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A B S T R A C T   

Cognitive workload has been known as a key factor in traffic accidents, which can be highly 
increased by talking on the phone while driving. A wide range of studies around the world 
investigated the effects of mobile phone conversations on driving performance and traffic acci-
dents. But less noticed is the durability of cognitive effects of mobile phone conversations. This 
study aimed to determine the effects of different types of mobile phone conversations on physi-
ological response and driving performance during and after the conversation. Heart rate, heart 
rate variability (physiological response), Standard deviation of lane position (SDLP), and the 
relative distance between two cars (driving performance) of 34 samples (male and female) in the 
driving simulator were recorded. In this study, three types of conversations (neutral, cognitive, 
and arousal) were used. Neutral conversation did not pursue specific purpose questions. Cognitive 
conversations were simple mathematical problem-solving questions and arousal conversations 
aimed at arousing participant emotions. Each conversation was used as a secondary task in a 
condition. The study had three conditions; in each condition the participant drove for 15 min. 
Each condition consisted of 5 min of driving (Background), 5 min of driving and conversation 
(dual tasks) and 5 min of driving after conversation to trace the effects of the conversation. 
Vehicle speed was 110 km/h in each of the three conditions using car-following scenario. The 
results showed that neutral conversations had no significant effects on physiological response. 
Though, arousal conversations had significant effects on physiological responsiveness and driving 
performance during conversations, where it was even more significant after disconnection. 
Therefore, the content of the conversation determines the amount of cognitive load imposed on 
the driver. Considering the persistence of cognitive effects caused by conversation, the risk of 
traffic accidents is still high even after disconnection.   

1. Introduction 

The high rates of traffic accidents in many countries made it essential to do extensive research on traffic safety and the factors 
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influencing them [1]. Gicquel et al. believe that two categories of factors are related to traffic accidents, First, traffic environmental 
factors and vehicles, second, human-related factors [2]. It seems human factors plays a major role in preventing traffic accident [2,3]. 
Cognitive abilities like attention, decision making, and problem-solving are among the human factors that play an important role in 
safe driving. Therefore, any internal and external factor that reduces the cognitive functioning of individuals may lead to traffic ac-
cidents. Secondary tasks while driving increase the risk of accidents based on the attention resources they occupy [4]. From a 
resource-based perspective, the attention resources required to respond to a given set of perceived and functional demands are defined 
as cognitive workload. Therefore, in tasks such as driving, the interaction between cognitive workload in dual-task conditions and 
human capabilities is of high importance. 

Cognitive workload is a key factor affecting human performance and human error, especially in high-risk conditions [5]. Changing 
speed and direction, reaction time, and decision-making in hazardous conditions make driving a task with high cognitive demand. The 
increase in the cognitive workload of task demand, such as dual tasks (driving and a secondary task simultaneously) increases the risk 
of traffic accidents [6]. Therefore, the driver’s acceptable performance depends to a significant degree on the total cognitive demand 
while driving [3,7]. 

Previous studies made use of various methods to measure the level of driver performance variation or cognitive workload applied to 
drivers [8–15]. In measuring workload, approaches are generally grouped into subjective (self-report or observer ratings), perfor-
mance, or physiological methods [16–19]. 

Although several approaches have been used to measure cognitive workload, most methods can be classified into one of four main 
categories: (1) subjective method (2) performance-based, (3) physiological, and (4) analytic [20]. In this study, physiological methods 
were used due to its advantages such as sensitivity to variations over time, objective measurement and recording of physiological 
variation while driving [21]. Physiological parameters such as heart rate, heart rate variability (HRV), electroencephalography, and 
the electrical conductivity of the skin are among the objective methods of cognitive workload measurements that are sensitive to 
changes in mental workload. Thayer et al. and Hess and Thomas (2014) proposed HRV measurements as an indicator of mental 
processing changes [22,23]. Many studies showed that HRV decreases with increasing mental processing during task execution 
[24–27]. Hjortskov et al. suggested that mental activity may inhibit parasympathetic activity, and may lead to increased HR and 
decreased HRV [28]. Heine et al. perceived function criteria showed that as the complexity of the task increased, the SDNN index also 
decreased [29]. Numerous studies have shown that both positive and negative emotions affect the parasympathetic activity and in-
crease heart rate [30–34]. Therefore, HRV and HR can be used as indicators for assessing cognitive workload and determining the 
effects of different types of conversations on the risk of traffic accidents [35–37]. 

