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Abstract 

While driving simulators allow for the examination of a range of driving performance measures in a controlled, relatively realistic 
and safe driving environment, driver distraction is a multidimensional phenomenon which means that no single driving performance 
measure can capture all effects of distraction. Furthermore, the large number of driving related outcomes each simulator provides, 
indicates that the decision regarding which measure or set of measures is used should be guided by specific criteria. The objective 
of this paper is a comprehensive review of driving performance parameters critical for distracted driving research. For this purpose 
an extended literature review took place in order to investigate the critical parameters which are examined in the scientific field of 
driver distraction. Firstly, all driving performance parameters examined in driving simulator experiments are identified and 
analysed including lateral control, longitudinal control, reaction time, gap acceptance, eye movement and workload measures, 
while a list of the most common driving simulator dependent variables is cited. Subsequently, a thorough literature review is carried 
out including 42 studies examining driver distraction through driving simulator experiments which were published in scientific 
journals, concern recent research and report quantitative results. In this framework, the respective driving performance measures 
are recorder aiming to investigate which and how they are analysed. A basic remark concerns the quantitative measures used to 
express driver distraction. In most cases, driver distraction is measured in terms of its impact to driver attention, driver behaviour 
and driver accident risk. It is noted that the specific measures used vary significantly. However, the diversity in the measures used, 
in combination with the diversity in the design of the experiments (i.e. road and traffic factors examined, number and duration of 
trials) often complicates the synthesis of the results, especially for the less commonly examined distraction factors. 
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2.1.2 Headway 

Headway or vehicle following measures are also commonly employed in driver distraction research. Several 
measures have been commonly used including mean headway (distance or time based), minimum headway and 
standard deviation of headway. Headway is an indication of the safety margin that drivers are willing to accept, and 
thus, short headways are often interpreted as being indicative of degraded driving performance and a measure of high 
secondary task load (Regan et al., 2008). 

A number of studies has shown, however, that drivers tend to adopt longer headways when interacting with 
secondary tasks, particular visual tasks (Greenberg et al., 2003; Östlund et al., 2004). For example, drivers engaging 
in a cognitively demanding cell phone conversation often maintain longer headway distance in a car-following 
situation as compared to when driving without a distraction task (Ranney et al., 2005; Strayer et al., 2003; Strayer and 
Drews, 2004). Furthermore, the distribution of headways for a given driver may reflect following preferences and the 
need to respond to surrounding traffic. Drivers who maintain a greater headway may have others pull into their 
headway gap. Certain drivers attempt to block others from pulling into a gap ahead, though at this point, there has 
never been a scenario designed to assess this behaviour (Dudek et al., 2006). 

2.2. Lateral control measures 

Lateral Control Measures assess how well drivers maintain vehicle position within a lane. These include lateral 
position, standard deviation of lateral position and steering wheel metrics. Lateral control measures can be sensitive 
to eyes off the road from distractions, perceptual-motor declines, and some cognitive declines. However, lateral 
control measures are also affected by the handling characteristics of the driving simulator, and the simulator vehicle 
may differ markedly from the one that the participant normally drives. More specifically, drivers may have more 
problems adapting to these differences in handling, and this may be especially problematic when frequent right and 
left turns are required. Consequently, it is vital that participants are given adequate practice so that they can get used 
to how the simulator vehicle handles (Regan et al., 2008). 

 
2.2.1 Lateral position 
 
Lateral position or Lane keeping refers to the position of the vehicle on the road in the relation to the center of the 

lane in which the vehicle is travelling. Decrements in lateral position control are used as a measure of secondary task 
load when evaluating the effect on in-vehicle distractions sources on driving performance (Greenberg et al., 2003; 
Green et al., 2004). An interesting finding with respect to lateral position is that moderate levels of cognitive load 
have been shown to lead to more precise lateral position, by reducing lane keeping variation (Engrom et al., 2005).  

