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Abstract

Background: Background: Conversation over the cell phone while driving is a known risk factor for road traffic crash. Using hands-
free to talk on the cell phone may remove visual and manual distraction yet not the cognitive distraction.
Objectives: The purpose of this study was to better understand the mechanisms of cognitive distraction due to hands-free cell
phone conversation (HFPC) while driving.
Methods: Twelve male and 12 female University students in Tehran, Iran, were selected via the consecutive convenient sampling
method, and randomly assigned to one of the following administrations of cross-over quasi-experimental study design, during year
2016: Administration 1, participants performed the tests while involved in HFPC, took rest for 60 minute, and then performed the
tests another time without HFPC; Administration 2, participants performed the tests without HFPC, took rest, and then performed
the tests another time with HFPC. Each participant moved to the other administration after 7 to 10 days. The Vienna test system (VTS)
was used to measure simple and choice reaction time, selective attention, visual orientation, and visual memory. Linear regression
analysis was used to study the change in test scores due to HFPC.
Results: The mean age of participants was 27.1± 5.3 years. A history of road traffic crash (regardless of severity) was reported among
9 (37.5%) participants in the previous year. Hands-free cell phone conversation while driving was directly associated with mean time
correct rejection score (P < 0.01) (selective attention), omitted response (P < 0.01) and median reaction time (P < 0.01) (choice
reaction time), and mean reaction time (P < 0.01) (Simple reaction time). Moreover, HPFC was inversely associated with sum hits (P
= 0.05) (selective attention), incorrect (P < 0.02) and correct response (P < 0.01) (choice reaction time), score based on viewing and
working time (P < 0. 01) (visual orientation), and visual memory performance (P < 0.01).
Conclusions: Using hands-free devices to converse during driving, impaired reaction time, selective attention, visual orientation
and visual memory, which are essential for safe driving. Thus, the use of these devices does not preclude cognitive distraction and
should be restricted.
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1. Background

Road traffic crash (RTC) is the first cause of injury and
the second leading cause of death in Iran in youth (1). Driv-
ing is a complex procedure of visual, manual, cognitive,
and auditory tasks (2). Driver distraction from in-vehicle
dual tasks, especially conversing on a cell phone (3, 4) is in-
creasingly documented as a major cause of injuries and fa-

talities (5), and considerable proportion of RTCs could be
attributed to this behavior (6, 7). In 2013, 21% of RTCs in
the US were related to conversations with cell phones while
driving, according to the national safety council (8).

A dose-response association between cell phone con-
versation frequency and incidence of RTC has been ob-
served in many countries around the world (9-12). A study
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indicated that driver’s conversations on the cell phone
within 10 minutes preceding the RTC, increases the risk of
crashing fourfold (13). Asbridge reported that talking on
the phone during driving could raise the odds of a culpa-
ble RTC by 70% (14).

Fifty countries, including Iran, have banned the use of
hand-held phones while driving (15). Laws that only ban
drivers from using hand-held devices resulted in a rapid
increase in hands-free cell phones conversation (HFPC) be-
cause it was assumed that HFPC is safe enough (16).

There are 3 sources for driving distraction due to sec-
ondary tasks, including visual, manual, and cognitive dis-
traction (17). Hands-free cell phones conversation while
driving can remove visual and manual distraction but not
cognitive distraction. Cognitive distraction occurs when
attention is withdrawn from the information processing
that is needed for safe driving (17). Impairments of driv-
ing due to attention is linked to cognitive workload of in-
vehicle activities (4). A driver’s job is to lookout for risks, yet
this process cannot be completed when the brain is over-
loaded (17). Mental workload impairs the spatial gaze of fo-
cused attention and visual-detection in actual traffic situa-
tions. Moreover, it makes the driver spend less time check-
ing interior instruments and mirrors (18).

Previous studies have shown that HFPC could impair
reaction time similar to having blood alcohol concentra-
tion of at least 0.05% (19, 20). Other researches have indi-
cated that HFPC behind the wheel has a negative impact on
safe following distance from the car in front, glance length,
divided attention, eye movement, lane keeping, and num-
ber of missed events (17, 21).

It has been reported that 10% of Iranian drivers use
cell phones while driving, when they were observed on the
road. This is higher than the prevalence reported in Aus-
tralia, USA, and Canada (22).

This study was carried out to further understand the
cognitive distraction due to HFPC while driving. All the
measurements were done using the Vienna test system
(VTS), which is an objective and reliable tool to measure the
cognitive abilities of drivers (23, 24). This study measured
score changes of simple and choice reaction time, selective
attention, visual orientation, and visual memory as a result
of HFPC. To the best of the author’s knowledge, this is the
first study that has utilized an objective tool of traffic psy-
chology in this field in IRAN.

