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Abstract
Distracted driving is a leading cause of traffic accidents. Certain executive functions significantly affect the willingness of distracted driving; however, little research has compared the
effects of executive functions on distracted driving behaviors in different aged populations.
This study explores and compares the behavioral and cognitive processes underlying distracted driving behaviors in young and mature drivers. A total of 138 participants aged 18–
65 years old completed a self-report questionnaire for measuring executive function index
and distracted driving behaviors. Independent sample t-tests were conducted for executive
functions (motivational drive, organization, strategic planning, impulse control, and empathy) and driving variables to examine any differences between young and mature groups.
Partial correlation coefficients and z-score of these comparisons were calculated to compare the differences between age groups. Furthermore, multiple hierarchical regression
models were constructed to determine the relative contributions of age, gender, and executive functions on distracted driving behaviors. Results demonstrated the following: (1)
Mature drivers performed better for impulse control, the executive function index as well as
the measure of distracted driving behavior than young drivers; (2) the relationships between
executive functions and distracted driving behaviors did not significantly differ between
young and mature drivers; (3) for both young and mature drivers, motivational drive and
impulse control were found to significantly improve the prediction of distracted driving
behavior in regression models. The findings emphasize that similar behavioral and cognitive
processes are involved in distracted driving behavior of young and mature drivers, and can
promote a single strategy for driver education and accident prevention interventions for both
age groups.

