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Abstract
Background: Hands-free cell phone conversation (HFCC) while driving is a common practice among drivers. Several studies have
revealed that HFCC, while driving, is no safer than hand-held cell phone conversations (HHCC). This study was conducted to explore
the influence of HFCC on the psychomotor performance of drivers.
Methods: In this quasi-experimental study, the participants were randomly allocated into 2 groups. Participants in group1 passed
the traffic psychological battery of the Vienna test system (VTS) once without being engaged in any phone conversation and again
while making a HFCC. The order of testing in the 2nd group was reversed. All participants shifted their group and passed the tests
in a reverse order after 7 to 10 days. The tests included peripheral perception, perceptual speed, general intelligence, visuomotor
coordination, and time anticipation. The mixed model analysis was used to assess the association of HFCC with every test.
Results: A total of 24 students, with a mean age of 27.1 ± 5.3 years, were included in the study. HFCC had a significant negative
influence on the overall mean duration (P value = 0.015), overall percent error duration (P value < 0.001) in visuomotor coordination
median deviation time (P value = 0.007) in time anticipation, divided attention in peripheral perception test (P value = 0.053), and
general intelligence (P value = 0.005). However, perceptual speed and field of vision did not reveal any significant association.
Conclusions: These findings provided further evidence of the adverse effects of HFCC during driving. Even though drivers can perceive an obstacle while talking on a hands-free cell phone, they are highly likely to react incorrectly due to impairment of visuomotor
coordination, time anticipation, divided attention, and fluid intelligence.
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1. Background
Nearly 85% of adults talk on their cell phones while
driving (1). Undoubtedly, one of the important causes of
road traffic accidents is using a cell phone while driving
(2, 3). For a sample of young drivers, who were involved
in an accident in Australia, New Zealand, and Colombia,
use of a cell phone was the most important predictor of
car crash, followed by driving under the influence of alcohol (4). The distracting effect of cell phone conversation on
driving and attention may even exceed the effect of other
dual tasks, such as listening, holding the phone, and repeating spoken words (5).
Using hands- free cell phone only removes manual distraction, however, cognitive distraction remains to be a

problem (6). Driver distraction is a growing problem in
traffic accidents (7) and diverts attention from tasks that
are critical for safe driving to a non-driving activity (8). Cell
phone conversation creates a form of inattention blindness, in which drivers become unsuccessful to notice information in visual sights (7).
Bans on HHCC have decreased this risky behavior for all
drivers in those states that have adopted such legislation
(9). When HHCC is banned, drivers tend to use Hands-Free
Cell Phone (HFC) (10). In a study done in the Netherlands,
2% of drivers reported using Hand-Held Cell Phone (HHC)
vs. 14% who reported using HFC while driving (11). In London, 2.8% of car drivers used HHC vs. 4.8% who used HFC
(12).
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The use of a hands-free cell phone during driving adversely affects acceleration, lane deviation, reaction time,
and accuracy (13). In addition, it causes extended braking
time, a smaller amount of time on the target speed (14).
Driving is a complex performance that requires adequate visual, cognitive, and motor skills. Thus, it is highly
important that drivers have sufficient attention, reaction
time, executive function, visual, and physical function (15).
Currently, the laws related to cell phone use while driving varies from total ban (e.g., in Japan) to prohibition of
hand-held cell phone use in several countries. The diversity
of the laws indicate the absence of a common understanding about the influence of cell phone use on driving safely
(16). Therefore, the present study aimed at further exploring the ways HFCC affects driving performance. We particularly aimed at clarifying the effects of HFCC on peripheral
perception, eye-hand coordination, perceptual speed, general intelligence, and time anticipation abilities of drivers.
2. Methods
2.1. Participants
A total of 24 volunteer students from Tehran University
of Medical Sciences, aged 20 to 39 years, were included in
the study. Inclusion criteria were having a driver’s license
and a driving experience of more than 1 year.
2.2. Ethical Approval
The research project was approved by the research
ethics committee of Tehran University of Medical Sciences
(reference: IR TUMS.REC.2015.1984-7/12/2015). All the participants signed an informed consent form. To motivate
the participants, they were offered a cash reward based on
their test results, which did not exceed $14 per session. At
the end of the 3rd session, the reward was paid.
2.3. Procedure and Study Tools
This was a prospective crossover quasi-experimental
study administered over 3 days during 2016. The participants were briefed about the traffic psychological battery
of VTS including cell phone conversation the day before the
actual test day.
Participants were randomly divided into 2 groups. In
the first trial, those in group 1 took the 5 VTS tests while talking on a cell phone via a simulated hands-free system. After a 60-minute rest, they repeated the same tests without
making any phone conversation. Participants in group 2
took the tests in a reverse order, i.e., they did the 1st round
of tests without making any phone conversation and the
2nd round with a phone conversation (the 2nd day). In the
2nd trial, all participants shifted to the other group and
2