Many studies show that different functions of the driver are impaired while using a mobile phone [38–40]. Increased reaction time 
[41], the relative distance between two vehicles, mismatch with leader vehicle speed changes [42], and reduced environmental in-
formation processing [43] are observed during mobile phone conversations while driving. Studies show a reduction in driving per-
formance in conjunction with the increase in the complexity of the conversation. In different forms of mobile phone usage, 
performance is effected differently, for example, the deviation of lane position when texting is more than conversing [6,44,45]. Re-
searchers have used various variables such as reaction time, speed variations, time headway, and lateral position to evaluate driver 
behavior under dual-task conditions (mobile phone conversation while driving). A review of the studies shows that time headway and 
SDLP are the most causes of traffic accidents in Iran. For this reason, in this study, we selected headway time and SDLP as behavioral 
performance factors. A review of the literature shows that the effects of dual-task conditions on driving performance and physiological 
responses during the overt engagement have been the primary focus of most researchers and less attention has been paid to their 
potential lasting effects. 

The main factor in the cognitive workload of mobile phone use while driving is the processing of conversation information and 
content [35,46–49]. Consequently, increasing the complexity and difficulty of the conversation increases the mental workload [50]. 
Various studies have used a variety of “conversation” content. These have included mathematical questions [8,51–53], spatial visu-
alization questions [54,55] and arousal content [35,50] as subjects in conversations; other work does not characterize the content of 
conversations conducted [9,56–58]. The added cognitive load of conversations can negatively affect driver’s performance, which can 
appear in reduced speed, increased longitudinal spacing, increased reaction time, increased standard deviation of lane position (SDLP), 
etc. [41,59–63]. The content of mobile phone conversations while driving is very diverse and this has challenged researchers in 
stimulating conversations. Thus, these studies have focused on the physiological and behavioral effects of conversation, and fewer 
types of conversation have been compared. 

The questions/hypotheses of the present study include: 
Does the load remain after the call is disconnected? 
Is the persistence of cognitive effects different in different conversations? 
Is the persistence of effects different in physiological and behavioral responses? 

The present study was conducted in a driving simulator, providing a safe environment for studying phone conversations. Partic-
ipants engaged in conversations using a mobile phone while driving and the effects of the conversations on physiological arousal (heart 
rate and HRV) and driving performance were measured both during the call as well as following to explore any persistent effects of the 
conversations. 
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2. Methods 

2.1. Participants 

Thirty-six volunteers (17 men and 19 women) participated. Two of them left the study before the end of the experiment. 34 
participants (18 men and 16 women) were present until the end of the study. In this study, ethics criteria in the research were 
considered and approved by the ethics committee of shahid Beheshti university of medical science (Ethical code: P/D/H/9296/11) and 
verbal informed consent was obtained from all participants. The mean age and driving experience of the participants are presented in 
Table 1. Participants were required to have a driver’s license and at least 5 years of driving experience or 10,000 km of driving per year. 
Patients with a history of heart disease and untreated vision impairment were excluded from the study. Before starting the assessment, 
the study method was explained to the participants. They were compensated $12 for participating in the study. 

2.2. Driving simulator and scenarios 

The present study used a Pride vehicle simulator (Fig. 1). The simulator was designed and supported by the virtual reality lab of K. 
N. University of Technology. It was a class 2 simulator, with a car cabin with a driver’s seat and an adjacent passenger seat, steering 
wheel, clutch, brake and gas pedals, and also a real dashboard. To display the scenario, three 19-inch monitors were used. The 
simulator structure was static and the distance between the driver and road screen was about 2 m (Fig. 2). The participant’s horizontal 
view angle was 60◦. The resolution provided by the simulator was 768 × 3072. The simulator was capable of producing starter and 
engine sounds, left and right signal indicators, flashers, and wiper blades. In this study, the sound of the engine, starter, and light switch 
was provided. This simulator was able to store car position and speed, and pedal interaction information in an Excel file. 

The driving simulator used in this study included various components such as road type, speed, speed variation, cognitive com-
ponents in the scenario, and type of road simulator. Road characteristics, road type, location of mirrors, number of cars, etc. are the 
cognitive components of the scenario. 

