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Factors influencing headway selection while negotiating secondary tasks in real-

traffic 

Master‟s Thesis in the Automotive Engineering  

LI XI 

Department of Applied Mechanics 

Division of Vehicle Safety  

Chalmers University of Technology 

 

ABSTRACT 

Recently, naturalistic studies have been able to relate a large amount of rear-end 

crashes to driver‟s inattention while following another vehicle. Several simulator-

based researches have claimed that drivers get a longer mean-reaction-time while 

doing a secondary task. However, very few studies on drivers‟ headway selection 

while performing a secondary task during car-following in real-traffic have been 

done. Therefore, this study aims to discover whether drivers increase time headway to 

a forward vehicle while negotiating a secondary task by using a naturalistic and field 

operational test database. 

This study was conducted using the Volvo Car data from SeMiFOT database. 

SeMiFOT is a Naturalistic and Field Operational Test study which was carried out by 

12 different partners in Sweden from January 2008 to December 2009[1]. 

The methodology followed in this investigation comprised of four steps. In the first 

step, all the known secondary tasks from the literature were classified into nine 

categories based on their different characteristics. Then the nine secondary tasks were 

assigned to three different levels: complex task, moderate task, and simple task; 

according to the number of required button-press and/or eye-glance; in the second 

step, videos were manually reviewed to mark all the following action periods 

containing secondary task events; in the third step, data incorporating vehicle 

following and secondary tasks was imported into Matlab for further analyses, more 

specifically, four variables were selected from the VCC database: time index, 

headway distance, vehicle speed, and adapted cruise control lamp status, moreover, 

time headway was selected as the standard measure in this study; finally, in the fourth 

step, mean values of time headway for all selected events were compared in order to 

derive different headway selection for different secondary task related periods. 

The results concluded in this study can be used as an indicator which points out which 

factors may have influence on drivers‟ headway selection while negotiating secondary 

tasks during car-following in real-traffic. 

Key words: naturalistic driving, driver headway selection, secondary task 
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1 Introduction 

Car following situation is a common on road scenario. It is also a potential hazardous 

situation if the driver is inattentive and the forward vehicle performs an unpredicted 

braking action [Mary F. Lesch and Peter A. (2003)]. Hence, for the last half century, 

several car-following models had been invented, developed, and then improved. Early 

studies on car-following were focus on physical and mathematical development and 

can be referred as Static Model [Chandler R.E. et al. (1958), Louis A. Pipes (1967), 

Sten Bexelius (1968), M.P. Heyes and R. Ashworth (1972), J.E. Tolle (1974), and P.G. 

Gipps (1981)]. However, as the research went deeper and deeper, they have 

successively discovered that in order to develop an appropriate and realistic car-

following model, not only the physical and mathematical features had to be taken into 

account, but also the psychological level of driver had to be concerned [P.A. Hancock 

(1999), Mark Brackstone and Mike McDonald (1999), and Erwin R. Boer (1999)]. 

Since then, researchers realized that the driver plays a crucial role in car-following. It 

is the driver who makes the decision after all. Some researchers even concluded that a 

certain type of personality of driver, called Type A personality, could be used as a 

significant predictor of risky driving style, such as close-following, and speeding 

[Thomas E. Boyce and E. Scott Geller (2002)]. Of course, driver‟s behavior differs 

due to gender, age, mental-workload, etc. One study showed that there was a strong 

tendency to believe that one is safer and more skillful than their fellow drivers [Ola 

Svenson (1981)]. In response to these studies, several countries made restriction on 

the minimum following distance to keep the driving environment safer. Even though, 

a research conducted on UK‟s motorway indicated that current headway distances 

were far lower than believed [Mark Brackstone et al. (2002)]. Thus, researchers 

realized that it was important to understand why some drivers intended to maintain 

short headway distances even it increases the risk. In other words, the question is: 

“What factors influence driver‟s decision on their headway distance to the forward 

vehicle?” A recent study conducted by several researchers examined four potential 

influencing factors in drivers‟ following behavior [Mark Brackstone et al. (2009)]. 

And they have concluded that the type of lead vehicle is a contributing factor to 

driver‟s following behavior, also they presented that drivers are inconsistent in their 

choice of headway distance. Other two potential factors, level of traffic flow and road 

characteristics were found not to be significant in.  

Distraction is another important factor when comes to traffic safety field [Katja 

Kircher (2007)]. Driver distraction is the voluntary diversion of attention from the 

primary driving tasks not related to impairment (from alcohol, drugs, or a medical 

condition) where the diversion occurs because the driver is performing an additional 

task (or tasks) and temporarily focusing on an object, event, or person not related to 

the primary driving tasks. The diversion reduces a driver‟s situational awareness, 

decision making, and/or performance resulting, in some instances, in a collision or 

near-miss or corrective action by the driver and/or other road user [Australian Road 

Safety Board (2006)]. It is obvious that driver distraction is associated with secondary 

tasks while driving [Thomas A. Ranney (2008)]. At the very beginning of driving 

history, the secondary tasks that driver could to perform were limited. Nowadays, an 

increasing number of modern systems and wireless devices are mounted on-board. 

Thus, driver can nowadays participate in more enjoyable- yet complex- secondary 

tasks while driving. For instance, using cellular cell phone browse websites or even 

updating their facebook, using navigation system to guide direction, using in-vehicle 

entertaining device, etc. It is widely accepted that intelligent transport systems are not 
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only assisting driver, but also distracting the driver too [Danielle Lottridge and Mark 

Chignell (2007)]. An interesting current research manifested that drivers did not tend 

to strategically postpone the initiation of the secondary task even though they were 

fully aware of the relative demands of the road [William J. Horrey and Mary F. Lesch 

(2009)]. In other word, drivers intended to initiate the secondary tasks regardless of 

the current driving conditions. As consequence, the combination of doing secondary 

tasks and following another vehicle is inevitable. Another research claimed that some 

drivers even pay attention to displays in neighboring vehicles while driving which 

leads to impairment of driving performance [Julie Hatfield and Timothy Chamberlain 

(2008)]. Because of varied forms of secondary tasks, some researchers have suggested 

a new secondary task classification criterion based on the required number of button-

presses and/or eye-glance, in order to make the driver behavior more reasonable and 

understandable [Klauer (2006)]. Those tasks mentioned above are obviously 

demanding more than two button-presses and/or eye-glance. Based on this criterion, 

one could assume that driver‟s vehicle following behavior differs due to on-going 

task‟s difficulty level. Many studies have been conducted to investigate different 

degradations of distraction for various secondary tasks by using diverse methods. 

Specifically, three common methods have been used, there are, simulator study, on-

road track (including on-road test-track and on-road real-track), and survey study 

[Jeffery Dressel and Paul Atchley (2008)]. 