In two meta-analyses of the effect of cell phone usage on driver performance, Horrey & Wickens (2006) and Caird 
et al. (2008) found only a modest effect of distraction on lateral control, suggesting that cell phone conversation has 
minimal effect on lane keeping. A possible reason for these mixed findings is that the effects of distraction on lane 
keeping performance depend on the modality and demand of the secondary tasks. Visual, manual and cognitive 
distraction apparently have different effects on lane keeping performance (Liang & Lee, 2010) 

 
2.2.2 Steering wheel control 
 
Measures of steering wheel control have been used extensively in many forms of driving research. These include 

standard deviation of steering wheel angle, steering wheel reversal rate, steering wheel action rate, steering entropy. 
In driver distraction and workload research, steering wheel movements are considered to be an indicator of a secondary 
task load. When driving without any distraction source, drivers make a number of small corrective steering wheel 
movements to maintain lateral position while in distracted driving drivers often make a number of large and abrupt 
steering wheel movements to correct driving errors (Regan et al., 2008; Brooks et al., 2005; McGehee et al., 2004)).    

In addition, cognitive distraction was found to increase steering wheel manipulation (Ranney et al., 2005; Seppelt 
and Wickens, 2003). In an on-road driving study, an auditory continuous memory task significantly increased the 
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1. Introduction 

Road accidents constitute a major social problem in modern societies, accounting for more than 1.2 million fatalities 
in 2013 worldwide (WHO, 2014). Furthermore, human factors are the basic causes in 65-95% of road accidents (Sabey 
and Taylor, 1980; Salmon et al., 2011; Treat, 1980). The remaining factors include the road environment (road design, 
road signs, pavement, weather conditions etc.) and the vehicles (equipment and maintenance, damage etc.), as well as 
combinations of these three contributory factors. 

Driver distraction constitutes a particular human factor of road accident causation. Driver distraction is generally 
defined as “a diversion of attention from driving, because the driver is temporarily focusing on an object, person, task 
or event not related to driving, which reduces the driver’s awareness, decision making ability and/or performance, 
leading to an increased risk of corrective actions, near-crashes, or crashes” (Regan et al., 2008). More specifically, 
driver distraction involves a secondary task, distracting driver attention from the primary driving task (Donmez et al., 
2006; Sheridan, 2004) and may include four different types: physical distraction, visual distraction, auditory distraction 
and cognitive distraction. 

The objective of this paper is a comprehensive review of driving performance parameters critical for distracted 
driving research. For this purpose an extended literature review took place in order to investigate the critical parameters 
which are examined in the scientific field of driver distraction. The paper is structured as follows. In the beginning, 
driving performance measures examined are presented and analysed including lateral control, longitudinal control, 
reaction time, gap acceptance, eye movement and workload measures. Then, an extended literature review is carried 
out regarding all available experiment types of assessing driver distraction. In the next step, a review of driving 
simulator studies on driver distraction is presented, based on specific selection criteria. More specifically, studies 
reviewed examine driver distraction through driving simulator experiments, were published in scientific journals, 
concern recent research and report quantitative results. Finally, the results are presented and discussed and some 
concluding remarks are provided. 

2. Driving performance measures 

As there are a lot of different methods and measures that exist for evaluating driving performance, the selection of 
the specific measures for driver distraction research, as in other areas of research, should be guided by a number of 
general rules related to the nature of the task examined as well as the specific research questions.  

This chapter reviews a range of assessment measures that have been used in order to assess the impact of distraction 
on driving performance including lateral control, longitudinal control, reaction time, gap acceptance, eye movement 
and workload measures. Finally, a list of the most common driving simulator dependent variables is cited and some 
general remarks are provided. 

2.1. Longitudinal control measures 

A range of Longitudinal Control Measures can be examined in driver distraction research. Two of the most common 
are speed and headway which are further analysed below. 

2.1.1 Speed 

The relationship between speed and accidents is widely recognized in the road safety community and as such, 
speed is a commonly used dependent variable in transportation human factors research including driver distraction 
research. A number of speed related measures can be calculated including, average speed, speed variability, 85th 
percentile speed, maximum speed (Hogema and van der Horst, 1994; Manser and Hancock, 2007) 

On distracted driving, the most common pattern is to adopt slower speed to increase available response time (Chu, 
1994). Drivers use this strategy in order to exert some control over their circumstances and compensate for increased 
reaction time. It has also been shown that drivers display greater speed variability and throttle control while talking to 
the cell phone (Haigney et al., 2000; Rakauskas et al., 2004; Yannis et al., 2010; Beede and Kas, 2006).  
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