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Mind wandering, when attention is internally engaged on task-unrelated thoughts, is potentially hazardous 

for driving. Understanding the factors that influence the frequency of mind wandering during driving is 

important, but remains unclear. This study investigated the effect of perceptual load on the rate and cost of 

mind wandering during driving. Perceptual load was varied in simulated driving by controlling the amount 

of presentation of traffic, intersections and buildings along the drive. We found a higher frequency of mind 

wandering in the lower perceptual load condition when a plain drive with no traffic, intersections or 

buildings were presented. Impacts of mind wandering on driving were found in reaction time, with task-

unrelated thought having a longer time to respond. 

 

INTRODUCTION 

 

Mind wandering, or task-unrelated thought, is an 

incredibly common phenomenon in our routine days, 

sometimes occupying as much as 30% of our waking time 

(Kane et al., 2007; McVay et al., 2009) and consisting of as 

much as 50% of all thoughts during daily activities 

(Killingworth & Gilbert, 2010; Klinger, 1999). It is more 

frequent when we are engaged in tasks that are simple, 

overlearned, or well-practiced (Antrobus, 1968; Cheyene et 

al., 2006; Cunningham et al., 2000; Giambra, 1995; Mason et 

al., 2007; Teasdale et al., 1993).  During mind wandering, our 

attention is disengaged from the external environment in a 

state of perceptual decoupling (Smallwood & Schooler, 2006; 

Schooler et al., 2011). This inattention to our external 

environment can cause reduced encoding of task-relevant 

information, and has been seen to impair performance in 

reading (Smallwood 2011), signal detection (Smallwood et al., 

2007), vigilance (Giambra, 1995), and simulated driving (He 

et al., 2011).  

Given the potential detrimental effects of mind 

wandering on driving, there has been an emerging desire to 

understand mind wandering during driving. The decreased 

encoding and attention to stimuli that are critical to the driving 

task could be a dangerous cost in driving in a variety of 

situations, such as when faced with an unexpected hazard or 

when trying to perform an accurate assessment of risk. While 

there is a broad body of work on the detriments due to fatigue, 

alcohol, and dual-tasking, the topic of mind wandering –

sometimes referred to as internal distraction – and its influence 

on driving is still young. The literature on this topic has found 

that during periods of mind wandering in comparison to on-

task thinking there is a longer reaction time, reduced visual 

scanning, reduced braking speed to sudden events, increased 

lateral variation, and a decreased following distance (He et al., 

2011; Lemercier et al., 2013; Martins & Brouwer, 2013; 

Yanko & Spalek, 2014). Many of these differences are seen in 

a similar manner with secondary external task, with the main 

difference being the headway distance between mind 

wandering and an external secondary task (He et al., 2011). 

This experiment found that drivers had a decreased headway 

distance when mind wandering, and an increased headway 

distance during a secondary task. This difference is thought to 

be due to the lack of awareness of diminished attention 

towards driving when attention is internally engaged. In 

contrast, when an external secondary task is performed, it is 

hypothesized that the driver is more aware of their attentional 

state and adopts precautionary driving strategies (e.g., 

decreased speed and increased headway distance) (He et al., 

2011). These performance detriments have real world 

implication, with studies on dual-task costs in driving having 

found a direct link between increased crash risk and 

participation in an unrelated secondary task in a simulated 

driving environment (Drews et al., 2010; Strayer & Johnston, 

2001). Similar links between mind wandering and crash 

responsibility have been suggested in Galéra et al (2012) using 

a retrospective self-report. Crash responsibility was calculated 

using self-report taking six factors (road environment, vehicle 

related factors, traffic conditions, accident type, traffic law 

obedience, and driving difficulty) into account. 

