periment Participants were between 18 and 49 years old (a sample
average of 24). The experiment was performed over a period of one
month. All participants had normal or corrected-to-normal vision and
were pre-screened for glasses, epilepsy, and neurological and psychia-
tric diagnoses. All participants were either undergraduate or graduate
students from our institution. A $50 gift certificate compensation was
given upon experiment completion. This study and all its procedures
were approved by the first author institution’s Ethics Research
Committee. All participants were at least 18 years old and provided
written consent.

2.2. Apparatus

The experiment took place in a fully immersive virtual environment,
the CAVE system (Fakespace™). The CAVE is an 8 x 8 X 8 feet room
including three canvas walls (one frontal and two lateral) and an epoxy
floor. The CAVE was installed in a light and sound-proof room. While
participants walked on a treadmill, a point-light walker figure re-
producing biological motion was displayed walking toward the parti-
cipant with a small angle deviation. Participants were then asked to
verbally identify the walker’s direction (Legault et al., 2012). Biological
motion (BM) refers to a movement pattern characteristic of humans and
animals (Johansson, 1973). We chose a BM stimulus for two main
reasons. First, it represents an ecologically valid stimulus in the context
of texting while walking as pedestrians are almost always surrounded
by other pedestrians. Second, the four stages of BM perception (detec-
tion of animate motion, structure from motion, action perception, and
style recognition) impose a relatively important information processing
level on the visual system (Troje, 2008). BM perception involves a
complex hierarchy of visual information processing and requires at-
tentional resources to be processed successfully (Cavanagh et al., 2001;
Troje, 2008). Using a dual-task paradigm, Thornton et al. (2002) found
that performance on point-like walker direction identification is
strongly affected by divided attention. It is, therefore, a suitable task for
evaluating the switch cost of texting while walking in an authentic
context.

A dynamic point-light walker representation of a walking human
form composed of 15 black dots was used. The dots, representing the
head, shoulders, hips, elbows, wrists, knees, and ankles, were presented
on a white background. The walker stimulus was constructed using the
average motion-capture data of 50 males and 50 females (see Troje
(2008) for more details on the stimulus generation). The walkers were
displayed on the frontal wall with a resolution of 1280 x 1024 pixels,
generated by a Marquee Ultra 8500 projector. Walkers were presented
walking either leftward or rightward with a deviation angle of 3.5° (or
—3.5°) from the participant (see Fig. 1).

Participants were walking on a regular consumer treadmill (Tempo
Fitness, Wisconsin, USA) wearing running shoes (see Fig. 1). The
treadmill speed in our experiment was set to 0.36 m/s. This speed was
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Fig. 1. Experimental apparatus. The presented stimulus has a — 3.5° orientation
angle and is walking to the left of the participant.

found to be the most comfortable and safe one during pretests prior to
the experiment. Participants were texting with a research assistant
using the iMessage application on an iPhone 4s (Apple, California,
USA). The research assistant kept the conversation flowing using a
predefined set of topics and open-ended questions. Questions and topics
were conceived in such a way as to avoid strong emotional reactions
(e.g., “What transportation means do you most often use?”, “What is
your favorite movie?”). After a round of 4-5 questions/answers on a
topic, the research assistant would move on to the next conversation
topic.

2.3. Procedure

The present experimental design was adapted from the common
task switching paradigm to better represent an ecologically valid TWW
situation. In most task switch studies, the same stimulus is used to af-
ford two (or more) different tasks. Each task requiring the participant to
focus on a different part of the stimulus. A task switch occurs on trials in
which the cue indicates a stimulus-response rule different than the
preceding trial. In our experiment, the same task (orientation identifi-
cation) always follows the stimulus cue. Two within-subject experi-
mental conditions were included in the experiment. As depicted in
Fig. 2, in the TWW condition, Task A consisted of texting while walking,
and in the walking condition, Task A consisted in simply walking and
looking forward. In both conditions, Task B was composed of the same
cue, stimulus, and response sequence.

Participants were walking on the treadmill in both conditions. The
auditory cue was coming from two speakers placed in front of the
treadmill (see Fig. 1), indicating to the participants to raise their head

Walking condition I 30 sec
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and look at the projection wall. The cue-stimulus interval was set to 1s.
The walker was then displayed for the duration of 1 s, representing 2 to
3 gait-cycles. Participants had to verbally answer “left” of “right”, ac-
cording to the side they perceived the walker would pass them. In ac-
cordance with a two-alternative forced choice method, the research
assistant administering the experiment would require an answer if a
participant had missed the stimulus. Participants would then keep
walking and, in the TWW condition, continue the texting conversation
until the next cue. The experiment was composed of 4 blocks: two
blocks for the TWW condition (2 x 22 trials) and two blocks for
walking condition (2 X 22 trials). The duration of a block was ap-
proximately 12 min. The order of the blocks was counterbalanced (half
of the participants started with the TWW condition block) and the
blocks were separated by a two-minute break in which participants
could sit on a chair and drink water. Prior to the first block, participants
had a two-minute period to get used to walking on the treadmill fol-
lowed by a three-minute practice period to text with the research as-
sistant while walking on the treadmill. The total experiment duration
was 70 min for the 4 blocks. A total of 88 trials per participant were
collected.