1. Introduction
The WHO reported that about 1.35 million people of all ages were killed in road traffic accidents globally in 2016 [1]. With the rapid development of in-vehicle systems and portable electronic devices, distracted driving behaviors are among the leading causes of traffic violations.
They increasingly contribute to the risk of crashes, which pose a danger to vehicle occupants,
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pedestrians, and bicyclists. In 2017, 2935 fatal crashes occurred on roadways in the USA that
involved distraction, with 3166 people killed in motor vehicle crashes involving distracted
drivers, including 599 non-occupants (pedestrians, bicyclists, and others). Additionally, 83%
of drivers aged 15–59 years old that were involved in fatal crashes were distracted at the time
of the crashes, and Individual factors were found to affect injury severity in traffic accidents,
such as driver age, gender, etc. [2–4]. Driver distraction is a specific type of driver inattention,
which may impair driving performance in terms of speed control, lane-keeping, and responding to dangerous situations [5, 6]. Various activities are identified as distracted behaviors, such
as cell phone use and texting, eating, talking to other passengers, or adjusting the vehicular
equipment while driving [2].
Executive functions are defined as goal-directed behaviors and are considered as a crucial
attribute explaining behavioral differences among drivers [7]. Multiple aspects of executive
functions, including inhibitory control, cognitive flexibility, and working memory, have been
identified as neurocognitive skills related to the prefrontal cortex, and are typically assessed via
behavioral indexes [8]. They play distinctive roles in the selection and allocation of attention
resources and consist of a list of cognitive processes by which an individual exerts conscious
control over their thoughts and actions [9]. Several researchers have attempted to link specific
executive functions to self-regulation, and have suggested that temporary reductions in executive functions underlay successful self-regulation and its failure in tempting environments
[10]. Many of the situational factors identified in previous studies were found to temporarily
impair both self-regulation and executive functions, including alcohol intoxication [11], environmental stressors [12], and cognitive load [13]. Correspondingly, when linking these situational factors to driving, many scholars in driving research have attempted to explain risky
driving behavior from the perspective of poor executive functions. Especially for young drivers, due to poor executive functions, young drivers were found to engage in high speed and
large lane deviation on a driving simulator [14–17]. Additionally, findings from the study of
Ross et al. demonstrated that two aspects of executive function, response inhibition and verbal
working memory, were negatively associated with the standard deviation of the lateral lane
position [18]. Response inhibition was also negatively related to the response to road hazards
in young novice drivers. Mäntylä et al. concluded that only working memory capacity could
significantly predict individual variability in lateral deviation in the lane change task for teenage novice drivers [8]. Zhang et al. found that cognitive factors (working memory capacity and
response inhibition capacity) and situational factors (time pressure) had almost equal effects
on responses to critical events in a simulated driving study [19].
There are also several studies conducted in other aged populations. For example, Tabibi
et al. investigated three components of executive function: working memory, sustained attention, and behavioral inhibition, to explain aberrant driving behavior, driving errors, driving
violations, and crashes, with the age of participants ranging from 19–49 years [20]. The results
revealed inhibitory control related to aberrant driving behavior and crashes. Another study by
Starkey and Isler investigated the role of executive function in explaining driving behavior in
adolescent (16–18 years) and adult (25 years and over) male drivers, finding that greater working memory was associated with higher levels of self-reported risky driving and more accepting attitudes to risky driving [21]. Ledger et al. explored the relationship between cognitive
functions and driving performance in younger and older drivers, obtaining a similar model
for cognitive function and driving performance in both population groups [22].
As a special driving behavior, distracted driving has also been the focus of studies regarding
individual executive function differences. For example, Hayashi et al. investigated the relationship between executive functions and texting while driving in college students, Texting while
driving was found to be strongly correlated with a low level of impulse control [23]. A study by
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Louie and Mouloua found that higher working memory capacity could improve the distracted
driving performance of undergraduate students [24]. These studies mainly focused on younger
population, as they still developed for executive functions until the age of 25 [9]. In addition,
Pope et al. investigated the relationship between age, executive function, and self-reported distracted driving behaviors. The results revealed that global executive difficulty was significantly
related to distracted driving behaviors, and the relationship between age and distracted driving
behavior was partially mediated by global executive difficulty [25]. Previous studies have suggested risky behaviors, such as the willingness to engage in distracted driving, are dependent
on the balance between cognitive control and socioemotional systems. The cognitive control
system consists of multiple executive functions, such as planning, working memory, and
impulse control, which enables the prevention of risky behavior and adaptation to task goals.
Socioemotional systems are involved in response to emotions, thrills, social cues, and environmental sensations, which can lead to risk-taking [26, 27]. This suggests that mature drivers (25
years old and over) may also need to employ the cognitive control system to withstand willingness to engage in distracted driving as young drivers (below 25 years old) do. However, it is
not clear whether the role of specific executive functions differ considerably in different age
groups.
Therefore, further research is required to analyze the effect of executive function on distracted driving behaviors in young and mature drivers. In the present study, the correlations
between executive functions and distracted driving behaviors are re-examined in different
aged populations. Executive Function Index (EFI) has been developed to assess the level of
executive functions in a normal population and verified as highly effective in the study of driving behaviors [28, 29], and is used in this study. A distracted driving questionnaire, including
various distracted behaviors in daily life, is applied for the assessment of distracted driving
behaviors [30]. Furthermore, according to the results of previous research, two hypotheses are
proposed. The first is that mature drivers perform better in executive functions and distracted
driving behavior than young drivers. The second is that the effect of executive functions on
distracted driving behavior is comparable for young and mature drivers.

2. Material and methods
2.1. Participants
A total of 151 participants with a valid driving license and at least two years of driving experience were recruited by sampling from a volunteer database of the key laboratory of the Ministry of Transport of China at Chang’an University. All subjects had driven almost every day in
the last 12 months. Thirteen participants were excluded due to incomplete questionnaires, and
the data of the remaining 138 participants (70 male and 68 female, 18–65 years old) were analyzed. The ethical protocol of the present study was approved by the Institutional Review
Board at Chang’an University.