Because of the importance of car-following and driver distraction (secondary tasks), 

many researchers are devoted to investigate in-depths the combination of those two 

parameters. Due to rapidly increase of cellular cell phone use and its negative impact 

on driver‟s performance [Mark J.M. Sullman, Peter H. Baas (2004), M. Eugenia Gras, 

et al. (2006), David W. Eyb, et al. (2006), and Erik Nelson, et al. (2009)], the most 

comprehensive target is to study cellular cell phone use while driving, which mainly 

focusing on driver‟s following and braking behaviors [Michael E. Rakauskas, et al. 

(2004), Paul J. Treffner and Rod Barrent (2004), David Shinar, et al. (2005), William 

J. Horrey and Christopher D. Wickens (2006), Joel M. Cooper and David L. Strayer 

(2008), Joel M. Cooper, et al. (2009), and David B. Bellinger, et al. (2009)]. However, 

there were only few studies that concentrated on the effects of diverse secondary tasks 

in car following situation, [Sonia Amado and Pinar Ulupiner (2005), and David L. 

Strayer, et al. (2006)].  Thus, it is essential to investigate driver‟s headway selection 

under various secondary tasks.  

Hence, this thesis was aimed to re-examine some of the potential influencing factors 

of drivers‟ headway selection discussed in former studies, and to validate some other 

hypothetical, but likely factors, which associated with secondary tasks. This thesis‟s 

results will provide some indications on whether drivers will increase their time 

headway distance to the forward vehicle as a compensation of engaging to secondary 

tasks. 

It should be emphasized that, due to the quantity of selected samples and limited 

number of drivers, the quality of measurements, and other uncontrollable factors, the 

analysis performed in this thesis has some limitations, which are presented in the 

discussion section. 
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2 Methodology 

2.1 Materials 

The main source of data for this study is the data from SeMiFOT database collected 

by Volvo Car Corporation.  

SeMiFOT is a SAFER project that ran from January 2008 to December 2009, which 

gathered 13 organisations from the automotive industry, the Swedish Road 

Administration, and academia, around the development of the Naturalistic FOT 

method, which combines from both Naturalistic Driving Studies and Field 

Operational Tests. SeMiFOT addressed challenges related to technology and 

implementation and to analytical approaches [2]. 

In the Volvo Car Corporation data, 29 Volvo drivers made 7892 trips for a total 1142 

hours [VCC database]. Two types of Volvo cars were utilized, V70 and XC70, both 

have 5 engine cylinders with automatic transmission and standard chassis powered by 

diesel. 

2.2 Participants 

Overall, nine drivers were involved in this study. Four of them were male, and five of 

them were female. Participants‟ mean age was 49 with standard deviation and range 

of 6.0 and 17, respectively. According to drivers‟ background check, all nine drivers 

had a valid driver‟s license with mean driving experience of 31 years with standard 

deviation and range of 6.3 and 19. It should be mentioned that two drivers‟ age and 

driving experience were missing in the VCC database, one male and one female. 

2.3 Method 

 

Figure 2.1 Overall methodology layout 

Figure 2.1 illustrates the overall methodology applied in this study. It comprises three 

sub-progresses, they are, theoretical progress, experimental progress, and analytical 

progress shown as in the above figure. Details will be depicted in following sections. 

 

 

                                                 
2
 http://www.chalmers.se/safer/EN/news/events/semifot-final-seminar 
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2.3.1 Theoretical progress 

 

Figure 2.2 Theoretical progress layout 

During theoretical progress as it illustrates in figure 2.2, after defined the goal of this 

thesis, a description was made, which detailed the planning and procedures of the 

further experiment, based on literature studies. Moreover, during the description 

phase, three variables and one variable for checking purpose in the database have 

been decided as the considered variables in this study, which will be discussed in 

section 2.3.1.2. In additional, in order to examine the factors that influence driver‟s 

headway selection as much as possible, one has searched academic papers which 

mainly were simulator-based studies with the key words of secondary task, headway 

selection, and car-following situation to obtain some potential influencing factors. For 

instance, a recent study [Kathy L.M. Broughton, et al. (2007)] investigate whether 

different visibility condition and speed range would affect drivers‟ car-following 

decision has claimed that the higher mean vehicle speed often associated with longer 

mean time headway. Therefore, vehicle speed range could be an influencing factor on 

drivers‟ headway selection.  

2.3.1.1 Considered factors 

2.3.1.1.1 Literature findings 

Based on researches conducted previously [Mark Brackstone (2009), Kathy L.M. 

Broughton et al. (2007), and Sirpa Rajalin et al. (1997)], four likely influencing 

factors on drivers‟ headway selection were purposed. Detailed as following: 

 Drivers‟ headway selection differs with road characteristic, i.e., highway,            

urban road, and rural road. 

 Drivers‟ headway selection is affected by the type of lead vehicle, i.e., 

passenger car, motorcycle, van, and SUV. 

 Drivers‟ headway selection is impacted by participants‟ vehicle speed range. 

 Drivers‟ headway selection differs with gender. 

It should be mentioned that during literature study, there were many researches have 

been found which focused on one or two specific types of secondary task, such as 

phone-related task. Most of those researches were simulator-based studies, targeted on 

investigating drivers‟ braking performance, which are less contributing to investigate 

drivers‟ headway selection, still these researches may some useful insight for further 

follow-up study of this thesis. Therefore, these literatures are attached in appendix A. 

2.3.1.1.2 Other influencing factors 

This study comprised of diverse secondary tasks. The secondary task classification 

was given by Matias Viström from project SeMiFOT. 

In a second step the secondary tasks, was categorized into three levels based on their 

complexity, the catalogue scheme will be discussed in experimental progress section 

in details. 
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A possible external factor may be gender. Drives were recorded under different 

weather conditions. Thus it is may be possible to suggest if the weather condition 

influences the headway selection.  

Hence, three potential influencing factors have been assumed by the researcher herself 

as following: 

 Drivers‟ headway selection may be influenced by the complexity levels of 

secondary tasks, i.e., complex secondary task, moderate secondary task, and 

simple secondary task. 

 Drivers‟ headway selection may impact by different types of secondary task, 

i.e., phone-related task, passenger-related task, and in-vehicle distraction, etc. 

 Drivers‟ headway selection may vary with different weather conditions, i.e., 

sunny, cloudy, and foggy. 

In summary, seven potential factors have been decided during theory study phase. On 

the basis of their characteristics, these seven factors were further categorized as shown 

in table 2.1. 

Table 2.1 Table of seven factors 

Individual factors Situational factors 

Gender Weather condition 

 Complexity level of secondary task 

  Type of secondary task 

 Participant‟s vehicle speed range 

 Type of lead vehicle 

 Road characteristics 
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2.3.2 Experimental progress 

 

Figure 2.3 Experimental progress layout 

As it indicates in figure 2.3, during experimental progress, one have to take a security 

tutorial first and signed the confidential document before using the database, since the 

SeMiFOT database belongs to several companies and institutions. 