In this study, freeways were considered with 3 lanes. The width of the road was 11 m and the width of the lane was 3.66 m. The 
number of curves was repeated twice a minute for each minute, the roadside environment and the dunes lacked vegetation. The 
environment around the road was sand dunes, and there was no other car on the road except for the leader car. The length of the road 
was considered indefinite; the mean speed considered in this study was 110 km/h. The duration of the condition in each scenario was 
considered to be 15 min. Considering the importance of maintaining continuous attention of samples during driving, the car-following 
scenario was selected as the main scenario in the study (Fig. 3). In this study, one scenario was used in all three conditions. The speed of 
the leader car fluctuated in order to prevent learning and to maintain the visual and auditory attention of the participant in the car 
following scenario. In this scenario, the participant follows the leader car and changes his/her speed as the leader car changes its speed. 

The driving simulator was able to record position specifications data of leader and participant cars as well as pedals changes. This 
data was stored in an Excel file at a frequency of 30 Hz. After gathering the data in Matlab software, the following two variables were 
calculated: Standard deviation of lane position (SDLP) and time headway. SDLP is calculated by the standard deviation of the mean 
lateral position. Time headway was calculated by dividing the distance between the two cars by the speed of the participant car. SDLP 
and time headway is calculated individually. 

2.3. Cognitive task 

Mobile phone conversation and driving at the same time (dual task conditions) are inherently mental workload or cognitive 
demanding. This can be extended to all three types of conversation. The difference between their cognitive needs or mental workload is 
in the processing capacity used in different types of conversations. 

Three types of mobile phone conversations were studied as secondary tasks: a neutral conversation, a puzzle or cognitive problem- 
solving task embedded in a conversation, and an arousal conversation. The structure and content were developed following [8,35,55], 
respectively. In the neutral conversation, questions were intended to be unambiguous and covered individual characteristics and 
interests with participants providing short answers to questions such as: what is your name? What is your favorite music? What is your 
favorite car? In the problem-solving or puzzle conversation (in this study defined as a cognitively loading conversation), participants 

Table 1 
Descriptive statistics of participants.  

variables mean SD Percentage 

Age (years) Men 29.7 5.38 – 
Women 27.3 4.2 – 

Driving experience (years) men 8.6 1.3 – 
women 6.2 .9 – 

Annual Distance Driven (km/year) <10000 – – 32.35 
>10000 – – 67.68 

Mobile phone Use While Driving do not use or at least once a week – – 23.53 
one to three times a week – – 64.87 
More than three times a week – – 11.77  
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were required to perform one of four basic mathematical calculations. Questions in this type of conversation included: If Jane runs 6 
miles in 54 min, how long does it take her to run one mile? How many hours will it take to run 21 miles at a rate of three miles per hour? 
The arousal conversation was designed to stimulate the emotions and tailored for each individual. Prior to the driving simulation, 
participants were interviewed on topics such as social, cultural, ethnic, religion, political, and women’s rights and terrorism. From 
among these topical areas, participants’ greater emotional investment and sensitivity were recorded to select the subject of conver-
sation and opposing views were discussed to give rise to excitement during the conversation during the drive. Conversation methods in 

Fig. 1. Pride simulator.  

Fig. 2. Samples distance to monitors.  

Fig. 3. Road scenario.  
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this category of studies include hand hold, hand free and passenger. This study the mobile phone conversation was hands-free and the 
researcher made contact with the participant. 

2.4. Physiological measures 

Heart rate is perhaps the most commonly used and reliable physiological index in mental workload studies [17,64–66]. In addition 
to considering mean heart rate, change in the degree of variability of the interval between successive heart beats (e.g. HRV) is also a 
sensitive indicator for evaluating operator workload. HRV metrics can be calculated in the time, frequency, and nonlinear domains (see 
the standardized descriptions in European Cardiovascular Association and American Electrophysiological Association guidelines 
[67]). A frequently the most commonly used HRV measurement method is the measurement of the standard deviation of heart rate 
intervals, hence considering the measurement time used in this study in each condition (5 min) and the variable SDNN representing the 
HRV overview, it seemed logical to measure HRV over a 5-min interval. The SDNN index was also used in this study. On the other hand, 
due to the arousal load of some conversations and the role of sympathetic and parasympathetic nerves in the arousal conversation of 
the LF/HF ratio, this index was calculated in frequency domain LF/HF ratio was calculated. The LF/HF ratio was obtained by dividing 
low-frequency power (LF power 0.04–0.15 Hz) by the high-frequency power (HF power, 0.15–1.00 Hz) values. 