There has been limited research examining what 

factors influence how frequently mind wandering occurs 

during driving. These factors are important to understand as an 

increased frequency of mind wandering could potentially lead 

to a greater impairment on driving safety. Research in 

cognitive psychology suggested a few factors such as 

mindfulness (Mrazek et al., 2012) and familiarity or practice 

with the task (Antrobus, 1968; Giambra, 1995, Smallwood et 

al., 2004). In particular, one recent study (Forster & Lavie, 

2009), using a laboratory attentional task named the Sustained 

Attention to Response Task (SART), found that a greater rate 

of mind wandering was associated with a task condition when 

a lower amount of perceptual information was presented (i.e., 

a lower perceptual load).  

Many previous studies used a simplified two-lane 

rural highway design with no traffic in order to observe mind 

wandering (He et al., 2014; Martens & Brouwer, 2013; Yanko 

& Spelek, 2014). While this method may allow for the 

convenience in observing a high rate of mind wandering 

during driving, whether and how frequent we can observe 

mind wandering in other driving environments is unknown. In 

addition, how the rate of mind wandering in other driving 

environments compares to the rate in a simplified two-lane 

rural highway scenario without any traffic or surrounding 

objects is also unclear. These are important points to elaborate 

on in order to confirm the external validity of previous 

findings, and further elucidate the relationship of the driving 

environment and mind wandering on task performance.  

This study aims to understand how the perceptual 

load from the driving environment impacts mind wandering. 
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Based on the finding from Forster & Lavie (2009) study using 

a laboratory attentional task, we expect to observe lower rates 

of mind wandering during the high perceptual load condition, 

and for performance deficits to be seen in either the high load 

condition or mind wandering in general. In addition, we 

examine how mind wandering influences driving in 

environments of low and high perceptual load.  

 

METHOD 

 

Participants 

 

 A total of 29 undergraduate students (20 men, 9 

women) participated in this study for course credits. Data from 

four participants were excluded from analysis due to one 

participant falling asleep during the experiment, and three 

participants being unable to follow the task instructions (two 

participants either always indicated that they were mind 

wandering or on-task for all probes, and one participant 

experienced language barrier issues). As a result, observations 

from 25 participants (men 16, 9 women; Age: mean = 20.24, 

SD = 5.86) were included in the data analysis. All participants 

reported normal or corrected–to-normal vision and held valid 

government issued driver’s licenses. None of the participants 

reported simulator sickness during the experiment.  

 

Simulated Driving 

 

Driving simulations were run on a PC-based, console 

version of STISIM Drive 3. The simulator had three 42-inch 

monitors covering a 135° horizontal and 24° vertical field of 

view, a full size steering wheel and foot pedals, a driver’s seat, 

and a button panel on the right side of the driving wheel for 

secondary tasks (Figure 1). Three buttons on the panel were 

used: two upper buttons for task-related and task-unrelated 

thoughts, and a lower left button for starting a driving 

scenario. Two speakers positioned to the left and right bottom 

corners of the central screen were used for audio. Driving 

performance was recorded at 60Hz. Measures of driving 

performance included lateral control (lane position, lateral 

velocity, and acceleration), longitudinal control (longitudinal 

velocity and acceleration), general control (brake input, gas 

input, and crash incidence). The choice of these measures was 

based on He et al. (2011) and Lemercier et al. (2014).  

 

 
Figure 1. STISIM Drive 3 Console stimulator used in this 

experiment.  

 

Participants drove through two scenarios in both a 

low perceptual load and a high perceptual load condition. 

Perceptual load conditions were counterbalanced between 

participants. Every participant first went through a brief 

training drive (6 km) preceding each of the experimental 

conditions. The perceptual load scenarios were each a total of 

65 km. Both conditions had the participant follow a lead 

vehicle which maintained a constant distance from the 

participant throughout the drive. The method of employing a 

lead vehicle has been previously used in studies examining 

mind wandering during driving (He et al., 2011; Yanko & 

Spalek, 2013). The low perceptual load drive (Figure 2a) was 

simple, containing no traffic, tree, house, or intersection. It 

consisted of 10 hills and 12 curves, both balanced for 

magnitude and direction, and were presented in a randomized 

order. Speed limit signs with a constant speed limit of 45 

mile/h (72.4 km/h) between both conditions were posted along 

the road every 2 km. The high perceptual load drive (Figure 

2b) contained the same road elements (hills and curves, with a 

different randomized order) as in the low perceptual load 

condition, but had trees throughout the drive, along with eight 

houses, 30 incoming vehicles, and three 2-way stop 

intersections that did not require the driver to make any 

particular response.  