After having got access of the VCC database, the preparation of secondary task 

classification has been done before starting to review the videos. And then, selected 

all the trips from VCC database, and manually reviewed videos based on driver‟s ID 

number. It should be noted that the number of reviewed trips belonging to each driver 

are not equal on quantity. Hence, in order to make the final results reasonable, the 

researcher has tried to review each driver‟s video equally, more specifically, after 

reviewed 30 trips of driver A, then as for driver B, also tried to reviewed 

approximately 30 trips. During the reviewing phase, firstly, checked whether the trip 

contains headway distance data and whether the adaptive cruise control system was 

off, if not, skipped that particular trip. Otherwise, reviewed the videos and marked all 

the secondary task events, which are detailed as possible as the researcher could. The 

table detailing all the found secondary task events is attached in appendix B.  

The next step is to further classify the nine types of secondary task have been found 

into three complexity levels, which are, complex secondary tasks, moderate secondary 

tasks, and simple secondary tasks. The reason to do the classification again is because 

the criterion used before was focusing on the characteristics of different secondary 

tasks, for instance, if there was a cell phone involved, then this event would be 

classified as phone-related task. However, based on many phone-related studies 

[Simon G. Hosking, et al. (2009), Katherine M. White, et al. (2009)], conversing on a 

cell phone may be not as distracted as dialling a phone call or texting message since 

dialling and texting demands more attentions which means more than two button 

presses and/or eye-glances which is also known as complex secondary task. 

Therefore, classifying the secondary tasks according to their requirement of numbers 

of button press and/or eye-glance, in other word, their difficulty levels, makes more 

sense since there were various secondary tasks involved in this study. Take phone-

related task for example, total 15 phone-related tasks were involved in this study, and 

its complexity level is showing as following. It should be noted that the abbreviation 

„ST‟ in table 2.2 refers to secondary task. The table regarding the complexity level for 

all 9 types secondary task is attached in appendix C. 

Table 2.2 Complexity level for phone-related secondary task  

Type of ST Complex ST Moderate ST Simple ST 

Phone-related tasks 10 3 2 

The criterion was defined as following: if the secondary task required more than two 

button presses and/or eye-glances, this secondary task would be labelled as complex 

secondary task; if the secondary task required two button presses and/or eye-glances, 

this particular secondary task would be categorized as moderate secondary task; if the 
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secondary task required less than two button presses and/or eye-glances, then this 

secondary task was simple secondary task. 

Then, all which contained both headway distance data and secondary task events were 

marked. In order to select the wanted data, SQL query was used. In this study, two 

software have been utilized as data selection tool: Simpleviewer and Matlab. The 

Simpleviewer functions as SQL developer which mainly used to view videos. All the 

desired data were selected by Matlab. And all the applied Matlab scripts are attached 

in the appendix D. With the purpose of investigating drivers‟ headway selection, 

headway distance, vehicle speed, time index, and time headway were selected and/or 

calculated as mentioned in the following section. 

2.3.2.1 Variables considered 

2.3.2.1.1 Directly selected variables 

 Time index, which is the time historical line of each trip, and units in 

millisecond. All the desired videos are selected based on time index sequence. 

 Vehicle speed, units in kilo meter per hour. Vehicle speed measures 

participant‟s vehicle relative ground speed. 

 Headway distance, measures the distance from the front of participant‟s 

vehicle to the rear-end of the lead vehicle. Units in meter. It is notably, when 

the headway distance exceeding 120 m, there will be no headway data due to 

limitation of the measurement. Another limitation of this measurement is that, 

there is no headway distance while driving into a roundabout. 

 Adapted cruise control lamp, no unit. ACC lamp acts as a checking criterion in 

this study. In order to investigate the following behaviour of driver, one has to 

ensure that the ACC is off, meaning that is the driver who generate reaction on 

car-following situation without help.  

2.3.2.1.2 Derived variable 

It has been shown that the driver get a longer mean reaction when performing 

secondary tasks [Håkan Alm and Lena Nilsson (1995)]. Thus, it can be assumed that 

the driver compensates for part of the reaction time extension by prolonging the time 

headway to the forward vehicle leaving additional time to react in a safe manner on 

forward traffic flow changes. The time headway was therefore selected as the standard 

measure. 

 Time headway distance, units in second, is generally used in research of 

following behaviour. In this study, time headway obtained by calculation, the 

expression shown as following: 

                 
                    

                   
                    (2.1) 

Due to the influence of data noise, after selected all wanted events, one has checked 

their time headway plots as function of time index to differentiate stationary- and un-

stationary-events. By stationary, meaning the time headway plots were not noisy. To 

minimize the influence of data noise, only events with stationary headway data would 

be used to produce final results. 

After all the wanted data was selected, the mean values of time headway and vehicle 

speed was calculated for each event for further comparison. 
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2.3.3 Analytical progress 

 

Figure 2.4 Analytical progress layout 

During analysis progress, the first step is make the comparison of mean time headway 

values for all selected events with one considered factor at a time, in order to examine 

the seven potential factors defined before. For one particular secondary task event, the 

method applied is showing in figure 2.5. 

 

Figure 2.5 Headway selection comparison for each secondary task event  

As Figure 2.5 illustrates, for one particular event, headway distance, vehicle speed, 

and time index were selected for four individual periods. Assuming the total event 

duration was 20 seconds. Period A refers 10 seconds before the initiating of secondary 

task event. It should be mentioned that in this study, Period A acts as the baseline 

since it represents the normal headway selection without secondary tasks involvement 

in that particular event. Period B represents 5 seconds after the initiating of secondary 

task event. And period C indicates 5 seconds before the ending of secondary task 

event. Finally, period D stands for 10 seconds after finishing the secondary task event. 

It should be noted that the duration of four individual periods is 5 seconds in this 

example. By comparing the mean values of time headway, different following 

behaviours during different periods were derived. More specifically, comparison of 

time headway between period B and A can indicate that negotiation had been taken 

during the initiation of secondary task; comparison between period C and A explains 

the headway distance changing during the end of secondary task; finally a comparison 

between period D and A describes changes in headways after resumed to normal 

driving. Hence, by comparing time headway of all selected events with one potential 
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influencing factor (seven hypothetical factors) at a time could result in different 

following behaviours during different periods.  

As it illustrates in figure 2.4, by comparing the mean values of time headway for all 

selected secondary task events, seven possible headway selection influencing factors 

could be validated, which would further result in an indicator for further study. 
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3 Results 

3.1 Overall database observation 

During this study, total 1411 trips were reviewed. Among these 1411 trips, 70 (5%) 

trips with total duration of 2022 minutes contained headway distance data. In 

addition, 185 secondary task events (total time duration is 237 minutes) were found 

within those 70 trips. Moreover, 24 (30%) out of 70 trips had stationary time headway 

plots with total trip duration of 760 minutes. Total 48 secondary task events were 

found within these 24 trips, with total duration of 22 minutes.  

Within founded 185 secondary task events, 87 events were phone-related task, 48 

events were passenger related task, 29 events were labelled as in-vehicle distraction, 

10 events represented dining and eating task, other 10 events indicated vehicle-related 

task, 8 events were categorized to personal hygiene task, 4 out of 185 events were 

other task, 1 event referred as external-related task, and 1 event belonged to talking 

and singing task. The detailed table of overall database observation is attached in 

appendix E. 