2.2. Procedure
Sessions were conducted in the lab. After providing written informed consent, all recruited
participants were explicitly informed to complete a questionnaire that involved demographic
information, executive function, and driving behaviors. The questionnaires took approximately 30 min to complete, and all participants were monetarily reimbursed for their completion of the study.
2.2.1. Demographic and driving-related questionnaires. Participants completed a basic
demographic questionnaire that included questions about age, gender, and driving years. They
then completed a driving questionnaire, which included nine questions related to the
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participant’s distracted behaviors while driving, such as drinking, eating, cell phone use, being
lost in thought, and texting [30]. Participants were instructed to report the frequency in which
they engaged in each behavior over the course of one week, and the questions were presented
using the following format as an example “how many times did you use a hand-free phone to
talk while driving in the last week?”. A composite score was obtained by summing the number
of all distracted behaviors [25]. The internal consistency of driving questionnaire was determined as acceptable (Cronbach’s alpha = 0.82).
2.2.2. Executive function index. Individual executive function was assessed according to
EFI [28], which is a self-reported measure with 27 questions on real-world behavioral disruptions that uses a five-point Likert scale ranging from 1 (never) to 5 (always). The EFI questionnaire is comprised of five subcategories, namely motivational drive (MD), organization
(ORG), strategic planning (SP), impulse control (IC), and empathy (EM). Different questions
could represent one of the five aspects of executive function, such as the use of “Interested in
new things” to reflect the domain of motivational drive, “Save money regularly” to reflect the
domain of organization, “Anticipate consequences of actions” to reflect the domain of strategic
planning, “Lose my temper when upset” to reflect the domain of impulse control, and “Concern for others” to reflect the domain of empathy. Several negatively-worded items were
inverted, and the five composite scores were summed together to obtain the total EFI score,
indicating the level of executive function [23]. The internal consistency of the total EFI score
was acceptable in this study (Cronbach’s alpha = 0.80) according to the conclusion of the previous studies [31, 32].

2.3. Data analysis
In the present study, a composite score of distracted driving behavior was investigated as a
dependent variable. Similar to previous studies, to examine the differences between two age
groups, all participants were classified into a young group (younger than 25 years) or mature
group (25 years and above) [33]. About 50.7% of the participants were classified as the young
group and the remaining 49.3% as the mature group. No significant age differences were
found between male and female participants (F(1, 136) = 1.337, p = 0.250). First, independent
sample t-tests were conducted for five executive functions and distracted driving variables to
examine any differences between the young and mature groups. Second, to compare and
determine the differences between younger and older drivers, correlation tests between each
executive function score and distracted driving behavior were performed. The correlation
coefficients were calculated separately for young drivers and mature drivers, then a z-score of
the comparisons between age groups was calculated to identify the statistical difference of the
correlation coefficients [22]. Finally, to further determine the relative contributions of age,
gender, and the five executive functions on distracted driving behaviors, multiple hierarchical
regression modeling was carried out using a forward step-wise strategy. The computer software SPSS 22.0 was used in the present study.

3. Results
3.1. Comparison of young and mature drivers for executive functions and
distracted driving
Results of independent sample t-tests for major variables are presented in Table 1, revealing
that mature drivers had significantly higher IC (p = 0.004) and EFI (p = 0.049) scores than
younger drivers. A significant age difference was also found in driving performance, with
mature drivers performing better on the measure of distracted driving behavior (p = 0.030)
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Table 1. Independent samples t-tests by the variable of age.
Variables

Young
Mean

Mature
Std.

Mean

Std.

T

Sig.

1. EM

22.60

3.976

23.53

3.462

-1.463

0.146

2. ORG

17.86

3.657

17.97

3.434

-0.188

0.851

3. SP

20.81

2.024

20.59

2.261

0.619

0.537

4. IC

21.56

3.412

23.16

2.920

-2.964

0.004

5. MD

14.41

3.903

15.29

4.832

-1.178

0.241

6. EFI

97.24

9.204

100.54

10.306

-1.986

0.049

7. Distracted driving

26.21

12.993

21.81

10.517

2.186

0.030

NOTE. Significant effects are shown in bold.
https://doi.org/10.1371/journal.pone.0239596.t001

than young drivers. The score of EFI total and distracted driving behavior for young and
mature groups is provided in Fig 1.