 

(a)   (b)  
Figure 2. Illustrations of the driving environments of (a) low 

perceptual load, and (b) high perceptual load. 

 

Report of Mind Wandering 

 

Mind wandering was measured through the use of an 

intermittent probe, at which participants would indicate 

through a button the content of their thoughts (task-related vs. 

task-unrelated). The tone was presented at fixed intervals by 

distance within the simulations between 30-90 seconds in 

order to limit predictability, for an average of one per minute. 

A total of 15 mind wandering probes were presented during 

perceptual load condition. The tone was at 400Hz lasting one 

second. The tone was played twice while instructions were 

given about responding to them. Participants were asked to 

indicate whether they were thinking of task-related or un-

related thoughts for the 10 seconds prior to the tone by 

pressing one of the two labeled buttons to the right of the 

steering wheel.  Only the data from the 10 seconds prior to the 

tone were analyzed in order to minimize risk of artifacts from 

pressing the button. The interval did not go beyond 10 seconds 

before the probe in order to ensure the representativeness of 

each period associated with a response (similar methods used 

in He et al., 2011; and in Smallwood et al., 2008). The probe 

method has been shown to be an effective measure of mind 

wandering (Levinson et al., 2012; Smallwood et al., 2008; 

Smallwood & Schooler, 2006; Uzzaman & Jordens, 2011), 

and there is precedence of its use during simulated driving 

(Yanko & Spalek, 2014). Participants were given examples for 

task-related thoughts (e.g., thinking about incoming traffic 
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while driving) and task-unrelated thoughts (e.g., thinking 

about eating during a test).  

 

Procedure 

 

Participants first filled out a brief questionnaire about 

general demographics, vision, driving history, and past 

experience in motion sickness. Participants were then brought 

into the simulation room and received instructions about the 

experiment. Participants completed a training drive, and then 

two simulated drives in the experiment session.  A five- 

minute break was given after the first drive in the experiment 

session. Participants were instructed to proceed safely as in 

their daily driving.   

 

RESULTS 

 

 Repeated-measures ANOVA and paired samples t-

tests were used for statistical analysis. All ANOVA’s passed 

Levene’s test of homogeneity of variance and Box’s test of 

equality of covariance, and all t-tests were two-tailed. 

Demographic data were analyzed using an independent two-

tailed t-test or regression comparing the rate of mind 

wandering, with all measures being non-significant (p > .05).  

 

Rate of Mind Wandering 

 

 The rate of mind wandering was calculated per 

participant by the number of probes reported as task-unrelated 

thought over the total number of probes that they experienced. 

The average rate of mind wandering across perceptual load 

conditions was 44%. A paired samples t-test was used to 

analyze the effect of the level of perceptual load (low load vs. 

high load) on the rate of mind wandering. A significant effect 

was found for the level of perceptual load, t(1, 24) = 2.752 , p 

= .011. Participants’ minds-wandered more in the low load 

condition (M = .51, SD = .26) than in the high load condition 

(M = .39, SD = .19).  

 
Figure 3. Rate of mind wandering in the low perceptual load 

and high perceptual load conditions. 

 

Time to Respond to Mind Wandering Probes 

 

 Time to respond with the self-reported thought type 

after hearing the tone was analyzed using a 2×2 (thought type 

× level of perceptual load) within subject repeated-measures 

ANOVA. Self-reported thought type had 2 levels (task-related, 

task-unrelated) and perceptual load had 2 levels (low load, 

high load). There was a significant main effect for thought 

type, F(1, 22) = 6.24, p = .020, η2 = .22. Participants had a 

quicker reaction time when they reported task-related thoughts 

(M=2.20, SD = .50) than task-unrelated thoughts (M = 2.37, 

SD = .58). There was also a significant main effect for the 

level of perceptual load, F(1,22) = 13.51, p = .001, η2 = .38. 