Of 48 secondary task events, 8 (17%) events were double secondary tasks which refer 

as containing more than one type of secondary task during a single event. The 

frequency and common combinations of double secondary task is shown in figure 3.1.  

 

Figure 3.1 Frequency and pattern of double secondary task 

Figure 3.1 demonstrates that most frequent secondary task event is in-vehicle 

distraction which in turn was part of 7 (88%) double secondary task events. It should 

be emphasized that the sizes for each secondary task cell (circle) depend on their 

number of occurrence in total 48 selected events. And the yellow blocks with numbers 

indicate the number of interaction happened between two secondary tasks. 

Other findings regarding to different type of secondary task are attached in appendix 

E. Though these findings are less contributing to drivers‟ headway selection they still 

may provide some insight to further traffic safety studies. 
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3.2 Comparison of secondary task initiating period 

In the following figures, „TH‟ stands for Time Headway, „ST‟ refers to Secondary 

Task, „In.‟ and „De.‟ represent Increase-behaviour respective Decrease-behaviour. 

„VS‟ indicates participant‟s Vehicle Speed. Additional, in the following tables, all 

mean time headway changed values unit by second; „S.D.‟ indicates the Standard 

Deviation of the mean time headway changed value; „Mean.Increase.TH‟ refers to the 

mean increased time headway value, and „Mean.Decrease.TH‟ depicts the mean 

decreased time headway value. 

3.2.1 Gender 

As mentioned in methodology section, there are four male drivers and five female 

drivers participating in this study. In total 48 secondary task events, 22 (46%) events 

were contributed by male drivers, and other 26 (54%) events were done by female 

drivers. 

 

Figure 3.2 Comparison of gender difference during the initiation of secondary task 

It should be mentioned that in this study, 48 secondary task events were found done 

by 9 Volvo drivers. Due to each driver‟s secondary task events were not evenly 

selected which will be discussed in discussion section. Hence the following results 

may affect by one particular driver the most.  

5-10 seconds after the initiation of secondary task, as it depicts in figure 3.2, while 

negotiating a secondary task, the number of increased and decreased behaviour of 

male drivers are identical and equal to 11. In addition, there is a small difference on 

female drivers‟ number of increased and decreased behaviour during the secondary 

task initiating period. Moreover, the mean time headway changed during this period 

for both male and female drivers is shown as following table: 

Table 3.1 Mean time headway changed values for male and female drivers during 

secondary task initiating period 

 Mean. 

Increase. TH  

S.D. Range Mean. 

Decrease. TH 

S.D. Range 

Male 0.11 0.10 0.27 0.06 0.04 0.13 

Female 0.08 0.08 0.23 0.06 0.08 0.26 

As describes in table 3.1, during secondary task initiating period, the mean time 

headway changed values for male and female drivers are relative small and 

resembled. 
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3.2.2 Vehicle speed range 

Within this study, the maximum and minimum vehicle speed occurred is 102.73km/h 

and 4.26km/h, respectively. There are three vehicle speed ranges involved in this 

study, there are, high-speed range within a scope between 81-110km/h; medium-

speed range on a range of 31-80km/h; and low-speed range in a range between 0-

30km/h. It should be noted that these speed ranges were defined by the researcher 

based on common sense on real traffic. In addition, as mentioned in methodology 

section, vehicle speed represents the relative ground speed of participant‟s vehicle. 

During the initiation of secondary task period, 1 event was at low-speed range, 34 

events were at medium-speed range, and 13 events kept their vehicle speed in high-

speed range. Due to lack of low-speed samples, the further comparison will 

concentrate on medium-speed range and high-speed range. 

 

Figure 3.3 Percentage of drivers who increased headway distance under two vehicle 

speed ranges during secondary task initiating period 

As profiled in figure 3.3, during the initiating of secondary task period, at both 

medium- and high-speed range, the percentages of drivers who increased their 

headway distance to the forward vehicle are similar for two vehicle speed ranges. 

Table 3.2 Mean time headway changed values for two vehicle speed ranges during 

secondary task initiating period 

 Mean.Increase.TH  S.D Range Mean.Decrease.TH  S.D. Range 

Medium-

speed 

range 

0.10 0.09 0.28 0.07 0.06 0.25 

High-

speed 

range 

0.09 0.10 0.24 0.04 0.53 0.16 

Shown by table 3.2, the mean time headway changed values for two speed ranges are 

resembled. Notably, the mean decreased time headway value at high-speed range 

indicates a relative large difference to its standard deviation. This may be caused by 

the amount of high-speed range sample is small. 



CHALMERS, Applied Mechanics, Master‟s thesis 2010:61 
13 

3.2.3 Weather condition 

There were five type of weather conditions appeared in this study, sunny, cloudy, 

raining, snowing, and foggy. It should be emphasized that there was no night situation 

in this study. The overall number of occurrence for five weather conditions is shown 

in table 3.3. 

Table 3.3 Number of occurrence for five weather conditions during secondary task 

initiating period 

Sunny Cloudy Raining Snowing Foggy 

26 13 2 1 6 

Due to lack of samples for raining and snowing condition, further comparison will not 

consider these two weather conditions. 

 

Figure 3.4 Percentage of drivers who increased headway distance for three weather 

conditions during secondary task initiating period 

As illustrates in figure 3.4, under foggy weather, drivers who drove on a cloudy day 

intended to increase their headway distance. In contrast, only 38% drivers who drove 

on a sunny day chose to increase their headway distance. In addition, 50% drivers 

who drove on foggy day increased their headway distance to the forward vehicle 

during the initiation of secondary task. 

Table 3.4 Mean time headway changed values for three weather conditions during 

secondary task initiating period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Sunny 0.12 0.11 0.27 0.07 0.05 0.15 

Cloudy 0.08 0.07 0.22 0.07 0.10 0.25 

Foggy 0.03 0.01 0.02 0.04 0.05 0.10 

As table 3.4 displays, the mean values of increased time headway degrade by the 

following sequence, sunny, cloudy, and foggy. In contrast, the mean decreased time 

headway values for three weather conditions are similar during this period. 
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3.2.4 Road characteristics 

Three types of road were involved in this study, highway, rural road, and urban road. 

Among 48 events, 21 events happened on highway, 25 events occurred on rural road, 

and 2 events recorded on urban road. As consequence, urban road condition will be 

excluded in the following comparison. 

 

Figure 3.5 Percentage of drivers who increased headway distance for two road types 

during secondary task initiating period 

As demonstrates in figure 3.5, during the first 5-10 seconds of secondary task, drivers 

who drove on rural road were more likely to increase their headway distance 

compared to drivers who drove on highway. 