2.4. EEG recording and data analysis

Although electroencephalographic (EEG) data has been used ex-
tensively to study drivers’ cognitive activity (e.g., Wester et al., 2008;
Zhao et al., 2012; Fort et al., 2013; Sonnleitner et al., 2014), EEG data
recorded during on foot locomotion has, until recently, been considered
too noisy to obtain conclusive results (Gwin et al., 2010); but new ac-
tive electrode technology now makes it feasible. Neurophysiological
measures allow for the acquisition of detailed information about the
time course of the cognitive processes that take place incredibly quickly
in the fraction of a second when a pedestrian has to react. Behavioral
measures and other physiological data do not have the temporal pre-
cision required for thoroughly understanding what takes places in that
time.

EEG activity was recorded with an actiCAP set of 32 active elec-
trodes (Brain Products, Germany). Active electrodes combine Ag/AgCl
sensors with a noise subtraction circuit to allow recording during
walking. This was used with an EGI amplifier (Electrical Geodesics,
Oregon, USA). The vertex (recording site Cz) was the reference elec-
trode for recording. Impedance was kept below 50 kQ with a sampling
rate of 250 Hz. Data analysis was performed with Vision Analyzer 2
(Brain Products, Germany). The data was filtered offline with a lowpass
IIR filter at 20 Hz and a highpass IIR filter at 1 Hz. An Independent
Component Analysis (ICA) was applied to attenuate the movement of
eye blinks and ocular saccades in the EEG data (Jung et al., 2000). An
automatic artifact rejection was used to exclude epochs with voltage
differences over 50 uV between two neighboring sampling points and a
difference over 50 pV in a 75 ms interval. Data was re-referenced to the
common average reference, that is, the average of all the electrodes

Task switch

Task A = Walking

Texing condition I 30 sec

L)

Response

1sec I ii¥sec I

Cue  Stimulus

Task A = TWW

!
I Task B = Direction identification

Fig. 2. Experimental design. A trial in the walking condition is composed of Task A = Walking followed by Task B and a trial in the texting condition is composed of

Task A = TWW followed by Task B.
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(Luck, 2005) and segmented to isolate the two seconds after the pre-
sentation of the walker and a corresponding two second baseline twelve
seconds prior to the auditory cue to capture a walking-only baseline.
The walker stimulus segments (Task B) and the baseline segments (Task
A) were analyzed separately with a Fast-Fourier Transform (FFT) on 1 s
epochs to obtain power values in the frequency domain. For both
conditions, all post-stimulus epochs and all baseline epochs were
averaged separately. As the goal of this study is to investigate the
neurophysiological activity involved in task switching during texting
while walking episodes, the analyses consist of condition differences
(walking vs. texting) in brain-behavior correlations. More precisely, we
aim at determining if the two substeps of task-set inhibition and task-set
activation have a different impact on behavioral switch cost (indexed
by decrease in performance). Therefore, EEG data was analyzed ac-
cording to two indexes of task-related activity: alpha oscillations and
cognitive engagement.

Recent research suggests that alpha oscillations do not reflect simple
idling of brain areas, but possibly working memory control and active
inhibition of task-irrelevant brain circuits (Klimesch, 1999; Jensen
et al., 2002; Busch and Herrmann, 2003; Herrmann et al., 2004). We
analyzed the alpha oscillations changes induced by the stimulus pre-
sentation by comparing the post-stimulus alpha power (8-14 Hz) and
the baseline alpha power (Pfurtscheller and Aranibar, 1977; Sauseng
et al., 2005) which we call the alpha ratio.

In order to estimate participant’s cognitive engagement, we used the
index developed by Pope et al. (Pope et al., 1995; Mikulka et al., 2002;
Murata, 2005). The index is based on the rationale that beta activity
reflects increases in arousal and attention while alpha and theta activity
reflect decreases (Scerbo et al., 2003). It has been extensively validated
through auto-adaptative simulators (Pope et al., 1995) and is con-
sidered a direct representation of cognitive engagement. We chose this
index to evaluate if the subject’s engagement in Task A would make TSR
more difficult. The engagement index is measured using the ratio of
combined power in the high-frequency beta bandwidth (14-20 Hz) di-
vided by total power in lower-frequency alpha (8-12Hz) and theta
(4-8 Hz) components. The combined powers were calculated as the
sums of powers at Cz and Pz for two reasons. First, the engagement
ratio is traditionally measured at central and parietal electrode loca-
tions (Pope et al., 1995; Prinzel et al., 1995; Prinzel III et al., 2003).
Second, EEG recording during walking is vulnerable to movement ar-
tefacts (Gwin et al., 2010; Cevallos et al., 2015), especially with sub-
jects with thicker hair that can bounce slightly. We found electrodes Cz
and Pz to be the most robust to these movements.

Table 1 highlights the dependent variables measures.