2. Methods

2.1. Participants

Twelve male and 12 female students of Tehran Univer-
sity of Medical Sciences (TUMS) in Tehran, Iran, aged 20 to

39 years participated in the study during year 2016. They
had drivers’ licenses and had been driving for at least one
year before being included in this study. The participants
were asked to abstain from coffee and sleeping pills during
the 24 hours before the experiment. The participants were
asked for their best attention and performance during the
test and were rewarded by cash payment that was pro-
portional to their performance and did not exceed 14 USD
per test. The study protocol was approved by the research
ethics committee of Tehran University of Medical Sciences
(reference number: IR TUMS.REC.2015.1984- 7/12/2015), and
written informed consent was obtained from all partici-
pants.

2.2. Data Collection Tools

Individual characteristics, history of RTC, and cell-
phone use habits were collected by a self-administered
questionnaire.

2.2.1. Computerized Traffic Psychological Test

Traffic psychological test battery of the Vienna test sys-
tem (VTS) was used to measure cognitive ability of driving.
Previous researches have shown that the test results con-
tribute significantly to the prediction of fitness to drive, in
a standardized driving test (23-26). The following five tests
of VTS were used in this study:

- Cognition test (COG) (S11 form): This test measures
selective attention and concentration by comparison of
one Figure with others concerning their congruence. The
main variables of this test in the present study were “sum
hits,” “sum correct rejections”, and “mean time correct re-
jections”. These 3 variables measure the precision of the
control of attention.

- Determination test (DT) (S1 form): This test measures
complex choice reaction time and stress tolerance. The
participant is needed to distinguish various colors and
sounds to select the connected reactions. The main vari-
ables in this test were “median reaction time”, “correct”,
“incorrect”, and “omitted” responses.

- Visual pursuit test (LVT) (S3 form): This test measures
visual orientation performance. The main variables of this
test were “score based on working times” and “score based
on viewing times”.

- Reaction test (RT) (S3 form): This test measures simple
reaction time with acoustic and optical stimuli (yellow and
red lights). This form of the test includes 2 variables. The
“mean reaction time” and “mean motor time”.

- Visual memory test (VISGED) (S11 form): This test evalu-
ates visual memory performance. The main variable of this
test is “visual memory performance”.
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2.2.2 Simulated Hands-Free Phone Conversations (HPFC)

The Rosenbaum verbal cognitive test battery was used
to simulate a phone conversation. The battery included
solving a puzzle, repeating a sentence, and talking on a spe-
cific topic (27). The participants were asked to answer the
prerecorded questions that were played section by section
using a speaker located on the left side of the participants
to simulate a phone conversation. The instructor moni-
tored the participants’ answers.

2.3. Study Design and Data Collection Procedures

The study was of cross over design. Each participant
was invited to practice with VTS one day before the trial.
Participants were then divided to 2 groups by random al-
location. In the first group, participants took the VTS tests
while HPFC (simulated). After completing the tests, they
took rest for 60 minutes and repeated the test without
HPFC. The order in the second group was the reverse.

The participants then crossed to the other group and
repeated the test in reverse order after 7 to 10 days. There-
fore, 4 records were obtained from each participant: two
while HPFC and two without HPFC. Figure 1 displays the
study design.

2.4. Statistical Analysis

The sample size was estimated using power analy-
sis and sample size software (Hintze, J. (2011). PASS 11.
NCSS, LLC. Kaysville, Utah, USA. www.ncss.com), module
for “Power Analysis of 2 × 2 Cross-Over Design for Testing
Equivalence”.

In a preliminary study, the mean reaction time of study
participants was 360 ± 38.2 milliseconds. The estimated
sample size to detect a 15% change in the reaction time with
a power of 90% in a cross-over design was 12. Therefore, 12
male and 12 female participants were included.

For univariate analysis, the student’s t test, χ2 or
Fisher’s exact test were used, as necessary. Continuous vari-
ables are presented as mean ± standard deviation (SD).

Linear regression analysis was utilized to examine the
association of VTS scores (dependent variables) with HPFC
and also the order of the test (as the independent vari-
ables). The clustered nature of the data was taken into
account using the “cluster” option. The normal distribu-
tion of the data was examined using the Kolmogorov- Si-
monov test, before the regression analysis. In case of devi-
ation from normal distribution, the relevant transforma-
tion was done and the transformed values were used in re-
gression analysis.