These measures were obtained from electrocardiographic (ECG) recordings using the eWave device (Parto Danesh). The signal was 
recorded at a rate 1000 Hz with a band pass filter of 1–40 Hz. In making the recordings, the skin of the chest was cleaned with alcohol 
for the placement of the chest leads (male participants were advised to shave the area before coming for the condition). Two electrodes 
were placed in the left and right chest regions, just below than the clavicle bone and the mastoid was used for the ground/reference 
placement. The fundamental signal extracted from the ECG for analysis was the interval between successive normal-to-normal QRS 
intervals in the ECG wave-form, specifically the interval between successive R-wave peaks (RR intervals). The more familiar metric, 
heart rate (HR), is calculated from the RR interval (HR in beats per minute = 60,000/IBI in milliseconds). These procedures were in 
line with the European Cardiovascular Association and American Electrophysiological Association guidelines cited previously. 

The Kubios software package (v.7) (www.kubios.com) was used for data cleaning and calculating the heart rate variability (HRV) 
metrics. Kubios software has the ability to remove possible artifacts in a detected heart-beat interval series. The artifact correction 
option was set at the moderate level. 

2.5. Procedure 

One day before the condition, participants were informed about compliance requirements and conditions of the study. Training 
provided the study prior to the implementation of conditions (How to work with the simulator and the steps of the study). Participants 
were then asked to complete a demographic questionnaire. In order to adapt to the driving simulator, all participants drove the 
simulator for at least 5 min (Fig. 4). After adaption with simulator, ECG electrodes were prepared and installed (Fig. 4). The total 
duration of the experimental driving simulation lasted 45 min, consisting of three 15-min conditions, each condition consisted of three 
parts (5-min) but continuously (Fig. 4). The study design was within-subject and all participants completed all three conditions. In 
order to perform the conditions counter-balanced between the participants, the order of the three types of phone conversation was 
randomized across the sample. 

Fig. 4. Procedure of study.  
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2.6. Data-analysis 

All statistical analyzes were performed using SPSS software (v. 20). Normality of data was assessed by Kolmogorov-Smirnov 
condition. As outlined in the objectives of this study, physiological (HR, RR, SDNN, LF/HF) and driving performance (time head-
way, SDLP) metrics were compared across the Background, dual-task, and Tracing conditions for driving segments containing each of 
the three different types of conversations (neutral, cognitive, arousal). Repeated Measures One Way ANOVAs were conducted to 
condition for the presence of differences in driving performance and cardiac activity. 

3. Results 

3.1. Physiological data 

As outlined above, physiological and driving performance data were collected and analyzed across three 5-min intervals: Back-
ground single task driving, driving and engaging in a mobile phone conversation (dual task), and a Tracing period post-conversation 
for each of the three conversation types. Mean and standard deviation values for each of the data collection periods are shown in 
Table 2. No significant changes in physiological arousal (Tables 2 and 3) were observed relative to Background during the neutral 
conversation (HR, p = 0.2; RR, p = 0.95; SDNN, p = 0.4; LF/HF ratio, p = 0.89). RR interval in the cognitive conversation condition, 
showed no statistically significant changes, while heart rate, LF/HF ratio and SDNN, showed significant changes (dual task condition, 
HR, p = 0.038; RR, p = 0.47; SDNN, p = 0.003; LF/HF ratio, p = 0.00). Conversely, in arousal conversations, the heart rate and LF/HF 
significantly increased, and RR, SDNN significantly decreased (dual task condition, HR, p = 0.00; RR, p = 0.69; SDNN, p = 0.003; LF/ 
HF ratio, p = 0.01). The results showed that neutral conversation had no persistent effects. (Tracing condition, HR, p = 0.27; RR, p =
0.97; SDNN, p = 0.7; LF/HF ratio, p = 0.9). 

