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ABSTRACT 

The issue of task duration in the assessment of driver distraction 

has been a controversial topic. In the development of J2364 

Navigation and Route Guidance Function Accessibility While 

Driving, task duration and a related criterion were the most 

difficult parts of achieving consensus.  The current discussion is 

restricted to a few key criticisms of task duration and duration-

related measures of driving performance. We provide data-driven 

reasons why criticisms of duration-related measures, though 

important, are not sufficient to negate the value of these measures.  

Further, we point to naturalistic driving research that indicates it 

is glances away from the road scene prior to critical events that 

predominate in real-world crashes and near-misses.  Rather than 

suggesting duration-related measures be abandoned, naturalistic 

driving research underscores the importance of using driver 

metrics like total eyes-off-road time as well as single glance 

durations. Finally, task length is an attribute of a task and HMI 

design, which can be modified through re-design and therefore 

will influence duration-related performance. We argue that 

duration is particularly important as a tool to assess where 

interventions to limit distraction might be applied. 

Categories and Subject Descriptors 

H.5.2 User Interfaces, Theory and Methods 

General Terms 

Measurement, Performance, Design, Experimentation, Human 

Factors, Standardization. 

Keywords 

Driver distraction, secondary task duration, eyes-off-road time, 

resumability. 

 

1. INTRODUCTION 
In the search for the most effective driving performance metrics 

for assessing distraction, several issues have been raised about 

“task duration” and duration-related measures.   

Among these key issues are the following: 

� Fluctuating task demand and duration-related measures; 

� Duration-related measures and the variable properties of a 

task;  

� Conceptual and practical issues with the use of task 

duration: task definition, task duration in dual task 

situations, criteria and the impact of task design on 

distraction; and 

� Lack of evidence for resumability-based metrics.   

This paper reaffirms the value of task duration and duration-

related measures for visual-manual tasks. Duration-related 

measures are those that co-vary to some extent with task length. 

Particular emphasis is given to total eyes-off-road-time or 

established surrogates such as Total Shutter Open Time (TSOT), 

as specified in ISO 16673 “Occlusion Method to Assess Visual 

Demand Due to the Use of In-Vehicle Systems” [1]. Task design 

has implications for vehicle safety, so it is important that both 

designers and policy makers have an accurate understanding of 

the issues and consistent, effective approaches to identifying and 

addressing the risks. Concerns about task duration are found 

among the recommendations from the European eSafety-HMI 

Working Group [2]. An open discussion of the importance of task 

duration is needed to acknowledge and resolve differences so that 

progress can be made in the development and application of 

useful driver metrics.  

Driver metrics is a complex topic.  In order to contain this 

discussion, it is important to establish a scope.  Tasks can vary on 

a number of dimensions including complexity, input/output 

modality and duration. Visual-manual tasks require drivers to take 

their eyes off the road for a period of time, often repeatedly, over 

the course of task completion. How often and how long the eyes 

must be off the road and on the task is partly (though not 

exclusively) a function of task length.  The longer the eyes are off 

the forward road can affect many aspects of driving safely—e.g., 

successful lane keeping, successful speed control and headway 

maintenance, as well as successful detection and response to 

events on the road and maintenance/updating of situation 
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awareness. Therefore, given that task duration, and the aspects of 

task performance that vary with its duration, is particularly 

important for visual-manual tasks, the scope of the discussion in 

this paper will focus on driver-vehicle interfaces that display 

information visually and require manual inputs. Task duration for 

more cognitive, auditory or speech-based tasks is also relevant for 

distraction but will not be discussed herein. 

In the following sections, we address the key issues given above 

and demonstrate that task duration and duration-related metrics 

are an essential consideration in the design and evaluation of in-

vehicle information and communication systems. 