3. Results
3.1. Behavioral results

During their 88 trials, the 54 subjects identified the correct or-
ientation more often when they were not texting prior to stimulus onset
(83.2% vs. 79.9%) while having a comparable mean response time
(2.518s vs. 2.513s). To compare if both groups had significantly dif-
ferent means for these 2 measures, traditional T-tests cannot be used
given that these orientation tasks were performed repeatedly (88 trials)
for each subject. Therefore, to account for this intra-subject correlation

Table 1
Dependent variable measures.
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between trials we used generalized linear regression models using Proc
Glimmix with the SAS 9.4 software. For both response variables (cor-
rect identification and response time), the group (Texting versus the
reference category Not texting) was added as an explanatory variable
and we also added a random Gaussian intercept for each subject to
account for the intra-subject correlation. We note that since the re-
sponse variable, indicating for each trial if the subject correctly iden-
tified the orientation, is binary, a logit link function was used for this
regression model (also frequently called logistic regression with
random effects). These analyses indeed revealed that the odds of having
a correct response is significantly lower during the texting trials (Odds
ratio = 0.77; T= —3.12; p = 0.001), but not the mean response time
(B= —0.005; T= —0.26; p = 0.799).

The switch cost is generally measured as the difference in response
time and/or percentage of correct responses between switch trials and
non-switch trials (Monsell, 2003). Different performance ratios, such as
the Inverse Efficiency Score (IES) (Townsend and Ashby, 1983), are
commonly used in cognitive psychology to combine reaction time and
percentage of correct responses. It is particularly useful when there is a
trade-off between speed and accuracy. Such an approach combining
accuracy and response time was used in this study. Therefore, to ade-
quately compare the two conditions, we thus modeled the probability of
being accurate for each individual trial (getting the correct answer)
using a logistic regression where the response time was used as a
control variable. Again, since each subject was involved in 88 trials,
individual random intercepts for each subject were also added to the
logistic regression model to account for possible intra-subject correla-
tions between trials. This mixed effects logistic regression shows a
significant condition effect since the estimated odds of getting a correct
answer in Task B (orientation identification) is 18.9% smaller when
subjects were texting prior to stimulus onset (Odds ratio = .811;
T=—2.46; p = .014).

Fig. 3 illustrates the differences between the two conditions: The
probability of getting a correct answer is systematically lower when
TWW for any response time.

3.2. EEG results

EEG recordings performed while the participant is moving often
contain more artefacts due to sweating and facial muscle contractions
leading to higher rates of data exclusion (de Morree and Marcora, 2010;
Gwin et al., 2010). In our case, EEG data from 29 participants were
excluded because of equipment malfunction, excessive sweating arte-
facts or movement artefacts due to walking, or improper equipment
adjustment, leaving 25 participants for the EEG analysis. These exclu-
sions were determined prior to the behavioral analyses and should
therefore not impact the results.

Spectral plots for the alpha ratio (stimulus/baseline) are shown in
Fig. 4. As the alpha ratio reflects task inhibition processes, differences
between the two conditions were investigated regarding their effect on
performance, using the same sites as in the cognitive engagement ratio
(Cz, Pz). The alpha ratio being measured, for each condition, at the
participant level, to compare this ratio with its corresponding perfor-
mance, we aggregated performance during that condition (i.e., the
percentage of correct response during the 44 trials performed under
that condition).

Variable Source

Measure

Task inhibition Pfurtscheller and Aranibar (1977)
Cognitive engagement
Pope et al. (1995)
Correct response
Response time

EEG (Cz and Pz)
EEG (Cz and Pz)

Verbal response correctness
Verbal response time

Post-stimulus alpha power on baseline alpha power (8-14 Hz)

High-frequency beta bandwidth (14-20 Hz) divided by total power in lower-frequency alpha
(8-12Hz) and theta (4-8 Hz)

Binary (correct vs. incorrect)

Seconds
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Fig. 3. Behavioral switch cost. The dashed blue line represents the probability of getting a right answer when participants are texting while walking and the solid

orange line when participants are walking.

Results show that the correlations between the alpha ratio and
performance differ significantly (p = .032) between the two conditions
at Pz and are of opposite signs (see Table 1). This shows that the alpha
ratio’s impact on performance is different when the participants were
texting from when they were simply walking. No significant difference
was found at Cz showing that the effect was mainly located in the
parietal region of the scalp. The test for the difference between two
correlation coefficients is based on the z-test to compare correlation
coefficients measured from the same individual proposed by Steiger
(1980).

In order to investigate the effect of task engagement on switch cost,
differences between the two conditions for the relation between the
cognitive engagement ratio and performance were calculated. A sig-
nificant difference was found between the two conditions (see Table 2).

Results show that the correlations between engagement and per-
formance differ significantly (p = .027) when participants were
walking than when they were texting while walking before task switch.
The estimation of these two correlations also suggests that they are of
opposite signs. The same test as above was used to compare correlation
coefficients (Table 3).

4. Discussion

The aim of the present study was to investigate the cognitive and
attentional processes underlying switch cost during texting while
walking. The behavioral results indicate that the experimental manip-
ulation did induce a switch cost as participants who were texting while
walking performed significantly worse in identifying the incoming

Table 2
Difference between the two conditions in the relation between performance and
alpha oscillations ratio.

Electrodes Experimental condition Test of the null hypothesis of
correlation difference = 0
Walking Texting while walking
r r z (p-value)
Cz —.040 —.036 .014 (.989)
Pz .360 -.277 2.140 (.032)
Table 3

Difference between the two conditions (texting vs walking) in the relation be-
tween performance and cognitive engagement.