passed the tests again after 7 to 10 days (the 3rd day). Figure 1 demonstrates the study design.
During the administration of the tests, while making a
phone conversation, an observer sat to the left of the participant and broadcasted the questions that had been previously recorded.
VTS traffic psychological test battery was used to measure the psychomotor performance of driving. Drivers are
required by law to pass these tests in case of involvement
in serious traffic violations and accidents in 25 countries
worldwide (17). The validity and reliability of these tests
have been approved in previous studies (18, 19). In our
study, 5 tests were used as follow:
Two-hand coordination (2 HAND, S3): This test assesses
visuomotor coordination. The main variables are overall
percent error duration and overall mean duration points.
Low score indicates a better performance.
Time-movement anticipation (ZBA, S4): This test measures the participant’s ability to estimate the speed and
movement of an item in space. The square root of median
deviation time is the main variable of this test, and a low
score reflects a better performance.
Peripheral perception (PP): This test evaluates peripheral perception. The main variables of this test are field of
vision and tracking deviation (divided attention). A high
score in visual fields and a low score in tracking deviation
indicate better performance.
Adaptive matrices test (AMT, S11): This test measures
general intelligences. High score indicates better performance.
Adaptive tachistoscopic traffic perception test (ATAVT,
S1): This test measures visual observational ability and perceptual speed. High score reflects better performance.
Hands-Free cell phone conversation task: Conversation dialogs were translated and modified from the Rosenbaum verbal cognitive test battery, created by Gail Rosenbaum. It was neutral and included solving a puzzle (e.g. If
you see a picture with a circle to the left of a square but on
top of a cross, is the cross a. above the square? b. to the
left of the circle? c. below the circle?), repeating a sentence
(e.g. The students needed to complete chapters nine and 11
and answer the question on page 20), and talking on a special topic (monologue) (e.g. Describe your last trip) (17).
2.4. Statistical Analysis
The tests were repeated 4 times, and we obtained 4
records of tests for each participant, with 2 tests while making a phone conversation and 2 with no phone conversation.
The mixed model analysis was used to look into the
association between different VTS tests (as the dependent
variable) and the simulated cell phone conversation (as
Arch Neurosci. 2018; 5(2):e64886.
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Figure 1. The Cross Over Study Design

the independent variable). The effect of the learning curve
(due to the repetition of testing) was controlled by including it in the model. All statistical analyses were performed
using IBM SPSS statistics software Version 21. Significance
level was set at 0.05.

3. Results
In this study, 12 male and 12 female students with the
mean age of 26.3 ± 4.6 and 27.9 ± 5.7, respectively, were
included. No statistically significant differences were observed in the age of male and female participants (P >
0.05). All participants had cell phones and used them at
least once during the preceding year while driving, 3 participants (12.5%) felt that the simulated conversation added
little difficulty to the VTS tests, and 5 (20.8%) found it very
difficult to cope with the tests while talking on their cell
phones.
In Table 1, the results of driving related psychomotor
performance tests (Mean ± SD of score) with and without
HFCC in the 1st and 2nd trials of the study are reported.
In Table 2, the associations between 5 driving related
psychomotor performance tests and cell phone conversation based on mixed model analysis is presented. As
demonstrated in this Table, the values of overall mean duration in the 2-hand coordination test and general intelligence as measured in the AMT test were significantly impaired during the phone conversation (P < 0.05).
Arch Neurosci. 2018; 5(2):e64886.

The overall percent error duration in the 2 hand test
and median deviation time in the ZBA test significantly
increased during the cell phone conversation (P < 0.01).
Also, tracking deviation (divided attention), as measured
in the peripheral perception test, significantly increased
during the cell phone conversation (P value = 0.053). The
measures of “field of vision” in peripheral perception test
and “overview”, in ATAVT test, did not show any significant
changes during cell phone conversation.