However, cognitive conversation (Tracing condition, HR, p = 0.43; RR, p = 0.68; SDNN, p = 0.041; LF/HF ratio, p = 0.04) and 
arousal conversation (Tracing condition, HR, p = 0.32; RR, p = 0.86; SDNN, p = 0.016; LF/HF ratio, p = 0.014), SDNN, LF/HF pa-
rameters showed significant changes, while RR showed no significant changes. HR, though, experienced a significant and meaningful 
change due to arousal conversation (Dual task condition), while it was not significant in cognitive conversation. Considering the 
significant changes in the three above mentioned variables, these results indicated persistent effects of arousal conversation on heart 
function even after call disconnection (Table 2). The results of the one-way ANOVA test show that the heart rate in the dual task state 
shows a significant difference between groups and within group, and also the LF/HF ratio of shows a significant difference in the 
conditions of cognitive and arousal conversation (Tables 3 and 4). 

3.2. Driving performance data 

Mean and standard deviation values for the driving performance metrics are shown in Table 5. Time headway in arousal and 
cognitive conversations increased significantly. Unlike, neutral conversation caused no significant change in time headway of two cars 
(Fig. 5, Table 6). The results from SDLP at the speed of 110 km/h, while dual tasking, suggested significant changes relative to the types 
of conversations (Fig. 6). 

Table 6 shows the results of driver’s performance in tracing condition under different conversations at a speed of 110 km/h. 
Considering tracing condition in arousal conversation, there was significant increase in both time headway between two car and SDLP 
compared to Background condition, while after Tracing condition in cognitive conversation, only SDLP was influenced by persistent 
effects of conversation and no significant change was observed in time headway. Also, in neutral conversation, no significant change 
was reported for both driving performance variables. The results of the one-way ANOVA test show that the SDLP and Time headway a 
significant difference between groups and within group in all state (Table 6). The results of Multiple Comparisons in ANOVA test show 
that Time headway a significant difference in dual task and tracing state (Table 7). 

Table 2 
Physiological performance in three types of conversation.  

Feature Neutral Pvalu Cognitive Pvalu Arousal Pvalu 

mean ± SD mean ± SD mean ± SD 

Heart Rate (beat/min) Background 76.4 ± 9.1  76.97 ± 9.4  78.76 ± 7.8  
Dual task 80.1 ± 7.31 0.067 82.07 ± 7.4 0.013 86.05 ± 5.6 0.01 
Tracing 79.6 ± 8.4 0.18 79.45 ± 7.8 0.22 81.27 ± 6 0.02 

Heart Rate Variability RR (ms) Background 709 ± 123  716 ± 67  705 ± 125  
Dual task 100 ± 700 0.99 93 ± 690 0.91 681 ± 115 0.001 
Tracing 702 ± 116 0.9 699 ± 93 0.71 691 ± 92 0.32 

SDNN (ms) Background 77.7 ± 14.7  79.8 ± 11.4  78.7 ± 10.1  
Dual task 10.7 ± 73.73 0.21 10.4 ± 70.69 0.01 70.3 ± 7.2 0.004 
Tracing 75.09 ± 12.5 0.88 73.58 ± 9.09 0.01 71.9 ± 8.15 0.001 

LF/HF ratio Background 1.6 ± 0.92  1.65 ± 0.86  1.57 ± 0.73  
Dual task 0.69 ± 1.78 0.44 1.07 ± 2.84 0.001 3.22 ± 1.3 0.001 
Tracing 1.64 ± 0.71 0.99 2.22 ± 0.81 0.01 2.33 ± 1 0.01  

M. Pouyakian et al.                                                                                                                                                                                                   



Heliyon 9 (2023) e17501

7

4. Discussion 

The present study aimed to investigate the cognitive effects of conversations on physiological and driving performance after 
disconnecting the conversation. Physiological data and driving performance measures were used as direct readings in a simulated 
environment to measure the effects of cognitive workload. Although [25] suggested that simulation environments do not create the 
true sense and fear of an accident in participants; it can create mental workload in a person. The results of this study showed that both 
physiological and driving performance indices significant changes in dual task condition. As stated, each of the parameters measured 
and evaluated at different condition conditions reported various changes relative to mental workload. Arousal conversation in 
dual-task condition showed significant changes in the measured parameters, and in the tracing conditions, only RR variable did not 
show significant changes. In cognitive conversation, changes in cardiac parameters were not the same as applied workload, so that 
SDNN and LF/HF ratios changed significantly during and after a conversation, while heart rate and RR parameters remained without 
any significant changes. In Neutral conversation, no significant changes were observed in variables, which can be due to two factors: 
first, lack of sensitivity in evaluated variables; and the use of a compensatory mechanism in information processing, which ultimately 
leads to a tolerable mental workload through this mechanism. Based on these results, it can be said that cardiac parameters were more 

Table 3 
Significant level of physiological performance in ANOVA condition.  