The effect modification role of gender was examined in
the regression analysis and if there was an effect modifica-
tion, the regression analysis was repeated for males and fe-
males separately.
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Figure 1. The Study Design

Data analysis was conducted using the SPSS software,
version 21 and STATA 13 SE. The level of significance was set
at P value ≤ 0.05.

3. Results

Twelve male and 12 female university students with
mean age of 27.1± 5.3 years were included in this study. In-
dividual characteristics of the study participants are pre-
sented in Table 1. They had been driving for 6.8 ± 4.7
years. Reading incoming text and answering incoming
calls while driving was reported among 15 (62.5%) and 18
(75.0%) of the participants, respectively. Nine individuals
(37.5%) reported RTC during the past year, regardless of
severity. Mean ± SD of subtest scores of VTS tests are pre-
sented in Table 2.

Regression analysis showed that after controlling the
effect of learning curve (the order of testing), HFPC was di-
rectly associated with the following subsets of VTS tests:
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Table 1. Characteristics, History of Road Traffic Collision and Cell-Phone Use Habits of Study Participantsa

Variables Gender P Value

Male Female

Age 26.3 ± 4.7 27.9 ± 5.9 P = 0.45b

The age at starting to drive 18.3 ± 2.7 22.3 ± 5.9 P = 0.04b

Number of RTC during past 12 months P = 1c

0 7 (58.3) 8 (66.7)

1 2 (16.7) 1 (8.3)

2 3 (25.0) 2 (16.7)

3 0 (0) 1 (8.3)

Answering incoming calls while driving P = 0.64c

No 2 (16.7) 4 (33.3)

Yes / maybe 10 (83.3) 8 (66.7)

Reading incoming text while driving P = 1c

No 4 (33.3) 5 (41.7)

Yes / maybe 8 (66.7) 7 (58.3)

Abbreviation: RTC, Road Traffic Collision.
aValues are expressed as No. (%).
bbased on Independent Sample T-Test.
cbased on chi 2 or Fisher exact test.

mean time correct rejection score (P < 0.01) (selective at-
tention test), omitted response (P < 0.01) and median reac-
tion time (P < 0.01) (choice reaction time test), and mean
reaction time (P < 0.01) (simple reaction time test). More-
over, HPFC was inversely associated with sum hits (P = 0.05)
(selective attention test), incorrect (P < 0.02) and correct
response (P < 0.01) (choice reaction time test), score based
on viewing and working time (P < 0.01) (visual orientation
test), and visual memory performance (P < 0.01) (visual
memory test) (Table 3).

There was evidence of effect modification of gender,
on the association between HPFC and some of the VTS sub-
tests. Table 4 shows the coefficients of HPFC among male
and female participants for this subset of VTS tests.

4. Discussion

The purpose of this study was to measure the associa-
tion of HFPC during driving with cognitive distraction. The
main outcome was that drivers’ cognitive abilities were
greatly associated with HFPC while driving. The findings
confirmed that people are likely to be less accurate and
rapid in the case of HFPC compared with the condition,
in which no conversation exists. This impairment was ob-
served in simple and choice reaction times, selective atten-
tion, visual orientation, and visual memory.

The impairment could be explained by multiple re-
source theory (MRT) of cognition (28). Based on the fact
that a limited set of resources are available for human men-
tal processing, the MRT asserts that humans merge differ-
ent kinds of cognitive resources, including attention, short
and long-term memory, reasoning and so on, to resolve
problems. In dual-task situations, 2 separate tasks were im-
plemented, making possible debate on how to solve each
one by essential cognitive resources. Shifting resources
from one task to another can improve the performance on
the second task (29, 30) and as the difficulty of one task in-
creases, the performance on the other declines (31).

The results revealed that simple and choice reaction
time deteriorated with HFPC. This means that participants’
abilities to react rapidly and properly in the extended or-
ders of reaction tasks were decreased. These findings are in
line with previous studies (17, 32-34). In a study conducted
by Kaur et al., comparison of mean reaction times in 3 con-
ditions of hands-free, hands-held cell phone conversation,
and no conversation indicated a significantly longer reac-
tion time due to both hands-free and hands-held conver-
sations compared to the no-conversation condition. How-
ever, the rise of percentage from their baseline auditory
reaction time was greater in the case of conversing with
hands-free than with hand-held phones (33). In a similar
study designed by Hendricks JL et al., results indicated sig-
nificant increase in reaction times, movement times, and
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Table 2. The Mean ± SD Cognitive Ability of Driving Test Score with and without Cell Phone Conversation on the First and Second Triala