Test of the null hypothesis of
correlation difference = 0

Experimental condition

Walking Texting while walking
r r z (p-value)
—-.326 .236 2.20 (.027)

walker’s direction than participants who were only walking (Fig. 3). By
examining the relationship between this observed switch cost and the
EEG results, this study provides an initial understanding of how texting
while walking interferes with a concurrent task.

Task-Set Reconfiguration involves the active update of the up-
coming task-set and the inhibition of the previous task-set. The un-
derlying sub-processes and the relative importance that these two steps

Fig. 4. Spectral power plots. Grand average of spectral power plots after presentation of the stimulus for Task A — walking (solid line) and for Task A - texting while

walking (dashed line).
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Fig. 5. Task-set activation. The relations between cognitive en-
gagement (CE) and performance are significantly different be-
tween the two conditions. The relation is negative in the walking
condition and positive in the texting condition.

£

Texting

«

play in the structure of switch cost are still being debated (De Baene
et al.,, 2012; Li et al., 2012). The task-set inertia theory suggests that
inhibition is a more crucial step and that switch cost will change more
as a function of Task A than Task B (Wylie and Allport, 2000). A study
by Li et al. (2012) indicates that both processes play a specific role in
switch cost and can be indexed using EEG measurements. In our ex-
perimental design, the same task-set activation is required in both
conditions at Task B cue (see Fig. 2). However, task-set inhibition needs
to be performed only in the texting condition. As normal unobstructed
walking requires the allocation of few attentional resources in healthy
young participants (Yogev-Seligmann et al., 2008), Task A inhibition
should not be required for Task B to be performed in the walking
condition, or at least in a much less extent. As will be discussed in the
next two sections, our EEG results also indicate a different impact of
task-set activation and inhibition on switch cost in the two conditions.

4.1. Task-set activation

Results show that the correlations between performance and cog-
nitive engagement during Task A differ between the two conditions and
are of opposite signs (see Fig. 5).

This indicates that task engagement has a stronger impact on switch
cost in the walking condition. Participants in that condition were
walking on the treadmill and awaiting the next cue. However, as the
response-stimulus interval was relatively long (30s), participants may
have been engaging their attentional resources in other activities. The
more participants engage in parallel trains of thought while waiting for
the next cue, the less attentional resources are available to engage in
task-set activation processes. This leads to a decreased performance and
increased switch cost. The tendency to engage in mind wandering while
performing a specific task has been observed in many studies
(Smallwood et al., 2003; Mason et al., 2007), even during critical tasks
such as driving a car (Galéra et al., 2012) and piloting an aircraft (Jones
and Endsley, 1996). The negative relation between cognitive engage-
ment and performance may then reflect the sharing of attentional re-
sources between mind wandering activities and task switching pre-
paration. Additional research is needed to test the proposed mind
wandering effect.

In sum, the effect of cognitive engagement is therefore in line with
numerous results obtained in task-switching research, in which pre-
paration accounts for an important part of switch cost (Rogers and
Monsell, 1995b; Meiran, 1996; Monsell and Mizon, 2006; Li et al.,
2012). However, the fact that the correlation is of the opposite sign in
the TWW condition may indicate that task-set activation is not the most
important factor for switch cost when greater task-set inhibition is also
required.

Walking a ratio T

T performance

T performance

4.2. Task-set inhibition

As illustrated in Fig. 6, it can be seen in our results that correlations
between the parietal (Pz) alpha ratio and performance differ between
the two conditions. It is of negative sign and contributing to switch cost
when subjects are texting. Since the correlation is of opposite sign in the
walking condition, it can be assumed that it reflects the additional re-
sources required by task-set inhibition (only required in the TWW
condition).

Alpha oscillations, particularly in the parietal region, have been
linked to different executive processes in working memory (Jensen
et al., 2002; Brass et al., 2005; Klimesch et al., 2006; Klimesch, 2012).
More precisely, it has been postulated that event-related synchroniza-
tion (ERS) is indicative of the inhibition of irrelevant information
during task switching (See Klimesch et al., 2008 for a review). Although
we did not use a standard measure of ERS (Sauseng et al., 2005), the
alpha ratio represents a variation in alpha power after stimulus onset,
and could index the inhibition taking place during task switching. As
the ratio-performance correlations are significantly different and of
opposite signs between the two conditions, it indicates a different ac-
count of inhibition on performance. In other words, the extent to which
participants engage resources in task-set inhibition has more effect on
upcoming performance when they are texting. It is not the case in the
walking condition as less inhibition is required.

As mentioned, the relative contributions of task-set activation and
inhibition underlying switch cost is most likely task dependent. As our
results suggest that inhibition is more indicative of performance im-
pairment when participants switch away from a TWW episode, further
research is needed to investigate why it occurs. It could be hypothesized
that TWW has a rather important attentional inertia because of its high
interference potential. A recent study by Longman et al. (2014) suggests
that attentional inertia may be an important source of residual switch
cost. As predicted by multitasking and attentional sharing theories,
tasks that share many characteristics are more likely to interfere with
each other. It has also been suggested that task interference yields from
the level of crosstalk (e.g., similarity in sensory inputs, type of in-
formation) between two tasks (Pashler, 1994). A study by Koch (2009)
shows that dual-task performance is substantially worse with strong
crosstalk than with weak crosstalk. In that regard, TWW has a high
potential of interference with other tasks required of pedestrians, such
as noticing traffic lights changes or identifying street crossing oppor-
tunities. It requires acute visual attentional resources, motor move-
ment, language processing, and memory retrieval of information. It is
therefore likely that the inhibition hurdle caused by TWW attentional
inertia stems from interference and crosstalk phenomena. Investigating
changes in switch cost by manipulating Task B characteristics would
help to specify the nature of the interference with a variety of pedes-
trian behaviors.