2. FLUCTUATING TASK DEMAND AND 

DURATION-RELATED MEASURES 
Empirical questions have been raised relating to task duration 

effects including both uniformity of demand over duration and 

cumulative effects.  Fluctuating demand is an interesting 

challenge for driver metrics, particularly for measures based on 

discrete event occurrences that may or may not probe appropriate 

peaks and valleys of fluctuating task demand (e.g., object and 

event detection metrics in which any single probe may only 

capture a momentary slice of task demand). Improper applications 

of such measures (e.g., use of single probes, rather than 

summaries of probe responses across task periods and across 

participants) may not provide an indication of what occurs over 

the entire interaction [3] . Reliance on such measures in isolation 

from other measures (such as glance times and task durations) can 

also provide an incomplete picture. On closer examination, 

however, this issue of varying demand within a task does not 

provide sufficient basis on which to dismiss the importance and 

usefulness of task duration.  

Task demand can fluctuate over the duration of a task.  Unless a 

visual-manual task is very short, a driver will typically encounter 

several different input screens.  These screens vary on their 

information content and choices (e.g., previous destination or new 

destination, keyboard screen, list of street names).  The greater the 

quantity of information and number of choices, or input options, 

the more demanding it typically is for the driver to perform the 

task. We know from the Hick-Hyman law that response time 

increases with the number of available choices [4].  Complex 

tasks, i.e., ones that display a lot of information and options, will 

take more time to complete than simple tasks that have limited 

information and options. Thus the fluctuating demands of a task 

would primarily be manifested as changes in duration. It is 

improbable that simple and complex visual manual tasks would 

require the same amount of time to perform. Of course, this would 

depend on how complexity is defined (e.g., number of inputs, 

degrees-of-freedom of the control, number of choices, information 

content and format). 

Focused visual attention is essentially a binary function. When 

drivers are engaged in multitasking with visual-manual tasks, they 

are either paying attention to the road traffic environment or 

fixating elsewhere (e.g., to select a menu item on a display). There 

may be some exceptions (e.g., the detection of emerging situations 

with peripheral vision), but the secondary task activities primarily 

involve the serial processing of visual information. If a task 

requires foveal attention, by definition it must distract the driver 

from the primary task [5]. The measurement issue is to determine 

the length of the distraction and consequences of the distraction 

on driving. 

Even if a task is not uniform in its demand, a cumulative 

workload measure like Total Eyes Off Road Time  that spans the 

task performance period, provides a useful summary measure of 

the task's overall demand. Given that a 'surprise' event can occur 

at any point in the task, this summary measure of load is relevant. 

Spikes in visual-manual task workload are likely to be manifested 

in longer single glances away from the road scene (up to a limit of 

about 2 s).  This highlights the importance of having both a 

criterion to limit long individual glances as well as a criterion to 

limit the total time a task takes the driver's eyes away from the 

road scene.  

Some researchers have noted that there is some additional 

variance in driver responsiveness to roadway events during the 

task period that remains unaccounted for by total eyes off road, 

glance durations, and task duration. Thus they have explored 

augmenting the metrics toolbox with detection response metrics 

(also duration-related), summarized across a task period (cf. [6] 

and [7]).  Used together, a set of such duration-related metrics can 

provide a comprehensive picture of task demand that is robust to 

and reflective of fluctuations over the period of performance. 

The 100-Car Study analyses of crashes and near-miss events [8, 9] 

indicate that the principal type of task interference that should be 

minimized is eye glances away from the road or Total Eyes Off 

Road Time.  Based on considerable research, it has been 

concluded that Total Eyes Off Road Time limits, coupled with 

maximum single glance limits, are essential considerations.  The 

Alliance of Automobile Manufacturers' DF-T guidelines provide 

criteria for both [10]. 

3. DURATION-RELATED MEASURES 

AND THE INVARIANT PROPERTIES OF A 

TASK 
The term ‘duration’ can refer to several important concepts which 

differ from each other in critical ways. 

1. Static Task Time (see SAE J2364) wherein task 

completion time is collected while doing nothing else (i.e., no 

driving or other concurrent task) [11].  This is a measure of task 

length, or how long a task takes to perform, when the driver’s full 

attention is devoted to its completion.  For visual-manual tasks, 

this measure has predictive validity for dynamic task duration 

(described below), number of glances to task, total glance time to 

task, and “speed difference” (a measure of speed variability within 

task) [6]. 

2. Task Duration While Driving (sometimes called 

Dynamic Task Time), where dual task interference and driving 

context effects can impact duration.  This is a measure of task 

length, under divided attention (attention-switching) conditions. 