Tests First Trial Second Trial

With Cell Phone
Conversation

Without, Cell Phone
Conversation

With Cell Phone
Conversation

Without Cell Phone
Conversation

COG( selective attention)

Sum hits 23.13 ± 0.99 23.29 ± 0.91 22.83 ± 1.09 23.42 ± 0.65

Sum correct rejections 34.75 ± 1.19 35.08 ± 1.32 34.67 ± 1.24 34.83 ± 1.20

Mean time correct
rejection

2.97 ± 0.80 2.09 ± 0.61 2.86 ± 1.10 2.03 ± 0.52

DT(choice reaction time)

Correct response 202.58 ± 38.12 280.04 ± 29.38 195.042 ± 36.31 287.04 ± 33.87

Incorrect response 12.62 ± 7.99 17.46 ± 11.93 12.08 ± 6.27 15.75 ± 13.90

Omitted response 26.25 ± 9.63 10.58 ± 5.38 26.79 ± 8.57 10.12 ± 6.49

Median reaction time 0.80 ± 0.07 0.70 ± 0.06 0.81 ± 0.08 0.70 ± 0.06

LVT (visual orientation)

Score (based on
viewing times)

12.67 ± 3.92 15.17 ± 2.24 12.29 ± 3.64 14.46 ± 2.86

Score (based on
working times)

14.62 ± 2.48 16.08 ± 1.44 13.92 ± 2.84 15.92 ± 2.22

RT (simple reaction time)

Mean reaction time 443.17 ± 47.90 366.13 ± 38.20 466.00 ± 61.02 358.13 ± 46.19

Mean motor time 111.67 ± 26.95 109.00 ± 29.30 110.83 ± 26.41 105.83 ± 23.04

VISGED (Visual
memory)

Visual memory
performance

1.75 ± 1.61 3.11 ± 1.30 1.22 ± 1.74 3.01 ± 1.30

aValues are expressed as mean ± SD.

total response times for both hands-free and hand-held
phone conversations in comparison with no phone use
(34).

However, in the current study, the mean motor time,
was not affected by HFPC. Reaction time included pro-
cessing of information and attention properties, whereas
movement time was related to muscle contraction (35). It
seems that HFPC delays the process of decision making
rather than delaying motor response.

Regarding gender and its effect on reaction time of
drivers, the current results showed that the impairments
among males was greater than females. This is in line with
another study that reported although males indicated sig-
nificantly shorter reaction times than females, both dur-
ing single and dual tasks, the percentage increase from
their baseline reaction times during both hand held and
hands free cellphone conversation, was greater in males
(33). On the other hand, Hancock et al. reported that the
corresponding impairments was stronger in females (36).

In the current study, in accordance with Amado et al.

(37), selective attention diminished with HFPC. Selective at-
tention was among the most important cognitive abilities
for safe driving so that its impairment could predict traffic
collisions (38).

The current findings confirmed that visual orientation
decreased with HFPC. The brain copes with various visual,
auditory, manual, and cognitive tasks necessary for driv-
ing (17). When a distracted (e.g. by cell-phone conversa-
tion) driver “looks at the scene, he or she may not see up to
50% of the data in the driving situation” (39). Once people
challenged to do more than one cognitively complex task
receive too much information, the brain changes its focus
and does not transfer some visual information to the work-
ing memory. If this “inattention blindness” occurs, the cen-
tral data falls out of observation and is not processed by
the brain. Consequently, a distracted driver cannot recog-
nize and react to potential hazards (40). Just et al. made
functional Magnetic Resonance Images (fMRI) of the brain,
where subjects drove on a simulator and listened to verbal
sentences on their cell phones. Results showed that the ac-
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Table 3. Association of Cognitive Ability of Driving Tests with Hands-Free Cell Phone Conversations (HFPC)

Dependent Variables Independent Variables Coefficient 0.95% CI P Value

COG (selective attention)

Sum hits
HFPC -0.38 -0.74, -0.01 0.05

The order of test -0.08 -0.42, 0.25 0.61

Sum correct rejections
HFPC -0.25 -0.77, 0.27 0.33

The order of test -0.17 -0.47, 0.14 0.27

Mean time correct rejection
HFPC 0.86 0.63, 1.09 < 0.01

The order of test -0.09 -0.23, 0.05 0.22

DT (choice reaction time)