Variables Condition Mean Square F Sig. 

Heart Rate (beat/min) Background Between Groups 70.900 .961 .386 
Within Groups 73.805   

Dual task Between Groups 331.846 7.308 .001 
Within Groups 45.410   

Tracing Between Groups 26.065 .474 .624 
Within Groups 55.010   

LF/HF ratio Background Between Groups .193 .05 .995 
Within Groups .661   

Dual task Between Groups 19.476 17.356 .001 
Within Groups 1.122   

Tracing Between Groups 4.816 6.672 .002 
Within Groups .722   

Other variables of physiological performance, including RR and SDNN, had no significant correlation between the different conditions studied, and due to the 
limitation of the pages of the article, they were not expressed in this table.  

Table 4 
Multiple Comparisons in ANOVA test.  

Variable   conversation Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Heart Rate background neutral cognitive 2.068 .966 − 5.892 4.156 
arousal 2.099 .446 − 7.941 2.256 

Dual task cognitive 1.622 .387 − 6.291 1.590 
arousal 1.646 .001 − 10.237 − 2.238 

tracing cognitive 1.785 1.000 − 4.267 4.408 
arousal 1.812 .797 − 5.893 2.911 

LF.HF Ration background Neutral cognitive .19582 0.99 − .492 .458 
arousal .19872 0.99 − .484 .480 

Dual task cognitive .25508 .001 − 1.656 − .417 
arousal .25886 .001 − 2.110 − .853 

tracing cognitive .20460 .026 − 1.044 − .050 
arousal .20763 .002 − 1.2292 − .2206 

Other variables of physiological performance, including RR and SDNN, had no significant correlation between the different conditions studied, and due to the 
limitation of the pages of the article, they were not expressed in this table.  

Table 5 
Driving performance in three types of conversation.  

Feature Neutral mean ± SD Cognitive mean ± SD Arousal mean ± SD 

Time headway (s) Background 7.44 ± 0.41 7.42 ± 0.46 7.33 ± 0.4 
Dual task 7.51 ± 0.4 8.10 ± 0.71 8.11 ± 0.46 
Tracing 7.46 ± 0.39 7.68 ± 0.82 7.75 ± 0.53 

SDLP (m) Background 0.41 ± 0.11 0.9 ± 39.0 0.36 ± 0.09 
Dual task 0.76 ± 0.14 0.76 ± 0.53 0.84 ± 0.1 
Tracing 0.41 ± 0.16 0.83 ± 0.19 0.82 ± 0.12 

Background: Background condition Dual task: Dual task condition  
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sensitive to mental workload from arousal conversations compared to cognitive and neutral conversations, and also a persistent effect 
of arousal conversation after the discontinuation of the conversation was reported by several parameters. 

Since determining excessive mental workload is a cue for the development of adaptive systems and is shown to improve in-
teractions between humans and machines [68,69], if Autonomic Nervous System (ANS) and central nervous system (CNS) reach the 
maximum or "saturation level" of mental workload, workload is found to be more than mental capacity. Therefore, the difference 
between results from various conversations may suggest that saturation level for mental workload is not met under neutral conver-
sation. Also, low mental workload of driving scenarios may be a reason to insignificant effect on neutral conversation on cardiac 
parameters, which does not impose excessive mental workload from conversation load. 

On the other hand, some researchers such as [70] claimed that mental capacity is similar to U shape curve in the opposite direction. 
However, this important issue was rarely taken into account from the neurophysical point of view and human factors. The Autonomic 

Fig. 5. Comparison of time headway of a driver at types conversation.  

Table 6 
Significant level of driving performance in ANOVA condition.  