3.2. Association of executive functions with distracted driving for young
and mature drivers
Partial correlation analysis was conducted between each executive function variable and distracted driving behavior while controlling the variables of age and gender (see Table 2). For
young drivers, distracted driving behavior was significantly negatively correlated with scores
of MD (r = -0.469, p < 0.001) and EFI (r = -0.305, p < 0.05), and a marginally significant correlation was found between distracted driving behavior and the IC score. There was no significant relation between distracted driving behavior and other executive function variables, such
as EM, ORG, and SP. For mature drivers, distracted driving behavior was significantly negatively correlated with scores of IC (r = -0.274, p < 0.05), MD (r = -0.395, p < 0.01), and EFI (r
= -0.262, p < 0.05), while no significant correlation was found between distracted driving
behavior and EM, ORG, or SP.

3.3. Comparison of the correlations
To compare the relationships between each executive function variable and distracted driving
behavior, the z-score of the correlation coefficient comparisons between young and mature
groups was calculated, as shown in Table 3. The results revealed the z-scores of these comparisons were less than 1.96 and greater than -1.96 (p > 0.05), suggesting that the relationship
between distracted driving behavior and executive functions did not significantly differ
between young and mature drivers.

3.4. Hierarchical regression modeling
To further determine the relative contributions of different predictors on distracted driving
behavior, a multiple hierarchical regression model (full model) and a forward step-wise regression model (final model) were performed, full model is with all predictors, and final model is
only with the predictors of a significance level less than 0.05. Tables 4 and 5 summarize the
regression models for predicting distracted driving behavior.
As seen in Table 4, the full hierarchical regression model among young drivers was found
to be significant, F(5, 64) = 6.466, p < 0.001, and accounted for 33.6% of the total variance.
The full model revealed that IC (p = 0.045) and MD (p < 0.001) significantly contributed to
the predictive model, and the negative coefficients of IC (-0.245) and MD (-0.344) suggested
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Fig 1. The score of EFI total and distracted driving behavior by age groups (error bars indicate the standard
error).
https://doi.org/10.1371/journal.pone.0239596.g001

that the frequency of distracted driving behavior increased as the score of IC or MD decreased.
Other predictors, including EM, ORG, and SP, were not found to be significant in the full
model. The final model revealed the relative contribution of significant predictors on the distracted driving behavior of young drivers. MD significantly contributed to the model at step
one, F(1, 68) = 17.205, p < 0.001, accounting for 20.2% of the total variance. The introduction
of the IC variable in step two significantly improved the model, F-change(2, 67) = 8.422,
p = 0.005, accounting for 8.1% of the total variance. Together, this model was found to be significant, F(2, 67) = 13.752, p < 0.001, and accounts for 29.1% of the total variance.
As seen in Table 5, the full hierarchical regression model among mature drivers was also
found to be significant, F(5, 62) = 4.368, p = 0.002, accounting for 26.0% of the total variance.
The full model revealed that IC (p = 0.031) and MD (p = 0.002) significantly contributed to the
predictive model, the negative coefficients of IC (-0.272) and MD (-0.391) suggested that the
frequency of distracted driving behavior increased as the score of IC or MD decreased. Other
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Table 2. Partial correlations among major variables.
Variables

1

2

3

4

5

6

7

Young drivers

-0.305�

-0.135

0.140

Mature drivers

-0.262�

-0.042

0.094

-0.037

-0.235

-0.469���

-0.078

-0.274�

-0.395��

0.711���
���

0.620���

0.527���

0.520���

0.273�

���

���

���

1. Distracted driving

2. EFI
Young drivers
Mature drivers

0.688

0.607

0.659

0.568

0.553���

3. EM
Young drivers

0.497���

0.098

0.239

-0.108

Mature drivers

0.481���

0.216

0.200

0.182

0.336��

-0.015

-0.176

���

0.180

-0.125

Young drivers

0.377��

-0.044

Mature drivers

0.425���

0.134

4. ORG
Young drivers
Mature drivers

0.543

5. SP

6. IC
Young drivers

-0.093

Mature drivers

0.129

7. MD
NOTE.
p < 0.05.

�

��

p < 0.01.