Table 3.5 Mean time headway changed values for two road characteristics during 

secondary task initiating period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH S.D. Range 

Highway 0.13 0.09 0.23 0.07 0.07 0.05 

Rural 

Road 

0.06 0.07 0.22 0.05 0.25 0.16 

As indicated in previous sections, the mean decreased time headway is generally 

smaller than its associated mean increased time headway. Additionally, the mean 

increased time headway on highway is approximately twice as it on rural road. 
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3.2.5 Complexity level of secondary task 

In summary, three difficulty levels of secondary tasks were defined in this study, 

complex secondary task, moderate secondary task, and simple secondary task. 33 out 

of 48 events were classified as complex secondary task, 9 out of 48 events labelled as 

moderate secondary task, and 6 events were simple secondary task. 

 

Figure 3.6 Percentage of drivers who increased headway distance of three levels of 

secondary task during secondary task initiating period 

Figure 3.6 reveals that while engaging in different levels of secondary task, the less 

demanding the secondary task requires the greater tendency on increasing headway 

distance.  

Table 3.6 Mean time headway changed values for three secondary task complexity 

levels during secondary task initiating period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH  S.D. Range 

Simple 

secondary 

task 

0.12 0.12 0.28 0.03   

Moderate 

secondary 

task 

0.08 0.07 0.16 0.07 0.04 0.07 

Complex 

secondary 

task 

0.09 0.09 0.26 0.07 0.07 0.25 

As shown in table 3.6, it should be mentioned that there is no standard deviation and 

range for mean decreased time headway when performing simple secondary task. It is 

due to there was only one event for simple secondary task which driver decreased 

headway distance. In addition, the mean time headway changed values for three 

secondary task complexity levels during secondary task initiating period are similar 

and relative small. 
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3.2.6 Types of secondary task 

Within 48 events, 9 types of secondary task were found, there are, phone-related task, 

passenger-related task, in-vehicle distraction task, vehicle-related task, dining and 

eating, personal hygiene, talking and singing, others, and external distraction task. 

The amount of each secondary task and percentage of each secondary task‟s duration 

in total secondary task duration are shown in following figures: 

 

Figure 3.7Percentage of different secondary task duration in total secondary task 

duration 

 

Figure 3.8 Amount of occurrence of nine type secondary task 

It should be mentioned that there is no information of external distraction task in both 

figure 3.7 and figure 3.8 due to the only one external distraction task has been 

reviewed and it was labelled as double secondary task. In addition, double secondary 

task refers to the secondary task event contained two types of secondary task at a 

time. As presented in figure 3.8, the amount of talking and singing, dining and eating, 

personal hygiene, and others is small, therefore, further comparison will focus on 

passenger-related, in-vehicle distraction, phone-related task, vehicle-related task, and 

double secondary task. 
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Figure 3.9 Percentage of drivers who increased headway distance of five types of 

secondary task during secondary task initiating period 

 

Figure 3.10 Number of increase-behaviour for five types of secondary task during 

secondary task initiating period 

As it indicates in figure 3.9 and 3.10, 5-10 seconds after the initiation of secondary 

task, drivers who were engaging to either an in-vehicle distraction task or a double 

secondary task showed no difference in their increase-behaviour (50%). Moreover, 

there is a slight following difference while doing a phone-related secondary task 

compared to two types of secondary mentioned before. However, when performing a 

passenger-related task, the majority of drivers (71%) chose to increase their headway 

distance. In contrast, only 33% drivers who were involving in a vehicle-related 

secondary task intended to increase their headway distance. 
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Table 3.7 Mean time headway changed values for five types of secondary task during 

secondary task initiating period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Phone-

related 

task 

0.09 0.07 0.20 0.08 0.09 0.25 

Passenger-

related 

task 

0.12 0.11 0.26 0.07 0.05 0.07 

In-vehicle 

distraction 

0.13 0.13 0.23 0.06 0.04 0.07 

Vehicle-

related 

task 

0.09 0.10 0.15 0.02 0.02 0.05 

Double 

secondary 

task 

0.04 0.01 0.03 0.09 0.06 0.15 

Table 3.7 indicates that the maximum mean increased time headway occurred while 

doing passenger-related task, yet, the minimum value associated with in-vehicle task. 

Additionally, the maximum mean decreased time headway value related to double 

secondary task during secondary task initiating period. 
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3.3 Comparison of secondary task ending period 

In the following figures, „TH‟ stands for Time Headway; „ST‟ refers to Secondary 

Task, „In.‟ and „De.‟ represent Increase-behaviour respective Decrease-behaviour. 

„VS‟ indicates participant‟s Vehicle Speed. Additional, in the following tables, all 

mean time headway changed values unit by second; „S.D.‟ indicates the Standard 

Deviation of the mean time headway changed value; „Mean.Increase.TH‟ refers to the 

mean increased time headway value, and „Mean.Decrease.TH‟ depicts the mean 

decreased time headway value. 

3.3.1 Gender 

 

Figure 3.11 Comparison of gender difference during secondary task ending period 

During 5-10 seconds before the end of secondary task, as illustrated in figure 3.11, 11 

(50%) of male drivers and 14 (54%) of female drivers increased their headway 

distance which exhibits a resemble trend compared to the secondary task initiating 

period. 

Table 3.8 Mean time headway changed values for male and female drivers during 

secondary task ending period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Male 0.18 0.16 0.40 0.11 0.10 0.35 

Female 0.12 0.11 0.32 0.11 0.08 0.24 

As indicated in table 3.8, for female drivers, similar to the findings for secondary task 

initiating period, the mean time headway changed values for male and female drivers 

are resembled and relative small during secondary task ending period. 
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3.3.2 Vehicle speed range 

 

Figure 3.12 Percentage of drivers who increased headway distance for two vehicle 

speed ranges during secondary task ending period 

Similar to secondary task initiating period, during secondary task ending period 52% 

drivers drove at medium-speed range increased their headway distance, 44% drivers 

drove at high-speed range increased their headway distance as well.  

Table 3.9 Mean time headway changed values for two speed ranges during secondary 

task ending period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Medium-

speed 

range 

0.13 0.13 0.38 0.12 0.10 0.35 

High-

speed 

range 

0.16 0.15 0.39 0.10 0.08 0.24 

Table 3.9 indicates that the mean time headway changed values for two speed ranges 

are resembled and relative small which similar to secondary initiating period. 
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3.3.3 Weather condition 

 

Figure 3.13 Percentage of drivers who increased headway distance for three weather 

conditions during secondary task ending period 

As presented in figure 3.13, during secondary task ending period, there is a tendency 

demonstrating that drivers who drove on foggy day were more likely increased their 

headway distance to the forward vehicle compared to other two weather conditions. 

This finding differs to the finding for secondary task initiating period. 