Fig. 6. Task-set inhibition. The relations between the alpha ratio
and performance are significantly different between the two
conditions. The relation is negative in the texting condition and

£
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positive in the walking condition.

1 performance
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4.3. Contributions and implications

By investigating pedestrian cognitive responses while texting, this
study extends prior observational and behavioral research (Hatfield and
Murphy, 2007; Nasar et al., 2008; Hyman et al., 2010) by providing an
in-depth explanation of the underlying cognitive phenomena at play
when pedestrians are texting while walking. Specifically, it shed light
on the task switching process of pedestrians by showing how both task
switching components, i.e., task-set activation and task-set inhibition,
affect pedestrians when they switch their attention to their physical
environment.

Nasar and Troyer (2013) suggest accidents related to cellphone
usage by pedestrians is on the rise and that using a cellphone while
walking put them at risk of accident, injury, or death. Results of this
study show that task switching plays a role in pedestrian safety per-
formance where it comes to texting while walking. Finding ways to help
pedestrians move from one task (e.g., texting) to another task (e.g.,
crossing a street) by diminishing their switch cost would reduce their
safety risk. This could include technological (Wang et al., 2012; Zhou,
2015; Liu et al., 2016; Rahimian et al., 2016) and public place design
solutions (Nasar and Troyer, 2013). Solutions such as changes in the
texture of the sidewalk along its edges, embedded traffic lights in the
pavement, or alerts from incoming cars sent to pedestrians’ cellphone
have been proposed. For instance, Rahimian et al. (2018) empirically
show the potential of alerts to improve decision making and safety of
people texting while walking; thus probably helping them perform their
task-set reconfiguration is a timelier manner.

5. Conclusion

The goal of the present study was to investigate the underlying
cognitive and attentional effects of smartphone use by pedestrians. To
our knowledge, this is the first study to observe objectively measured
brain activity in a realistic context of texting while walking as, until
recently, equipment allowing for recording neurophysiological data
while in movement was not available. As the first study of its kind, it
does come with limitations. First of all, because of equipment problems,
a portion of the participants were excluded from the neurophysiological
analyses. Second, we chose to use a point-like walker figure as a sti-
mulus instead of a real person as it allowed for more control over sti-
muli presentation. It also improved the precision of event synchroni-
zation with the EEG data. Future work could use different stimuli (e.g.,
real person, cars) and tasks (e.g., street crossing decision). Third, we did
not perform power analyses prior to the experimentation, the sample
size was determined based on extraneous factors such as lab avail-
ability. Finally, future work could be performed in a real-world en-
vironment to increase the ecological validity of the results, e.g., moving
from a treadmill walking condition to a normal over ground walking
condition. As people do not walk in their activities of daily living on a
treadmill, this modification in the experimental procedure is necessary
to test the transferability of our results into a real-world scenario.

Taken together, results suggest that the role of task-set inhibition on
switch cost is more important when subjects are texting while walking.
This research contributes to a better understanding of the processes
involved in texting while walking distraction and should help improve
the interventions aimed at reducing the associated risks.

References

Allport, D.A., Styles, E.A., Hsieh, S., 1994. Shifting Intentional Set: Exploring the Dynamic
Control of Tasks.

Brass, M., Ullsperger, M., Knoesche, T.R., Von Cramon, D.Y., Phillips, N.A., 2005. Who
comes first? The role of the prefrontal and parietal cortex in cognitive control. J.
Cogn. Neurosci. 17 (9), 1367-1375.

Busch, N.A., Herrmann, C.S., 2003. Object-load and feature-load modulate eeg in a short-
term memory task. Neuroreport 14 (13), 1721-1724.

Byington, K.W., Schwebel, D.C., 2013. Effects of mobile internet use on college student

Accident Analysis and Prevention 127 (2019) 1-8

pedestrian injury risk. Accid. Anal. Prev. 51, 78-83.

Cavanagh, P., Labianca, A.T., Thornton, I.M., 2001. Attention-based visual routines:
sprites. Cognition 80 (1), 47-60.

Cevallos, C., Zarka, D., Hoellinger, T., Leroy, A., Dan, B., Cheron, G., 2015. Oscillations in
the human brain during walking execution, imagination and observation.
Neuropsychologia 79, 223-232.

Commission, U.S.C.P.S., 2013. National Electronic Injury Surveillance System (neiss).

De Baene, W., Kiihn, S., Brass, M., 2012. Challenging a decade of brain research on task
switching: brain activation in the task-switching paradigm reflects adaptation rather
than reconfiguration of task sets. Hum. Brain Mapp. 33 (3), 639-651.

De Morree, H.M., Marcora, S.M., 2010. The face of effort: frowning muscle activity re-
flects effort during a physical task. Biol. Psychol. 85 (3), 377-382.

Drews, F.A., Yazdani, H., Godfrey, C.N., Cooper, J.M., Strayer, D.L., 2009. Text messaging
during simulated driving. Hum. Factors J. Hum. Factors Ergon. Soc.