Correct response
HFPC -84.73 -93.78, -75.67 < 0.01

The order of test -0.27 -7.92, 7.38 0.94

Incorrect response
HFPC -4.25 -7.72, -0.78 0.02

The order of test -1.13 -2.82, 0.57 0.18

Omitted response
HFPC 16.17 13.70, 18.63 < 0.01

The order of test 0.04 -2.16, 2.24 0.97

Median reaction time
HFPC 0.11 0.09, 0.12 < 0.01

The order of test 0.00 -0.01, 0.01 0.85

LVT (visual orientation)

Score (based on viewing time)
HFPC -2.33 -3.31, -1.35 < 0.01

The order of test -0.54 -1.34, 0.25 0.17

Score (based on working times)
HFPC -1.73 -2.52, -0.94 < 0.01

The order of test -0.44 -1.11, 0.24 0.19

RT (simple reaction time)

Mean reaction time
HFPC 92.46 79.20, 105.72 < 0.01

The order of test 7.42 -5.26, 20.09 0.24

Mean motor time
HFPC 3.83 -4.44, 12.11 0.35

The order of test -2.00 -7.46, 3.46 0.46

VISGED (visual memory)

Visual memory performance
HFPC -1.58 -2.05, -1.10 < 0.01

The order of test -0.31 -0.89, 0.27 0.28

Abbreviation: CI: Confidence Interval.

tivity of parietal lobe of the brain, an area associated with
driving activity, was reduced by 37%. This part of the brain is
essential for orientation and the type of spatial processing
related to driving. Therefore, listening and verbal concep-
tion drew cognitive resources from driving and resulted in
interlacing of lane and strike to guardrails by drivers (41).

Visual memory performance of the participants
showed a reduction by HFPC. One possible explanation
is when drivers are distracted, they make fewer essential
driving-related procedures and their alertness may be

diminished (42). Another explanation is related to the lim-
ited capacity of visual short-term memory (VSTM) to only
4 or 5 items (43) that embrace new visual data. When VSTM
is engaged, no extra information could be encoded, even
though they are “seeing”. Therefore, any distraction that
occupies VSTM will decrease the possibility that a given
part of driving-related data will be paid proper attention.
Consequently, distractions caused by HFPC are able to
influence safe driving. It has been shown that involvement
in HFPC, impairs the perception of changes in real traffic
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Table 4. Association of Cognitive Ability of Driving Tests with Hands Free Cell-Phone Conversation by Gender

Dependent Variables Gender Independent
Variables

Coefficient 0.95% CI P Value

COG

Mean time correct rejection

Male
HFPC 1.02 0.64, 1.41 < 0.01

The order of test -0.01 -0.22, 0.19 0.91

Female
HFPC 0.69 0.41, 0.97 < 0.01

The order of test -0.16 -0.38, 0.06 0.13

LVT

Score (based on viewing time)

Male
HFPC -1.5 -2.67, -0.32 0.02

The order of test 0.17 - 0.84, 1.18 0.72

Female
HFPC -1.96 -3.22, -0.69 < 0.01

The order of test -1.04 -1.95, -0.13 0.03

RT

Mean reaction time

Male
HFPC 102.37 80.53, 124.22 < 0.01

The order of test 12.62 -6.82, 32.07 0.18

Female
HFPC 82.54 65.71, 99.37 < 0.01

The order of test 2.21 -17.13, 21.55 0.81

Abbreviation: CI, Confidence Interval.

sights (44) and drivers often fail to remember the details
of items they had observed (45).

4.1. Strengths and limitations

This was a semi-experimental study and most of
the variables that could affect the test results were self-
matched. Therefore, the study had solid validity and reli-
ability.

The extent of deterioration of those affected aspects of
psychomotor performance was quantified, by using an ob-
jective approach. The measurements were made using a
standard computerized fitness to drive system and stan-
dard conversation. To the best of the author’s knowledge,
the present study was the first that benefited from this
level of internal validity in Iran.

There were some limitations in this study. The general-
ization of the results may be limited to only 20- to 40-year-
old educated people. Further studies with heterogeneous
driver samples are required to address this limitation.

This study examined the extent of impairment in driv-
ing oriented cognition in male and female participants.
However, the study was not specifically designed to com-
pare the level of impairment in driving ability between

males and females. Further specifically designed studies
are required to elaborate any gender difference in this
field.

4.2. Conclusion
This study quantified the effect of HFPC on cognitive

functions, which are essential for safe driving. It further
confirmed impairment of cognitive ability of drivers due
to HFPC in 5 domains, including simple and choice reac-
tion time, selective attention, visual orientation, and visual
memory. The main finding of this study was that HFPC
while driving should not be considered safe.
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