Table 3.10 Mean time headway changed values for three weather conditions during 

secondary task ending period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Sunny 0.19 0.16 0.39 0.13 0.07 0.24 

Cloudy 0.16 0.09 0.25 0.09 0.13 0.35 

Foggy 0.04 0.06 0.13 0.12 0.08 0.11 

As exhibited in table 3.10, the argument, which claimed that the mean time headway 

changed values are relative small and similar to each other is verified. Note worthily, 

the mean increased time headway under sunny condition is thrice as the mean 

increased value under foggy condition which probably due to fewer samples of foggy 

weather. 
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3.3.4 Road characteristics 

 

Figure 3.14 Percentage of drivers who increased headway distance for two road 

characteristics during secondary task ending period 

As illustrated in figure 3.14, during the ending period of secondary task, the 

percentages of drivers who increased their headway distance to the forward vehicle 

for two road types are resembled. Notably, drivers who drove on highway were more 

likely to increase their headway distance during secondary task ending period 

compared to secondary initiating period. 

Table 3.11 Mean time headway changed values for two road types during secondary 

task ending period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Highway 0.17 0.13 0.37 0.10 0.07 0.18 

Rural 

Road 

0.13 0.14 0.40 0.10 0.08 0.24 

During secondary task ending period, not much difference was found on mean time 

headway changed values for two road types. 
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3.3.5 Complexity level of secondary task 

 

Figure 3.15 Percentage of drivers who increased headway distance of three levels of 

secondary task during secondary task ending period 

As indicated in figure 3.15, differs to secondary task initiating period, during 

secondary ending period, only 33% drivers who were engaging to a simple secondary 

task chose to increase their headway distance. In contrast, the percentages of drivers 

increased their headway distance for other two complexity levels of secondary task 

exhibit resembled trend compared to secondary task initiating period. 

Table 3.12 Mean time headway changed values for three levels of secondary task 

during secondary task ending period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH  S.D. Range 

Simple 

secondary 

task 

0.24 0.19 0.26 0.07 0.06 0.15 

Moderate 

secondary 

task 

0.10 0.11 0.25 0.10 0.09 0.16 

Complex 

secondary 

task 

0.15 0.14 0.39 0.12 0.09 0.35 

Similar as it showed in table 3.12, the mean increased time headway while engaging 

to a simple secondary task in higher than other two levels during secondary task 

ending period. 
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3.3.6 Types of secondary task 

 

Figure 3.16 Percentage of drivers who increased headway distance of five types of 

secondary task during secondary task ending period 

 

Figure 3.17 Number of increase-behaviour for five types of secondary task during 

secondary task initiating period 

Demonstrated by figure 3.16 and figure 3.17, 5-10 seconds before the end of 

secondary task, drivers who were performing phone-related task, passenger-related 

task, as well as double secondary task showed the same trends comparing with 

secondary task initiating period. Yet, drivers‟ increased behaviour is different during 

this period while performing in-vehicle task and vehicle-related task. 
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Table 3.13 Mean time headway changed values for five secondary tasks during 

secondary task ending period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Phone-

related 

task 

0.14 0.10 0.26 0.09 0.08 0.19 

Passenger-

related 

task 

0.17 0.15 0.38 0.10 0.10 0.15 

In-vehicle 

distraction 

0.32   0.10 0.06 0.13 

Vehicle-

related 

task 

0.08 0.12 0.21 0.17 0.17 0.30 

Double 

secondary 

task 

0.14 0.18 0.39 0.15 0.11 0.24 

Compared with secondary task initiating period, the maximum mean decreased time 

headway related to vehicle-related task. Still, the maximum mean increased time 

headway occurred during in-vehicle distraction task. It should be mentioned that there 

is no standard deviation and range for mean increased time headway for in-vehicle 

distraction, since only one event was increased headway distance. 
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3.4 Comparison of resuming to normal period 

In the following figures, „TH‟ stands for Time Headway; „ST‟ refers to Secondary 

Task, „In.‟ and „De.‟ represent Increase-behaviour respective Decrease-behaviour. 

„VS‟ indicates participant‟s Vehicle Speed. Additional, in the following tables, all 

mean time headway changed values unit by second; „S.D.‟ indicates the Standard 

Deviation of the mean time headway changed value; „Mean.Increase.TH‟ refers to the 

mean increased time headway value, and „Mean.Decrease.TH‟ depicts the mean 

decreased time headway value. 

3.4.1 Gender 

 

Figure 3.18 Comparison of gender differences during resume to normal period 

It should be mentioned that there were total 4 events missing headway data during this 

period. Despite the missing events, the numbers of increased and decreased behaviour 

for male drivers are still similar. However, for female drivers, 16 out of 25 events 

increased their headway distance during this period. 

Table 3.14 Mean time headway changed values for male and female drivers during 

resume to normal period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH S.D. Range 

Male 0.14 0.14 0.46 0.10 0.11 0.34 

Female 0.20 0.14 0.40 0.15 0.13 0.46 

As it demonstrated previously, the mean time headway changed values for male and 

female drivers are related small and resembled. 
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3.4.2 Vehicle speed range 

 

Figure 3.19 Percentage of drivers who increased headway distance for two vehicle 

speed ranges during resume to normal period 

As shown in figure 3.19, the percentages of drivers who increased their headway 

distance for two speed range are still similar to each other during resume to normal 

period. 

Table 3.15 Mean time headway changed values for two speed ranges during resume 

to normal period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Medium-

speed 

range 

0.16 0.15 0.46 0.11 0.12 0.35 

High-

speed 

range 

0.19 0.14 0.31 0.16 0.16 0.44 

Similar to other two periods, the mean time headway changed values for two speed 

ranges during resume to normal period are resembled and relative small. 
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3.4.3 Weather condition 

 

Figure 3.20 Percentage of drivers who increased headway distance for three weather 

conditions during resume to normal period 

Compared to secondary task initiating period, drivers‟ headway selection is similar on 

sunny day. Moreover, drivers‟ headway selection on cloudy day is similar with 

secondary task ending period. However, drivers‟ headway selection is quite different 

under foggy condition compared with both secondary task initiating period and 

secondary task ending period, which instead of 62% during secondary task initiating 

period and 67% during secondary task ending period, 20% drivers who drove at foggy 

day increased their headways. 

Table 3.16 Mean time headway changed values for three weather conditions during 

resume to normal period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Sunny 0.15 0.17 0.46 0.13 0.11 0.37 

Cloudy 0.21 0.14 0.40 0.18 0.17 0.45 

Foggy 0.16   0.06 0.09 0.19 

As it demonstrated in table 3.16, similar to the findings previously, the mean time 

headway changed values are relative small. Additionally, compared with secondary 

task initiating period and ending period, the mean increased value is rose 

proportionally under foggy condition. It should be mentioned that there is no standard 

deviation and range for mean increased time headway under foggy condition, since 

only one event was increased headway distance. 
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3.4.4 Road characteristics 

 

Figure 3.21 Percentage of drivers who increased headway distance for two road 

characteristics during resume to normal period 

Differentiates from secondary task initiating period and secondary task ending period, 

after resume to normal driving, 47% drivers drove on highway and 36% drivers drove 

on rural road increased their headways. 