Emarketer, 2017. Leading Digital Activities Conducted Via Smartphone by Smartphone
Owners Worldwide. July 2013-Dec 2016. .

Fort, A., Collette, B., Bueno, M., Deleurence, P., Bonnard, A., 2013. Impact of totally and
partially predictive alert in distracted and undistracted subjects: an event related
potential study. Accid. Anal. Prev. 50, 578-586.

Galéra, C., Orriols, L., M’bailara, K., Laborey, M., Contrand, B., Ribéreau-Gayon, R.,
Masson, F., Bakiri, S., Gabaude, C., Fort, A., 2012. Mind wandering and driving:
responsibility case-control study. BMJ 345, e8105.

Gwin, J.T., Gramann, K., Makeig, S., Ferris, D.P., 2010. Removal of movement artifact
from high-density eeg recorded during walking and running. J. Neurophysiol. 103
(6), 3526-3534.

Hatfield, J., Murphy, S., 2007. The effects of mobile phone use on pedestrian crossing
behaviour at signalised and unsignalised intersections. Accid. Anal. Prev. 39 (1),
197-205.

Herrmann, C.S., Sensowski, D., Réttger, S., 2004. Phase-locking and amplitude modula-
tions of eeg alpha: two measures reflect different cognitive processes in a working
memory task. Exp. Psychol. 51 (4), 311.

Horrey, W.J., Wickens, C.D., 2006. Examining the impact of cell phone conversations on
driving using meta-analytic techniques. Hum. Factors J. Hum. Factors Ergon. Soc. 48
(1), 196-205.

Hyman, LE., Boss, S.M., Wise, B.M., Mckenzie, K.E., Caggiano, J.M., 2010. Did you see the
unicycling clown? Inattentional blindness while walking and talking on a cell phone.
Appl. Cogn. Psychol. 24 (5), 597-607.

Jehle, D., 2014. Think it’s Safe to Type a Quick Text While Walking? Guess Again. http://
www.buffalo.edu/news/releases/2014,/02/022.html.

Jensen, O., Gelfand, J., Kounios, J., Lisman, J.E., 2002. Oscillations in the alpha band
(9-12 hz) increase with memory load during retention in a short-term memory task.
Cereb. Cortex 12 (8), 877-882.

Johansson, G., 1973. Visual perception of biological motion and a model for its analysis.
Percept. Psychophys. 14 (2), 201-211.

Jones, D.G., Endsley, M.R., 1996. Sources of situation awareness errors in aviation. Aviat.
Space Environ. Med. 67 (June (6)), 507-512.

Jung, T.-P., Makeig, S., Westerfield, M., Townsend, J., Courchesne, E., Sejnowski, T.J.,
2000. Removal of eye activity artifacts from visual event-related potentials in normal
and clinical subjects. Clin. Neurophysiol. 111 (10), 1745-1758.

Klimesch, W., 1999. Eeg alpha and theta oscillations reflect cognitive and memory per-
formance: a review and analysis. Brain Res. Rev. 29 (2), 169-195.

Klimesch, W., 2012. Alpha-band oscillations, attention, and controlled access to stored
information. Trends Cogn. Sci. 16 (12), 606-617.

Klimesch, W., Doppelmayr, M., Hanslmayr, S., 2006. Upper alpha erd and absolute
power: their meaning for memory performance. Prog. Brain Res. 159, 151-165.

Klimesch, W., Freunberger, R., Sauseng, P., Gruber, W., 2008. A short review of slow
phase synchronization and memory: evidence for control processes in different
memory systems? Brain Res. 1235, 31-44.

Koch, I., 2009. The role of crosstalk in dual-task performance: evidence from manip-
ulating response-code overlap. Psychol. Res. PRPF 73 (3), 417-424.

Legault, 1., Troje, N.F., Faubert, J., 2012. Healthy older observers cannot use biological-
motion point-light information efficiently within 4 m of themselves. iPerception 3
(2), 104-111.

Lella, A., 2017. In: Comscore (Ed.), U.S. Smartphone Penetration Surpassed 80 Percent in
2016.

Li, L., Wang, M., Zhao, Q.-J., Fogelson, N., 2012. Neural mechanisms underlying the cost
of task switching: an erp study. PLoS One 7 (7), e42233.

Liu, Z., Liu, Z., Meng, Z., Yang, X., Pu, L., Zhang, L., 2016. Implementation and perfor-
mance measurement of a v2x communication system for vehicle and pedestrian
safety. Int. J. Distrib. Sens. Netw. 12 (9), 1550147716671267.

Longman, C.S., Lavric, A., Munteanu, C., Monsell, S., 2014. Attentional inertia and de-
layed orienting of spatial attention in task-switching. J. Exp. Psychol. Hum. Percept.
Perform. 40 (4), 1580.

Luck, S., 2005. An introduction to the event-related potential technique (cognitive neu-
roscience). A Bradford Book.

Mason, M.F., Norton, M.I., Van Horn, J.D., Wegner, D.M., Grafton, S.T., Macrae, C.N.,
2007. Wandering minds: the default network and stimulus-independent thought.
Science 315 (5810), 393-395.

Meiran, N., 1996. Reconfiguration of processing mode prior to task performance. J. Exp.
Psychol. Learn. Mem. Cogn. 22 (6), 1423.