���

p < 0.001

https://doi.org/10.1371/journal.pone.0239596.t002

predictors, including EM, ORG, and SP, were not found to be significant in the full model.
The final model revealed the relative contribution of significant predictors on the distracted
driving behavior of mature drivers, MD did significantly contributed to the model at step one,
F(1, 66) = 15.745, p < 0.001, accounting for 19.3% of the total variance. The introduction of
the IC variable in step two significantly improved the model, F-change (2, 65) = 4.819,
p = 0.032, accounting for 5.6% of the total variance. Together, this model was found to be significant, F(2, 65) = 10.738, p < 0.001, and accounts for 24.8% of the total variance.

4. Discussion
The current study aimed to explore and compare the behavioral and cognitive processes
underlying distracted driving behaviors in young and mature drivers. Five subcategories of
executive function, including motivational drive, organization, strategic planning, impulse
control, and empathy, were investigated as independent variables, and distracted driving
behaviors were investigated as dependent variables. The first hypothesis regarding mature
drivers performing better in executive functions and distracted driving behavior than young
drivers was partly supported. In particular, mature drivers had significantly higher IC and EFI
Table 3. Comparison of independent correlation coefficient (z-score).
Variables
Distracted driving

EFI

EM

ORG

SP

IC

MD

1.226

-0.377

-0.401

0.412

1.377

1.891

https://doi.org/10.1371/journal.pone.0239596.t003
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Table 4. Multiple regression models among young drivers.
Full model
Predictor
MD

Beta

Final Model

R2

Sig.

0.336

0.000

Beta

ΔR2

R2
0.291

Sig.
0.000

-0.344

0.000

-0.471

0.202

0.000

-0.299

0.089

0.005

IC

-0.245

0.045

EM

-0.231

0.073

ORG

0.186

0.169

SP

0.019

0.879

NOTE. R2 = explained variance, ΔR2 = increased explained variance, Sig. = Significance level.
Significant effects are shown in bold.
https://doi.org/10.1371/journal.pone.0239596.t004

scores than young drivers, and a notable age difference was also found in the measure of distracted driving behavior. The results of our study also supported the second hypothesis that
the effect of executive functions on distracted driving behavior would be comparable for both
age groups, with an insignificant z-score of the correlation coefficient comparisons between
young and mature groups. Furthermore, the relative influence of specific executive function
on distracted driving behavior was found to be significantly different, IC and MD contributed
more to distracted driving behavior than others in the hierarchical regression models.
This study examined the differences between young and mature groups in executive functions and distracted driving behaviors. Evidence was found that there were significant differences in impulse control and distracted driving behaviors. In the majority of cases, mature
drivers displayed better performances in executive functions and distracted driving behaviors
than young drivers. This provides evidence to suggest that, as executive functions are still
developing for young people, they fail to adapt their behaviors to a task goal in tempting environments [10, 34]. For example, texting while driving is particularly pervasive among young
drivers. Many drivers still engage in texting while driving, even though they are aware of its
negative consequences [35]. Based on the results of this study, poor impulse control is an
important influence in this decision-making process.
To compare young and mature drivers, partial correlation analysis between each of executive function variables and distracted driving behavior was conducted, with a significant relationship between EFI and distracted driving behavior found in both young and mature
drivers. Specifically, the relationship suggested that for both age groups, as motivational drive
worsened, so too did the measure of distracted driving behavior. The relationship between
Table 5. Multiple regression models among mature drivers.
Full model
Predictor

Beta

Final Model

R2

Sig.