Table 3.17 Mean time headway changed values for two road types during resume to 

normal period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH S.D. Range 

Highway 0.21 0.14 0.40 0.11 0.09 0.29 

Rural 

Road 

0.12 0.15 0.46 0.14 0.14 0.46 

As depicted in table 3.17, after resume to normal driving, drivers tended to adjust 

greater on their choice of headways compared with secondary task initiating period 

and secondary task ending period since the mean values of increased- and decreased 

time headway are higher than their associated values during other two periods. 
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3.4.5 Complexity level of secondary task 

 

Figure 3.22 Percentage of drivers who increased headway distance of three levels of 

secondary task during resume to normal period 

After resume to normal driving, as it demonstrated in figure 3.22, 33% drivers who 

were engaged a simple secondary task increased their headways which is similar to 

secondary task ending period. In addition, differs to other two periods, the increase-

behaviour for the drivers who were engaged in a moderate secondary task reduces 

from 56% to 33%. And 43% drivers who were involved in a complex secondary task 

increased their headway distance to the forward vehicle. 

Table 3.18 Mean time headway changed values for three levels of secondary task 

during resume to normal period 

 Mean.Increase.TH S.D. Range Mean.Decrease.TH S.D. Range 

Simple 

secondary 

task 

0.32 0.21 0.30 0.06 0.02 0.04 

Moderate 

secondary 

task 

0.19 0.10 0.20 0.10 0.10 0.21 

Complex 

secondary 

task 

0.14 0.14 0.43 0.16 0.14 0.45 

As it shows in table 3.18, compared to secondary task ending period, the same 

increased value trend for three complexity levels also found during resume to normal 

period. However, there is an opposite tendency in mean decreased values for three 

complexity levels compared to increased values during resume to normal period. 
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3.4.6 Types of secondary task 

 

Figure 3.23 Percentage of drivers who increased headway distance of five types of 

secondary task during resume to normal period 

 

Figure 3.24 Number of increase-behaviour for five types of secondary task during 

resume to normal period 

Compared to other two periods, after resume to normal driving, drivers who once 

involved in a phone-related task or a passenger-related task indicate similar headway 

selection. Drivers‟ headway selection after performed an in-vehicle task resembled to 

secondary task ending period. And after did a vehicle-related secondary task, there 

was a slightly difference in drivers‟ headway selection compared to other two periods. 

However, 33% drivers who performed a double secondary task intended to increase 

their headway distance after resume to normal which is different compared with other 

two periods. 
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Table 3.19 Mean time headway changed values for five types of secondary task during 

resume to normal period 

 Mean.Increase.TH  S.D. Range Mean.Decrease.TH  S.D. Range 

Phone-

related 

task 

0.21 0.14 0.37 0.16 0.15 0.46 

Passenger-

related 

task 

0.08 0.08 0.18 0.10 0.14 0.19 

In-vehicle 

distraction 

0.38   0.09 0.07 0.18 

Vehicle-

related 

task 

0.13 0.12 0.16 0.17 0.16 0.32 

Double 

secondary 

task 

0.14 0.03 0.05 0.15 0.17 0.36 

As indicated in table 3.19, the maximum mean increased time headway value during 

resume to normal period related to in-vehicle distraction task, and the maximum mean 

decreased time headway value occurred during vehicle related task. This trend is 

similar to the findings during secondary task ending period. It should be mentioned 

that there is no standard deviation and range for mean increased time headway for in-

vehicle distraction, since only one event was increased headway distance. 
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4 Discussion 

During this study six hypothetical situational factors and one individual influencing 

factor were examined. As one expected, some of the factors have been validated as 

the more likely influencing factors to drivers‟ headway selection. However, among 

those more likely influencing factors, some of them have been found impacted 

drivers‟ headway selection while negotiating to secondary tasks in an unexpected 

way. 

4.1 Considered factors discussion 

4.1.1 Drivers’ headway selection may be affected by driver’s gender 

Rejected: Little evidence supporting this argument was found in this study. 

During this study, there was no gender difference found among three compared 

periods.  Results showed that when following a lead vehicle, despite other situational 

factors, the percentages of increase- and decrease-behaviour during three periods are 

approximately 50%. In contrast, the previous research [Sirpa Rajalin, et al, (1997)] 

has claimed that there is a gender difference in close-following situation with 73% 

males and 27% females were labelled as close-following drivers. Moreover, there is 

no literature was found verified gender difference in car-following situation in real-

traffic. Obviously, combine with the finding in this study, while following a lead 

vehicle, there is no clear difference between the choice made by male driver and 

female driver. On the other hand, another potential individual factor influencing 

drivers‟ headway selection was examined by a recent study [Rui Ni, et al. (2010)] 

which claimed that the greatest decline occurred at moderate speeds under the highest 

fog density condition with older drivers keeping a headway distance that was 21% 

closer than younger drivers. Due to the age of 7 drivers whose age have been record in 

the VCC database are similar, no age-related comparison could be made during the 

study. Therefore, for further investigation in drivers‟ headway selection, one may 

validate age difference as an alternative individual factor instead of gender.  

4.1.2 Drivers’ headway selection may be affected by different 

ranges of vehicle speed 

Rejected: Fewer findings are supporting this argument. 

Combining the results for three individual periods, the range of vehicle speed seems 

have no impact on drivers‟ headway selection during car-following in real-traffic. 

Though all three secondary task related periods, the percentages of drivers who 

increased their headway distance to the forward vehicle are similar and approximate 

to 50%. In addition, the mean time headway changed values for two compared vehicle 

speed ranges during three periods are relative small and resembled within the same 

period. However, there actually were three speed ranges have been set up during this 

study, due to the less amount of low-speed range samples, the influence of low-speed 

range on drivers‟ headway selection was unknown and should be continued to 

investigate in further research. 
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4.1.3 Drivers’ headway selection might vary with different weather 

condition 

Confirmed: some evidences were found sustaining this argument. 

Results validated that weather condition might be an influencing factor on drivers‟ 

headway selection during car-following while negotiating to secondary tasks in real-

traffic. A study conducted previously [Kathy L.M. Broughton, et al. (2007)] has 

demonstrated that drivers intended to increase their headway distance while the 

visibility (three visibility conditions, clear, fog1, and fog2) of the weather reduced. 

This conclusion has been confirmed during both secondary task initiating period and 

secondary task ending period which indicates that the percentage of increase-

behaviour elevated as the following sequence: sunny, cloudy, and foggy. However, 

during resume to normal period, the majority (80%) at foggy day decreased their 

headway distance which may be caused by fewer samples of foggy condition. In 

addition, other two general weather conditions (rain and snow) occurred in this study 

were not compared because of fewer associated samples. 

4.1.4 Drivers’ headway selection might differ with road 

characteristics 

Confirmed: some findings are sustaining this argument 

As concluded in result section, during secondary task initiating period, when driving 

on highway, fewer drivers intended to increase their headways. However, there was 

no evidence supporting different headway selection during secondary task ending 

period for two road characteristics. At last, during resume to normal period, 36% 

drivers on rural road increased their headways. A previous research [Bor-Shong Liu 

and Yung-Hui Lee (2006)] has demonstrated that the mean response time of drivers 

was markedly increased (11.9%) on urban road compared to motorway which implies 

that drivers‟ headway selection may be different on urban road compared to 

highways. Although there were events recorded on urban road, the amount of samples 

was small, so that no comparisons were produced in this study. Follow-up study 

should contain urban road situation. 