Mikulka, P.J., Scerbo, M.W., Freeman, F.G., 2002. Effects of a biocybernetic system on
vigilance performance. Hum. Factors J. Hum. Factors Ergon. Soc. 44 (4), 654-664.

Monsell, S., 1996. Control of Mental Processes. Unsolved Mysteries of the Mind: Tutorial
Essays in Cognition. pp. 93-148.

Monsell, S., 2003. Task switching. Trends Cogn. Sci. 7 (3), 134-140.

Monsell, S., Mizon, G.A., 2006. Can the task-cuing paradigm measure an endogenous


http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0005
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0005
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0010
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0010
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0010
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0015
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0015
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0020
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0020
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0025
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0025
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0030
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0030
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0030
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0035
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0040
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0040
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0040
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0045
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0045
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0050
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0050
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0055
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0055
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0060
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0060
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0060
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0065
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0065
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0065
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0070
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0070
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0070
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0075
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0075
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0075
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0080
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0080
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0080
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0085
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0085
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0085
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0090
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0090
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0090
http://www.buffalo.edu/news/releases/2014/02/022.html
http://www.buffalo.edu/news/releases/2014/02/022.html
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0100
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0100
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0100
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0105
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0105
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0110
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0110
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0115
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0115
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0115
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0120
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0120
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0125
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0125
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0130
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0130
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0135
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0135
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0135
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0140
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0140
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0145
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0145
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0145
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0150
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0150
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0155
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0155
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0160
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0160
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0160
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0165
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0165
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0165
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0170
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0170
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0175
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0175
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0175
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0180
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0180
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0185
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0185
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0190
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0190
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0195
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0200

F. Courtemanche, et al.

task-set reconfiguration process? J. Exp. Psychol. Hum. Percept. Perform. 32 (3), 493.

Monsell, S., Sumner, P., Waters, H., 2003. Task-set reconfiguration with predictable and
unpredictable task switches. Mem. Cognit. 31 (3), 327-342.

Murata, A., 2005. An attempt to evaluate mental workload using wavelet transform of
eeg. Hum. Factors 47 (3), 498-508.

Nasar, J.L., Troyer, D., 2013. Pedestrian injuries due to mobile phone use in public places.
Accid. Anal. Prev. 57 (0), 91-95.

Nasar, J., Hecht, P., Wener, R., 2008. Mobile telephones, distracted attention, and pe-
destrian safety. Accid. Anal. Prev. 40 (1), 69-75.

Nieuwenhuis, S., Monsell, S., 2002. Residual costs in task switching: testing the failure-to-
engage hypothesis. Psychon. Bull. Rev. 9 (1), 86-92.

Owens, J.M., Mclaughlin, S.B., Sudweeks, J., 2011. Driver performance while text mes-
saging using handheld and in-vehicle systems. Accid. Anal. Prev. 43 (3), 939-947.

Pashler, H., 1994. Dual-task interference in simple tasks: data and theory. Psychol. Bull.
116 (2), 220.

Pfurtscheller, G., Aranibar, A., 1977. Event-related cortical desynchronization detected by
power measurements of scalp eeg. Electroencephalogr. Clin. Neurophysiol. 42 (6),
817-826.

Pope, A.T., Bogart, E.H., Bartolome, D.S., 1995. Biocybernetic system evaluates indices of
operator engagement in automated task. Biol. Psychol. 40 (1-2), 187-195.

Pourchon, R., Léger, P.-M., Labonté-Lemoyne, E., Sénécal, S., Bellavance, F., Fredette, M.,
Courtemanche, F., 2017. Year. Is augmented reality leading to more risky behaviors?
An experiment with pokémon go. Proceedings of the International Conference on HCI
in Business, Government, and Organizations. pp. 354-361.

Prinzel, L.J., Scerbo, M.W., Freeman, F.G., Mikulka, P.J., 1995. Year. A bio-cybernetic
system for adaptive automation. Proceedings of the Proceedings of the Human
Factors and Ergonomics Society Annual Meeting. pp. 1365.

Prinzel lii, L.J., Parasuraman, R., Freeman, F.G., Scerbo, M.W., Mikulka, P.J., Pope, A.T.,
2003. Three Experiments Examining the Use of Electroencephalogram, Event-Related
Potentials, and Heart-Rate Variability for Real-Time Human-Centered Adaptive
Automation Design.

Rahimian, P., O’neal, E.E., Yon, J.P., Franzen, L., Jiang, Y., Plumert, J.M., Kearney, J.K.,
2016. Year. Using a virtual environment to study the impact of sending traffic alerts
to texting pedestrians. Proceedings of the 2016 IEEE Virtual Reality (VR). pp.
141-149.

Rahimian, P., O’neal, E.E., Zhou, S., Plumert, J.M., Kearney, J.K., 2018. Harnessing ve-
hicle-to-pedestrian (v2p) communication technology: sending traffic warnings to
texting pedestrians. Hum. Factors, 0018720818781365.

Rogers, R.D., Monsell, S., 1995a. Costs of a predictible switch between simple cognitive
tasks. J. Exp. Psychol. Gen. 124 (2), 207.

Rogers, R.D., Monsell, S., 1995b. Costs of a predictible switch between simple cognitive
tasks. J. Exp. Psychol. Gen. 124 (2), 207-231.