3. Total Glance Time (TGT) or Total Eyes-Off-Road 

Time while driving.  This is the cumulative time the driver looks 

away from the road scene during task completion while driving 

(see SAE J2396) [12].  This measure is not a direct measure of 

task length – but is a measure of visual demand that is duration-

related.  As a visual-manual task increases in length, total glance 

times to complete the task also tend to increase.  Total glance time 
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is not perfectly correlated with Static or Dynamic Task Duration, 

but is positively related to them.  This measure has been related to 

crash risk, as discussed later in this paper. 

4. Total Shutter Open Time (TSOT), an occlusion-

method-based metric that sums the total time that vision is not 

occluded while the participant is completing a visual-manual task.  

It can be thought of as representing the total time required to 

“look” at a task in short “1.5 s glimpses”  allowed by the shutter 

openings in order to complete it.  Predictive validity of this 

measure is described later. 

5. Finally, there is the R-metric, calculated as the ratio of 

TSOT to Static Task Time, a purported indicator of the ease with 

which a person can stop and resume a visual-manual task (see ISO 

16673 for details) [1].  

The probability of being surprised by an event, and hence the risk 

of a conflict, increases as eyes-off-road-time accumulates over an 

epoch of task interaction. Visual-manual in-vehicle tasks cause 

drivers to look away from the road ahead for varying glance 

durations, typically for durations between 1.0 and 1.5 seconds, 

and often for multiple glances at the in-vehicle display [13, 14]. 

The most safety-relevant duration metric is total eyes-off-road 

time (or a surrogate of it). Analyses of the 100-Car Study data 

have shown that visual distraction is a serious concern in 

distraction-related crashes and close calls.  Dingus, et al. [15] 

reported that 80 percent of all crashes and 65 percent of near 

crashes observed were preceded by a driver glance away from the 

road scene just before the onset of the conflict.  Ninety three 

percent of rear-end crashes in the study (14 out of 15) involved a 

glance away from the road ahead immediately prior to the onset of 

the conflict.   

Relative risk comparisons of various in-vehicle activities, 

compared to periods of 'just driving’, were equally telling.  

Dingus and Klauer [8] found that a visual-manual activity like 

'manually dialing a hand-held device' was associated with a 

statistically significant increase in risk (an odds ratio of 2.79).  

Klauer, et al. [16] reported that cumulative looks away from the 

road ahead of 2.0 seconds or longer within a 6-second period 

prior to the onset of the conflict were associated with a 

statistically significant odds ratio of 2.27.  Note that this is a 

cumulative eyes-off-road time, which is not necessarily a single 

glance duration.   

Shutko and Tijerina [17] provided a simple quantitative model to 

illustrate how an increase in the number of glances away from the 

road can lead to an increased probability of the driver being 

'surprised' by an event to which he might need to respond.  A 

Surprise, by definition, is an unexpected (to the driver at the time) 

object or event.    

Assume that a driver believes there will be no 'Surprises' during a 

glance away from the road (or else the driver would not look away 

at that time).  Surprises nonetheless sometimes occur, and they 

may occur more often for inexperienced drivers who have less 

experience in judging changing road conditions. Then assuming 

the probability of a 'Surprise' is uniformly distributed throughout a 

task's duration, a simple probability model can be constructed that 

has the following form. Let the probability of a Surprise be 

P(Surprise) = L.   Then the probability of no Surprise is P(No 

Surprise) = 1- L.  For K glances away, the probability of at least 1 

surprise during K glances away will be equal to 1 minus the 

probability of no surprises in K glances away. Assuming the K 

glances away from the road are independent from one another,  

P(at least 1 Surprise during K glances) =  

1 – P(No surprises in K glances away) =  

1 – (1 – L)K     (Eq 1) 

 

Table 1 shows the results of this simplified model for an arbitrary 

value of L = 0.0003.  As can be seen, there is a factor of 10 

growth in the probability of the driver being surprised as the 

number of glances away from the road increases from 1 to 10.   

Table 1.  Probability of a Surprise Event as a function of 

number of glances away (simple model). 