0.260

0.002

Beta

R2

ΔR2

0.248

Sig.
0.000

MD

-0.391

0.002

-0.402

0.193

0.000

IC

-0.272

0.031

-0.239

0.056

0.032

ORG

0.085

0.588

SP

0.036

0.808

EM

0.013

0.924

2

2

NOTE. R = explained variance, ΔR = increased explained variance, Sig. = Significance level.
Significant effects are shown in bold.
https://doi.org/10.1371/journal.pone.0239596.t005
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impulse control and distracted driving behavior for mature drivers was found to be significant,
but it did not exist for young drivers. These results were consistent with previous studies that
found a significant correlation between executive function difficulty and distracted driving in
all ages [25]. Furthermore, the z-scores of the correlation coefficient comparison between the
two groups were calculated, with all pairs being found to differ insignificantly. This finding
supports the conclusion that the effect of executive functions on distracted driving behavior is
comparable for both age groups, and that similar behavioral and cognitive processes are
involved in distracted driving behavior of young and mature drivers. This also suggests that a
similar intervention strategy may be useful for both young and mature drivers to reduce distracted driving behaviors.
The conclusions of previous studies were also replicated in this research by illustrating the
significant effect of executive function measured by the EFI score on distracted driving behaviors [23, 36]. Moreover, separate assessments of different executive functions can lead to further understanding of the differences between young and mature drivers. Previous studies
found that distracted driving behavior (texting while driving) was only significantly correlated
with impulse control in young drivers [36]. The findings of our study revealed that both
impulse control and motivational drive contributed to distracted driving behaviors. This
inconsistent conclusion can be attributed to differences in the measurement of distracted driving behaviors. In this study, we adopted more distracted behaviors in daily life, rather than one
distracted behavior as an indicator. This result is interesting because it suggests that distracted
driving is not only a form of impulsive behavior due to a lack of inhibitory control but also a
joint function of inhibitory control and motivational drive. Motivational drive is identified as
behavioral drive or interest in novelty, individuals with lower levels of motivational drive show
more apathy or no interest in the primary driving task [28]. Furthermore, as orbitofrontal circuits mediate self-inhibition, whereas medial prefrontal circuits mediate motivational aspects
of behavior [37], the findings possibly indicate that a driver’s willingness to engage in distracted behaviors is regulated by multiple parts of the brain, and individuals with less inhibitory control or motivational control are more likely to engage in distracted driving behaviors.
Several limitations of the present study should be noted. First, the sample size was relatively
small, and a larger sample of drivers is needed to further test the external validity of the present
findings. Second, due to the inherent drawback of self-reported measures, the accuracy of measures of executive functions and distracted driving depends on the drivers’ self-evaluation of
their own behavior over time. Performance-based methods, such as operation span and go/
no-go tasks, should be employed to assess executive functions in subsequent research. Furthermore, using observational data of distracted behaviors in real-world driving to assess distracted
driving also warrants further investigation. Third, as the current research only focuses on sample participants aged 18–65 years old, the generalizability of the findings is limited to an older
group over 65 years old. It would be interesting to determine whether the relationships
between executive functions and distracted driving apply to older drivers in future studies.

5. Conclusion
Executive functions may be important predictors of many real-world behaviors. This study
explored and compared the roles of executive functions in distracted driving in young and
mature drivers. The results revealed that specific executive function has differentiated links
with distracted driving behaviors as motivational drive and impulse control contribute more
to distracted driving behavior than other executive functions for both young and mature drivers. These findings provide a unique opportunity to target drivers who are more likely to
engage in distracted driving behaviors. The results also revealed that the relationships between
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distracted driving behavior and executive functions did not significantly differ between young
and mature drivers. This indicates that a similar intervention strategy may be useful for both
young and mature drivers to reduce distracted driving behaviors.
In summary, these findings may have two aspects of implication. Theoretically, using executive functions as individual characteristics, our study confirmed the generalizability and similarity of the effect of executive functions on distracted driving behaviors in both young and
mature adults. Practically, our findings can assist in the development of driver education and
accident prevention intervention. For instance, knowledge of the correlation between executive functions and distracted driving behaviors can be helpful in the screening of professional
drivers. It can also be used in the education and training of novice drivers. Further, the current
results can contribute to the development of ADAS, such as a vehicular warning system for
driver distractions. A vehicular warning system could warn drivers in a positive and friendly
way by considering the relationship between executive functions and distracted driving for
moderating negative aspects of poor executive functions in distracted driving.
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