Participants had a quicker reaction time in the low load 

condition (M = 2.17, SD = .47) than the high load condition 

(M = 2.41, SD = .61). There was no significant interaction 

between thought type and level of perceptual load, F(1, 22) = 

.79, p = .384.  

 

 
Figure 4. Time to respond to a probe in the low perceptual 

load and high perceptual load conditions, for task-related 

thoughts (left panel) and task-unrelated thoughts (right panel). 

 

Objective Driving Measures 

 

Lateral control. No significant difference was found 

within lateral velocity between the two perceptual load 

conditions, F(1, 22) = .53, p = .474, or thought types, F(1, 22) 

= 1.66, p = .211. No main effect was found for lateral 

acceleration between the perceptual load conditions, F(1, 22) 

= .01, p = .911, or thought types, F(1, 22) = .62, p = .440. 

However, a significant interaction was found for lateral lane 

position (measured in meters) between level of perceptual load 

and thought type, F(1, 22) = 4.89, p = .038, η2 = .18. Within 

task-related thought, participants during the high load 

condition had a higher (more to the right) lateral lane position 

(M = 6.27, SD = .52) during the high perceptual load drive 

than during the low perceptual load drive (M = 6.04, SD = 

.51). No differences were found in task-unrelated thought 

between the high load condition (M = 6.14, SD = .45) and the 

low load condition (M = 6.15, SD = .58).   

Longitudinal control. A main effect was found for 

condition with total distance travelled (measured in meters) at 

the point of the probe, F(1, 22) = 7.69, p = .011, η2 = .27. 

Distance was used as a stand in for speed due to technical 

problems preventing speed collection data for the first 5 

participants. Participants in the low perceptual load condition 

(M = 27466, SD = 1275) drove over a shorter distance during 

this interval than in the high perceptual load condition (M = 
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30953, SD = 752).No main effect was found in longitudinal 

velocity between the high perceptual load and low perceptual 

load conditions, F(1, 22) = 1.19, p = .287, or thought type, 

F(1, 22) = .00, p = .976. There was no significant difference in 

longitudinal acceleration between levels of perceptual load, 

F(1, 22) = .99, p = .332, or thought types, F(1, 22) = .25, p = 

.625.  

General control. For gas input, neither level of 

perceptual load, F(1, 22) = 2.18, p = .154, nor thought type, 

F(1, 21) = .99, p = .329, significantly affected the amount of 

gas input. Similarly for brake input, neither level of perceptual 

load, F(1, 21) = .39, p = .541, nor thought type, F(1, 21) = .41, 

p = .529, significantly affected the amount of brake input. No 

participant crashed in the scenarios. There was no significant 

difference between the total time between the low perceptual 

load condition (M = 925.54, SD = 103.31) and the high 

perceptual load condition (M = 927.05, SD = 85.38), t(1, 24) = 

-.21, p = .837. 

 

DISCUSSION 

 

 This study examined the relationship between 

perceptual load of a driving environment and rate/cost of mind 

wandering. A low perceptual load condition was created by 

eliminating objects outside of the road and simplifying the 

layout of the road; a high perceptual load condition consisted 

of a more realistic driving environment with traffic, 

intersections and buildings. Participants followed a lead 

vehicle, and when prompted by a tone would indicate if their 

thoughts were task-related or task-unrelated. Our results are 

consistent with our prediction, that the rate of mind wandering 

is lower in the high perceptual load condition than in the low 

perceptual load condition. Within the driving performance 

measures, there was no difference in longitudinal control, total 

distance travelled or general control, but some differences 

were found within lateral control (e.g. lateral lane position). 