4. Discussion
In this study, we aimed at exploring how hands-free
cell phone conversation (HFCC) could affect driving performance. Our findings revealed that HFCC, while driving,
could cause distraction and impair psychomotor ability of
the drivers with respect to visuomotor coordination, time
anticipation, general intelligence, and divided attention.
Driver distraction includes visual, auditory, biomechanical, and cognitive distraction. Using HFC to converse
during driving could resolve biomechanical distraction, as
it happens when a driver is holding a phone, however, cognitive distraction occurs as soon as the attention of the
driver deviates toward something not associated with driving (18). It turns the driver’s attention away from the visual
sight; thus, not all the information the driver observes is
processed (7).
In line with our results, it has been reported that use
of mobile phones while driving affects eye-hand coordina3
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Table 1. The Results of Psychomotor Ability of Driving Tests According to the Order of Testing and the Hands Free Cell-Phone Conversation (Mean ± SD)

Variables

Unit

1st Trial

2nd Trial

With Conversation

Without Conversation

With Conversation

Without Conversation

Second

26.05 ± 8.85

25.39 ± 7.95

23.55 ± 8.72

28.86 ± 11.76

-

1.31 ± 1.04

0.54 ± 0.63

1.52 ± 1.55

0.90 ± 0.89

Median deviation time

Second

0.74 ± 0.40

0.60 ± 0.39

0.76 ± 0.28

0.62 ± 0.33

Field of vision

Degree

181.90 ± 9.44

181.83 ± 7.30

181.06 ± 10.63

180.29 ± 11.31

Tracking deviation

-

5.62 ± 0.93

5.51 ± 0.74

5.96 ± 1.05

5.83 ± 1.08

General intelligence

-

0.11 ± 1.20

0.64 ± 1.09

0.38 ± 1.08

0.66 ± 1.07

Overview

-

11.54 ± 2.38

12.50 ± 3.75

11.87 ± 2.38

12.37 ± 3.02

TWO HANDS
Overall mean duration
Overall percent error duration
ZBA

PP

AMT

ATAVT

tion and interferes with driving (19). In addition, HFCC has
a negative effect on peripheral detection, which could be
aggravated as a function of the complexity of conversation
(20). Those drivers, who attempt to cope with increased
cognitive loads, try to concentrate on the central area of
the road, which leads to delayed reaction times to a peripheral traffic event (21).
In a study by Liu et al., better performance in divided
attention and precision has been reported in no conversation compared to calling situations (13).

We observed a significant decrease in general intelligence during HFCC. Fluid intelligence is a cognition ability
that is related to controlled attention, especially in the exposure to interference and distraction (27). A study among
113 drivers showed that drivers with low intelligence scores
were involved in more accidents at intersections and received a disproportionate number of speeding tickets (28).
Drivers with lower intelligence scores may be less competent to recognize the risks and may sometimes take those
risks that intelligent people would usually avoid (29).

Many studies on driver distraction refer to excessive
mental workload and limited attention resources. Mental workload is the mental resources or information processing capability dedicated to a task (22). Some may consider distraction to be interruptions or failure in the procedure of attending (23). Driving is a task in which the
driver has to attend 2 or more tasks simultaneously (i.e.,
divided attention). Since human attention resources are
finite, some channels are filtered to prevent loss of driving performance. However, a total degradation in driving
performance could occur in case of excessive workload.
Driving requires constant response to spatial and sequential data from the environment while coordinating head,
hand, and foot movements (24).

We also detected an association between HFCC and divided attention performance. In a divided attention task,
the individual is requested to display 2 or more concurrent
procedures and to appropriately reply to particular stimuli (30). During a cell phone conversation, a driver is distracted cognitively and must divide his/her attention between the conversation and tasks of driving (31).

We also observed that the ability of drivers to quickly
evaluate the position and direction of an object in space
was affected by HFCC. Anticipation ability in driving means
predicting the activities of other road users, and taking
into account the natural and environmental road conditions (25). It is the most significant predictor of the tendency to negotiate hazards in traffic conditions (26).