4.1.5 Drivers’ headway selection might be influenced by the 

complexity levels of secondary task 

Confirmed: some evidences were found to support this argument 

It has been proved that there was a relative large difference in drivers‟ headway 

selection during three individual periods while doing a simple secondary task 

compared to moderate and complex secondary task. More specifically, during 

secondary task initiating period, while engaging in a simple secondary task, drivers 

were most likely to increase their headway distance compared to moderate and 

complex secondary task situation. Whereas, during secondary task ending period and 

resume to normal period, drivers who were engaged in a simple secondary task 

intended to decrease their headways compared to secondary task initiating period. 
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4.1.6 Drivers’ headway selection might be affected by types of 

secondary task 

Confirmed: some findings are supporting this argument 

Findings indicated that the types of secondary task might have influence on drivers‟ 

headway selection during different secondary task related periods.  During secondary 

task initiating and ending period, most of the drivers (71%) who were engaging in a 

passenger-related task would increase their headway distance, whereas, 47% drivers 

who were performing a phone-related task would increase their headways during 

these two periods. This result in some way indicates that passenger-related task may 

be more distracted than phone-related task which also has been demonstrated by a 

previous study [William Consiglio, et al, (2003)]. 

4.1.7 Drivers’ headway selection might be impacted by the types of 

lead vehicle 

Unknown: one has failed to verify this hypothesis 

It was the researcher‟s intention to examine whether types of lead vehicle is a likely 

influencing factor on drivers‟ headway selection. Yet, during this study, most of the 

events were following passenger cars (see table 4.1) which make it impossible to 

conclude representative result. As a result, one has failed to validate this factor. 

Table 4.1 Amount of different types of lead vehicle 

Passenger cars Motorcycle Van SUV 

43 2 1 2 

However, other study [Mark Brackstone, et al, (2009)] has examined this factor before 

which concluded that in general drivers intended to follow closer to trucks/vans than 

cars. However, it should be mentioned that the study conducted by Mark Brackstone 

was not targeted on the compensation taken by drivers who were engaging to 

secondary tasks. Hence, the types of lead vehicle may have different influence on 

drivers‟ headway selection while performing a secondary task compared to normal 

driving. Despite this difference, further investigation on drivers‟ headway selection 

should still consider types of lead vehicle as a potential influencing factor. 
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4.2 Methodological issues 

As mentioned in methodology section, several limitations were made in this study. 

Firstly, the amount of samples is small (48 events). So that the results concluded 

before did not have statistical significance. Furthermore, some effect might be 

amplified due to fewer samples. For example, when comparing different weather 

condition, the amount of foggy samples was much smaller than sunny and cloudy 

conditions. As a result, the following behaviour under fog condition might be 

amplified.  

The reason for such small amount of samples is caused by two issues: firstly, since the 

source of this study is a naturalistic and field operational test database, the scenario 

within the study cannot be controlled as in a simulator-based study. In other word, 

during this study, instead of producing (managing) an appropriate scenario, one has to 

find the better scenario in the database which suits the combination of following 

situation and a secondary task. Consequently, the sample quantity for each condition 

was not evenly selected; one potential factor which is type of lead vehicle even could 

not be validated due to this issue; secondly, the method utilized in this study for 

determining the desired events was depended on several parameters: first, the video 

should have a secondary task event containing headway distance data; second, the 

adaptive cruise control was off; finally, the headway data selected during all three 

periods should be stationary, which means the plots of time headway as function to 

time index were not noisy. By doing so, there was only few events (48 out of 185) left 

and could further be compared. 

Another limitation is that the videos in VCC database did not contain audio data, 

which may result in some errors during classifying different type of secondary task. 

For instance, driver appeared talking while wearing a head set, it was difficult to 

judge either the driver was talking through a phone or talking to a passenger or just 

simply talking to himself/herself. Additionally, there was no eye-tracker data involved 

in VCC database, and the resolution ratio of the video was relative low. Yet, the 

classification of complexity levels of secondary task was depending on these two 

parameters. Hence, there might be some errors occurred during the video reviewing 

phase.  

In addition, no video was found under night condition, which might lead to another 

influencing factor for drivers‟ headway selection. 

In summary, the results have been concluded in this study only can be used as an 

indicator which points out which factors were more likely affecting drivers‟ headway 

choice for follow-up study in drivers‟ headway selection area. 
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5 Conclusion 

This study used the SeMiFOT naturalistic and field operational test database, to 

examine seven potential factors that may have influence on drivers‟ headway 

selection while engaging in a secondary task during a car-following situation. A total 

of 9 Volvo drivers contributed 48 secondary-task events for 22 minutes. Overall, 

seven potential influencing factors were examined in this study. The conclusion 

obtained from this study are not statistically significant but can be used as an indicator 

for the follow-up research to determine a possible predictor for driver car-following 

behaviour to be used for active safety systems development. 

 In summary, the main conclusions from this study are shown in table 5.1: 

Table 5.1 More likely and less likely influence factors on drivers’ headway selection 

More likely influencing factors Less likely influencing factors 

Weather condition Gender 

Road characteristics Participant‟s vehicle speed range 

Complexity level of secondary task  

Type of secondary task  

 

 In real-traffic, drivers did not necessarily increase their headway distance to 

forward vehicle as a compensation for engaging to secondary tasks. In 

addition, the compensated time headway values are smaller than we 

anticipated. 

Further studies should, on the basis of this study‟s conclusion examine the missing 

factors in this study and re-examine the confirmed factors with a larger data set to 

produce more representative and statistical significant result. Despite the samll 

amount of data, these results still suggest that a change of time headway cannot be 

used as an indicator of secondary tasks engagement leading to distraction. Our results 

agree with a previous study [Thomas A. Ranney (1999)] which demonstrates that a 

driver following behaviour predictor, not only requires knowledge on traffic 

engineering, but also demands drivers‟ psychological factor as an supplement. In 

conclusion, this study highlights how difficult it is to develop an accurate predictor for 

secondary task engagement during car-following. Specifically, this study shows how 

the development of such predictor would, not only require very large amount of real-

traffic data, but also good data quality. 
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7 Appendix 

A: Secondary task literature study table 
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B: Detailed secondary task table 
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C: Table of complexity level for 9 types of secondary tasks 

Note: abbreviation „ST‟ indicates secondary task 

Type of ST Complex ST Moderate ST Simple ST 

Phone-related 10 3 2 

Passenger-

related 

3 4  

Others 1   

Personal 

Hygiene 

1   

In-vehicle 

distraction 

2 1 3 

Vehicle-related 6   

Dining, Eating 1 1 1 

Talking, Singing 1   

Double ST 8   
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D: Matlab scripts 
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E: Secondary task tables 

 

 

 

 