Participants drove over a larger distance during the data 

collection period in the low load condition than the high load 

condition. Due to technical problems that we experienced in 

the beginning of data collection (part of speed data was not 

recorded for the first five participants), this was used as a 

stand in for speed. When engaged in task-related thoughts, 

participants had a higher lateral lane position in the high 

perceptual load condition than the low perceptual load 

condition, however there was no such effect for task-unrelated 

thought. An increase in reaction time in a mind wandering 

state was also found. This is consistent with previous finding 

in the mind wandering and driving literature (He et al., 2011; 

Yanko & Spalek, 2014).  

 Our results on the relationship between perceptual 

load and rate of mind wandering were consistent with the 

previous findings on the SART (Sustained Attention to 

Response Task) by Forster & Lavie (2009). The rate of mind 

wandering in the high perceptual load condition was relatively 

high (39%) and should still be sensitive to test other more 

complex driving situations. A possible explanation for our 

finding could be that it is not just a matter of perceptual load 

but also of object and situational familiarity. According to 

Killingsworth & Gilbert (2010) participants reported higher 

rates of mind wandering in their day to day lives than are 

typically seen in labs (40-50%) and that there was only a small 

impact on the nature of the activity and the rate of mind 

wandering. Looking at the activities that people were engaged 

in during the time of probing (e.g., working, computer, 

commuting, housework, reading), the majority of them were 

practiced/familiar activities. Yanko & Spalek (2013) 

conducted a study on the effect of route familiarity on driving, 

and found it increased inattention along with some 

performance deficit. While this study did not measure 

participant's thoughts, a later study (Yanko & Spalek, 2014) 

provided partial support for the deficits due to inattention 

being related to mind wandering. Using these constructs, it is 

perhaps not surprising to see a difference between the low and 

high perceptual load condition in the rate of mind wandering, 

as the low load condition had fewer objects to become familiar 

with and to learn, while the higher load condition had more 

complexity that may take more time to acclimate. This 

hypothesis may be further examined in the data by looking at 

how the rate of mind wandering and impacts from it on 

driving changed over time during an extended drive. In 

addition, a follow-up study could be conducted to separate 

familiarity from perceptual load.  

 Some differences were found between our study and 

others that had looked into the cost of mind wandering during 

driving. Unlike He et al (2011), we found no differences in 

longitudinal control for mind wandering (i.e., task-unrelated 

thoughts) vs. on-task (i.e., task-related thoughts). This 

discrepancy may come from the differences between the 

designs of driving scenarios in the two studies.  In our 

experiment, a general instruction was given to follow the lead 

vehicle (participants were informed their goal was to follow 

the lead vehicle along the road) and that the lead vehicle 

matched the driver’s speed. This is different from their vehicle 

following task, where the lead vehicle had a set speed. Our 

choice of a matching speed was done in order to get a 

measurement of the potential speed difference between mind 

wandering and on-task thinking. 

 There are several limitations worth noting for the 

current study. First, participants’ driving behavior was 

observed in a simulated environment. Thus, the results are 

informative but may not fully generalize to real driving. 

Second, the sample size reported was smaller than desired. 

This study is ongoing and we are continuing data collecting. 

Third, we did not measure driver’s interest in each scenario as 

interest may affect how much effort a driver exerted. A 

previous study found that interest contributed to mind 

wandering in reading, and it is unclear how this finding may 

generalize to driving (Unsworth & McMillan, 2012). Fourth, 

we did not control for the presence of TRI’s (task-related 

interference, when thinking about the task causes a detriment 

to performance on that task).  

 For future directions we would like to look into 

whether perceptual load still has an effect on mind wandering 

in familiar drives. By investigating how the rate changes over 

time across these conditions, and at which point the change in 

rate of mind wandering becomes asymptotic, we may to be 

able to tease apart the relationship of familiarity, perceptual 

load, and their influence on the rate of mind wandering. 
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