Most modern vehicles are equipped with HFCC facilities, which make it easy to talk on the cell phone while driving, and making it difficult to detect this practice for authorities. This may indicate that HFCC is safe enough and
it is acceptable to converse while driving if one uses handsfree equipment. However, there is increasing evidence in
the literature on the risks of HFCC. Banning HFC use has

4

We did not detect an association among perceptual
speed, field of vision, and HFCC. Perceptual speed is defined as the capacity to select details quickly in a distracting perceptual environment and distinguish them from
inappropriate material (32). Maples et al., demonstrated
that although cognitive tasks, such as HFCC, do not divert
eyes from the road, they do decrease the field of vision (33).
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Table 2. Association of Psychomotor Ability Of Driving with Hands Free Cell-Phone Conversation, Controlling for the Effect of Order of testing and Gender in Mixed Model
Analysis

Test

Dependent Variable

Overall mean duration (second)

2HAND coordination

Overall percent error duration
(Second)

ZBA (Time anticipation)

Median deviation time (second)

Field of vision

PP (Peripheral Perception)

Tracking deviation

AMT

ATAVT (Perceptual speed)

General intelligence

Overview

not been successful in many countries, especially developing nations. However, regulations on HFCC seem to be necessary as a safety measure to drivers and to save the lives
of other road users. These bans are only effective if most of
the driving population voluntarily adhere to them, as the
police simply cannot enforce this law on every occasion.
Strengths: As this study was self-controlled and conducted in a semi-experimental setting, we are confident
about the reliability of the findings. The measurements
were done using VTS, which is an objective and reliable
instrument to assess the psychomotor performance of
drivers.
Arch Neurosci. 2018; 5(2):e64886.

Independent Variables

Estimates (95% CI)

P Value

Intercept

22.84 (18.36 - 27.32)

< 0.001

Conversation (No vs. Yes)

2.30 (0.48 - 4.12)

0.015

Gender (male vs. female)

0.64 (-5.55 - 6.82)

0.833

Order of testing (1st vs. 2nd)

2.87 (1.20 - 4.55)

0.002

Intercept

1.23 (0.69 - 1.78)

< 0.001

Conversation (No vs. Yes)

-0.68 (-1.02 - -0.34)

< 0.001

Gender (male vs. female)

0.05 (-0.41 - 0.50)

0.834

Order of testing (1st vs. 2nd)

0.16 (-0.13 - 0.44)

0.265

Intercept

0.80 (0.64 - 095)

< 0.001

Conversation (No vs. Yes)

-0.14 (-0.24 - -0.04)

0.007

Gender (male vs. female)

-0.09 (-0.30 - 0.13)

0.414

Order of testing (1st vs. 2nd)

0.004 (-0.07 - 0.08)

0.919

Intercept

185.05 (180.49 - 189.61)

< 0.001

Conversation (No vs. Yes)

-0.50 (-2.70 - 1.70)

0.643

Gender (male vs. female)

-5.23 (-11.02 - 0.56)

0.074

Order of testing (1st vs. 2nd)

-0.27 (-2.56 - 2.02)

0.810

Intercept

5.52 (5.06 - 5.99)

<0.001

Conversation (No vs. Yes)

-0.17 (-0.35 - 0.003)

0.053

Gender (male vs. female)

0.17 (-0.45 - 0.79)

0.574

Order of testing (1st vs. 2nd)

0.01 (-0.20 - 0.22)

0.907

Intercept

0.08 (-0.49 - 0.65)

0.764

Conversation (No vs. Yes)

0.44 (0.15 - 0.74)

0.005

Gender (male vs. female)

0.47 (-0.26 - 1.20)

0.199

Order of testing (1st vs. 2nd)

-0.15 (-0.42 - 0.12)

0.258

Intercept

11.30 (10.31 - 12.30)

< 0.001

Conversation (No vs. Yes)

0.76 (-0.44 - 1.95)

0.205

Gender (male vs. female)

1.02 (-0.30 - 2.33)

0.123

Order of testing (1st vs. 2nd)

-0.22 (-1.14 - 0.69)

0.621

Limitations: we only considered conversation via
hands-free cell phone while driving and other forms of cell
phone related distractions, such as making a call have not
been considered. Moreover the generalization of the results may be limited due to the fact that only 20 to 39 years
old university students participated in this study, and selecting different groups of drivers for future studies is recommended.
4.1. Conclusions
Hands-free cell phone conversation impairs driving
performance and is not safe during driving. In this process,
5

Sadeghian F et al.

the driver’s visuomotor coordination, time anticipation,
divided attention, and general intelligence are most likely
to be adversely affected by HFCC, however, field of vision
and perceptual speed may not be remarkably altered by
HFCC. Therefore, even though drivers could perceive an obstacle while conversing on a hands-free phone, it is highly
likely that they react inappropriately due to impairment
of visuomotor coordination, time anticipation, divided attention, and fluid intelligence.
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