Variables Condition  Mean Square F sig 

SDLP Background Between Groups 80 0.61 0.54 
Within Groups 132 

Dual task Between Groups 1629 7 0.001 
Within Groups 210 

Tracing Between Groups 1475 7.07 0.001 
Within Groups 208 

Time Headway Background Between Groups .89 31.8 .08 
Within Groups 2.81 

Dual task Between Groups 13.897 101.2 .001 
Within Groups .137 

Tracing Between Groups 5.415 40.4 .001 
Within Groups .134  

Fig. 6. Comparison of time headway of a driver at types conversation.  
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Nervous System (ANS) is a control system that acts largely unconsciously and regulates bodily functions such as the heart rate, 
digestion, respiratory rate, pupillary response, urination. Therefore, changes in mental workload may be related to changes in ANS 
activity and can be associated with changes in heart rate and other time and frequency variables. ANS activity is influenced by 
sympathetic and parasympathetic nervous systems. Kamat et al. (2000) believed that low-frequency heart rate variability (LF) asso-
ciated with blood pressure; In other words, this happens with the involvement of sympathetic activity; and the variability of heart rate 
in the high-frequency region (HF) is associated with sinus respiration arrhythmia, i. e parasympathetic activity. As the results show, the 
LF/HF ratio index is one of the most reliable indicators for measuring mental workload. For example, in cognitive conversational 
condition conditions, it can be identified as an indicator with sufficient sensitivity to detect the persistent effects of mental workload 
[5]. also suggested LF/HF ratio index as a reliable indicator in additional mental workload conditions, which confirms the results of the 
present study. Mandrick et al. (2016) reported the effects of emotions on HR [71]. However, to support this research and other re-
searchers such as Heine et al. (2017), heart rate was influenced by the secondary task cognitive requirements and rapidly responded 
and increased at higher complexity [29]. As the results showed, HRV components under the influence of workload stress did not 
improve performance. To interpret these results, we may refer to Patel et al. (2016) describing the interaction between cognition and 
emotions at work. Induction of stimulations on work-related memory dependent to work complications has various influences, and a 
mutual increase of cognitive requirements improves the physiological responses associated with anxiety [72]. Though, this does not 
prove to be true for HRV parameters studied. Therefore, this argument confirms the results of the present study. 

The purpose of this study was to detect the persistent effects of mental workload. Measurement of HRV indexes and driving 
performance indicated the persistent effects of mental workload after a conversation. The results showed that cognitive and arousal 
conversations had persistent effects on physiological and driving performance parameters. Among the parameters monitored, SDNN, 
and LF/HF ratio and SDLP (behavioral performance) showed persistence effects for cognitive conversations. In arousal conversation, 
with the exception of RR, all the measured variables confirmed the persistent effects of mental workload. Since the neutral of mobile 
phone conversation is associated with mental workload, it seems like an arousal conversation, and the arousal aspect of the con-
versation and the excitement of the participants are likely to have more persistent effects on this type of conversation. Therefore, 
arousal conversations have a significant effect on physiological parameters such as SDNN and LF/HF ratio. Miyake et al. (2009) and 
Cinaz et al. (2013) believed that the LF/HF ratio was a well measure of productivity and confirms this study [73,74]. 

The results of the driving performance data from the present study show that mobile phone conversation led to an increase in the 
time headway (cognitive and arousal conversation) and SDLP (In three types of conversation). These results showed that the mobile 
phone conversation while driving led to increased mental workload and reduced driver processing capacity. Thus, the driver un-
derstood the greater risk of an accident. And the driver tried to increase the safety margin by increasing the time headway. In addition, 
depending on the type of conversation on the mobile phone, it could cause lasting effects on participants’ driving performance which 
still carried the risk of accidents due to distractions even after disconnection. Based on the results of this study, arousal conversions 
affected the driver’s performance functioning for 5 min after disconnecting. These results indicated a significant increase in SDLP at 
three levels of conversation and the headway between cognitive and arousal conversations. Following changes in performance 
functions at all three levels of conversations suggested that changes in arousal conversations were significantly affected by conver-
sation, and after disconnecting, time headway between two vehicles and the SDLP was significantly more than the background 
condition. Since information about mobile phone use is not included in accidents, some traffic accidents may be the result of the 
persistent effects of mobile phone conversations. Oviedo-Trespalacios et al. and Briggs et al. [50,75] believed when the task is finished, 
the cognitive effects of the conversation would be persistent and confirmed the results from our studies. 

The Multiple Sources theory in human information processing should be sought in the "single-channel bottlenecks" concept, 
indicating limitations in simultaneous performance of dual tasks [4]. Some studies have shown that increasing the complexity of the 
conversation and the difficulty of the secondary task reduces the rate of road and environment scanning by the driver and causes the 
driver to focus more on the center of the road [46]. It seems that although the human brain has a high level of parallel processing, there 
are still limitations in the processing of information. The overlapping of information in the brain is known as the model of the psy-
chological refractory period [76]. As such, the content of the various conversations can have different processing levels and make it 
more difficult for the driver to handle the tasks. Therefore, the difference in processing level of cognitive and arousal type of 

Table 7 
Multiple Comparisons in ANOVA test.  