Sauseng, P., Klimesch, W., Doppelmayr, M., Pecherstorfer, T., Freunberger, R.,
Hanslmayr, S., 2005. Eeg alpha synchronization and functional coupling during top-

Accident Analysis and Prevention 127 (2019) 1-8

down processing in a working memory task. Hum. Brain Mapp. 26 (2), 148-155.

Scerbo, M.W., Freeman, F.G., Mikulka, P.J., 2003. A brain-based system for adaptive
automation. Theor. Issues Ergon. Sci. 4 (1-2), 200-219.

Schwebel, D.C., Stavrinos, D., Byington, K.W., Davis, T., O’'neal, E.E., De Jong, D., 2012.
Distraction and pedestrian safety: how talking on the phone, texting, and listening to
music impact crossing the street. Accid. Anal. Prev. 45 (0), 266-271.

Smallwood, J., Obonsawin, M., Heim, D., 2003. Task unrelated thought: the role of dis-
tributed processing. Conscious. Cogn. 12 (2), 169-189.

Sonnleitner, A., Treder, M.S., Simon, M., Willmann, S., Ewald, A., Buchner, A., Schrauf,
M., 2014. Eeg alpha spindles and prolonged brake reaction times during auditory
distraction in an on-road driving study. Accid. Anal. Prev. 62, 110-118.

Stavrinos, D., Byington, K.W., Schwebel, D.C., 2011. Distracted walking: cell phones in-
crease injury risk for college pedestrians. J. Saf. Res. 42 (2), 101-107.

Steiger, J.H., 1980. Tests for comparing elements of a correlation matrix. Psychol. Bull. 87
(2), 245.

Svenson, O., Patten, C.J., 2005. Mobile phones and driving: a review of contemporary
research. Cogn. Technol. Work 7 (3), 182-197.

Thompson, L.L., Rivara, F.P., Ayyagari, R.C., Ebel, B.E., 2013. Impact of social and
technological distraction on pedestrian crossing behaviour: an observational study.
Inj. Prev. 19 (4), 232-237.

Thornton, I.M., Rensink, R.A., Shiffrar, M., 2002. Active versus passive processing of
biological motion. Perception London 31 (7), 837-854.

Townsend, J.T., Ashby, F.G., 1983. Stochastic Modeling of Elementary Psychological
Processes. Cambridge University Press, Cambridge.

Troje, N.F., 2008. Retrieving information from human movement patterns. Understanding
Events: How Humans See, Represent, and Act on Events 1. pp. 308-334.

Wang, T., Cardone, G., Corradi, A., Torresani, L., Campbell, A.T., 2012. Year. Walksafe: a
pedestrian safety app for mobile phone users who walk and talk while crossing roads.
Proceedings of the Proceedings of the Twelfth Workshop on Mobile Computing
Systems & Applications. pp. 5.

Wester, A., Bocker, K., Volkerts, E., Verster, J.C., Kenemans, J.L., 2008. Event-related
potentials and secondary task performance during simulated driving. Accid. Anal.
Prev. 40 (1), 1-7.

Wylie, G., Allport, A., 2000. Task switching and the measurement of “switch costs”.
Psychol. Res. 63 (3-4), 212-233.

Yeung, N., Nystrom, L.E., Aronson, J.A., Cohen, J.D., 2006. Between-task competition and
cognitive control in task switching. J. Neurosci. 26 (5), 1429-1438.

Yogev-Seligmann, G., Hausdorff, J.M., Giladi, N., 2008. The role of executive function and
attention in gait. Mov. Disord. 23 (3), 329-342.

Zhao, C., Zhao, M., Liu, J., Zheng, C., 2012. Electroencephalogram and electro-
cardiograph assessment of mental fatigue in a driving simulator. Accid. Anal. Prev.
45, 83-90.

Zhou, Z., 2015. Headsup: keeping pedestrian phone addicts from dangers using mobile
phone sensors. Int. J. Distrib. Sens. Netw. 11 (5), 279846.


http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0200
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0205
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0205
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0210
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0210
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0215
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0215
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0220
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0220
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0225
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0225
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0230
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0230
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0235
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0235
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0240
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0240
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0240
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0245
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0245
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0250
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0250
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0250
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0250
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0255
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0255
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0255
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0260
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0260
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0260
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0260
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0265
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0265
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0265
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0265
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0270
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0270
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0270
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0275
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0275
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0280
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0280
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0285
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0285
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0285
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0290
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0290
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0295
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0295
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0295
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0300
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0300
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0305
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0305
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0305
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0310
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0310
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0315
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0315
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0320
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0320
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0325
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0325
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0325
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0330
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0330
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0335
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0335
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0340
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0340
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0345
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0345
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0345
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0345
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0350
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0350
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0350
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0355
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0355
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0360
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0360
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0365
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0365
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0370
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0370
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0370
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0375
http://refhub.elsevier.com/S0001-4575(19)30290-8/sbref0375

	Texting while walking: An expensive switch cost
	Introduction
	Methods
	Participants
	Apparatus
	Procedure
	EEG recording and data analysis

	Results
	Behavioral results
	EEG results

	Discussion
	Task-set activation
	Task-set inhibition
	Contributions and implications

	Conclusion
	References