Condition Conversation Std. Error Sig. Lower Bound Upper Bound 

SDLP Background neutral cognitive 2.76936 .655 − 3.8313 9.6212 
arousal 2.81040 .995 − 6.2297 7.4222 

Dual task cognitive 3.48969 .034 − 17.4749 − .5234 
arousal 3.54141 .001 − 22.2993 − 5.0965 

tracing cognitive 3.47789 .003 − 20.3774 − 3.4832 
arousal 3.52943 .009 − 19.3432 − 2.1986 

Time headway background neutral cognitive .07166 .071 .3364 .6845 
arousal .07273 .958 − .1438 .2095 

Dual task cognitive .08922 .002 .1027 .5361 
arousal .09054 .000 − 1.1378 − .6980 

tracing cognitive .08808 .014 .0418 .4697 
arousal .08938 .000 − .7466 − .3125  
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conversation is the cause of different changes in performance parameters. 
According to Horrey and Wickens (2004), driver performance during driving may depend on various cognitive resources; for 

example, a number of driver’s responses to environmental stimuli require decision making, and some are dependent on the choice of 
response. Therefore, each of these two variables of time headway and SDLP occupies different processing resources [43]. In other 
words, driving performance and driver’s subjective workload were interconnected and could act independently under compensatory 
conditions. In fact, if the complexity of the task increases, the driver may maintain a stable performance to a certain extent through 
increasing effort [77]. For this reason, in neutral conversation in a dual-tasking condition, the relative time headway between two 
vehicles was not affected, but the position of the vehicle in the middle of the road significantly changed. Therefore, when the con-
versation is at a low processing level and the sources required to process the conversation and maintain driver’s performance are 
different, no significant change in performance is reported, such as no significant change in vehicle time headway and the neutral 
conversation. However, in arousal, and cognitive conversations, that make the conversation more complicated, compensatory 
mechanisms cannot maintain performance [78]. 

Most contemporary theoretical models show that drivers can impose a number of active controls for the allocation of attention 
resources, in order to avoid passive distraction. According to the Michan [79] operational-tactical-strategic driving model and Reagan 
et al. [80], when drivers are faced with driving challenges, they can apply three different controls to maintain their performance. 
Controlling feedback differs from the resources allocated to the "goal" and the current situation helps the driver change his behavior 
based on past results. In driver nutrition control, the driver changes his behavior in predicting future events or challenges. 

Failure at any level of control can lead to errors at other levels, which in turn results in the breakdown of the entire system (called 
"the cascading effects"). At the operational level, a driver responding to a phone call can reduce demand by reducing the number of 
gear changes. At the tactical level, this is achieved by slowing down and staying in the same lane (adaptive control); at the strategic 
level, this is achieved by choosing a safer route and avoiding crowded intersections (default feeding control) the demand level is 
reduced. The results of this study show that by reducing speed and increasing the distance between two cars, the driver tries to reduce 
the demand level. 

Accordingly, the results of driving and physiological performance confirm the lasting effects of conversation after disconnection. 
Cognitive effects may last stronger if it comes to arousal conversations or requires greater utilization of processing capacity, and this 
concern traffic accidents happening. 

4.1. Study limitations 

One of the limitations to the study was the type of arousal conversation, as the choice of challenging subjects varies from one person 
to another and the amount of stimulation in the arousal conversation may vary from person to person. Also, the amount of driving 
experience with the simulator could affect the results. For example, if people are more skilled, they may suffer less degree of cognitive 
workload compared to others. 

5. Conclusion 

The results from the present study indicated that the workload applied to individuals may cause lasting effects, and these lasting 
effects subsequently reduced the level of immunity and increased potential human error and accidents even if the workload was 
ceased. This study provided evidence on effects and duration of such effects of conversation on mobile phone while driving and after 
that. In this study, three cardiac indexes, each representing HRV, were used along with heart rate as physiological measurements. 
Based on the results, the LF/HF ratio index was shown to be a better indicator of work load. Also, the results of this research can be of 
interest to the field of cognitive workload to define broad studies on durable effects of cognitive workload in high-risk jobs. 
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