Number of Glances 
K P (At least one Surprise Event 

During Glance Away) 

 

1 0.0003 

2 0.0006 

3 0.0009 

4 0.0012 

5 0.0015 

6 0.0018 

7 0.0021 

8 0.0024 

9 0.0027 

10 0.0030 

 

This demonstrates the notion that as time accumulates during 

which the eyes are off the road from frequent and/or long glances 

during the epoch of task interaction,  the more likely that a driver 

will be surprised by a conflict. The longer a visual-manual task 

interaction takes to complete, the higher this cumulative risk 

function is likely to grow. 

Dynamic task duration will be affected by the driving context 

[18].  As driving demands increase and the driver takes account of 

this increase in demand, interruptions to in-vehicle tasks will be 

longer.  That has the effect of increasing the total duration of 

attention-sharing that the driver must manage while driving. The 

driver typically sheds the in-vehicle task and does what he or she 

perceives the driving situation requires.  Drivers may be able to 

self-regulate somewhat by reducing the demands of the driving 

task (e.g., lowering their speed and increasing headway), but this 

compensation has its limits, especially given that a driver’s 

perception of risk is impaired by distraction.  Indeed, total eyes-

off-road time has been shown to be less influenced by driving task 

demands [18, 19] and more influenced by the characteristics of 

the visual-manual task [20].  For this reason cumulative glance 

time away from the road (total eyes off road time) is useful to 

quantify the cumulative demand of a task. Other measures, such as 

glance rate (e.g., number of glances per unit time), fail to capture 

this issue of cumulative demand and the associated risk, unless 

they are computed for a task’s duration.  
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Surrogate measures that are validated as predictive of total eyes-

off- road-time can be beneficial due to the difficulty of directly 

measuring eye glance behavior. Visual occlusion is a surrogate 

that has proven useful in guiding design practices to help 

minimize distraction. It is not a perfect replication of actual 

driving behavior but a useful surrogate for predicting total eyes 

off road. Foley [21] points out that, since the intent of the 

occlusion technique is to measure visual demand, the inability of 

occlusion to exactly mimic more intermittent natural glance 

behavior is not a hindrance to its application.  TSOT has been 

demonstrated to be repeatable, discriminating, and predictive of 

certain on-road and test track driving performance measures 

(related to task duration, lane keeping and speed control, number 

of glances to task and total-eyes-off-road time) [6, 19]. However, 

TSOT does not predict single glance duration, nor responsiveness 

to events [6].  

Finally, variation in human performance is a given, as is variation 

in the demands of the road traffic environment.  Some aspects of a 

task, such as how quickly a person asymptotes in learning it, will 

vary task-by-task and, in this sense, may be considered a task 

characteristic that merits evaluation or further consideration on 

how tests are run. 

4. CONCEPTUAL & PRACTICAL ISSUES 

WITH THE USE OF TASK DURATION. 
The use of task duration in the assessment of distraction has been 

criticized on the basis of assumed conceptual and practical 

problems. Such criticism is directed at four main points: (1) the 

difficulty of defining a task, (2) the difficulty of predicting task 

duration in a dual task situation and (3) challenges of setting 

criteria and 4) the impact of system design on task duration.  In 

this section, we examine each of these issues. 

4.1 The difficulty of defining a task 
The notion that it is not possible to define a task (see Design Goal 

II [22]) runs contrary to basic methods of task analysis in human 

factors and industrial engineering.  Working definitions of “task” 

have been developed by several groups (e.g., Alliance Guidelines; 

ISO; JAMA Guidelines) and are currently in use [10, 23, 24]. 

Although there are slight variations in wording, these definitions 

have in common the idea that a task is a “sequence of inputs 

leading to a goal at which the driver will normally persist until the 

goal is reached”. An example of a well-defined and understood 

task is a driver obtaining guidance to a destination by entering a 

street address in a navigation system. For most in-vehicle 

information systems (IVIS), tasks are well-defined as such 

systems are designed to perform specific functions and 

consequently have a specific number of steps and durations 

associated with them. 

Clearly, some tasks are more well-defined than others. Some of 

the tasks that drivers engage in, such as “finding something to 

listen to”, are more loosely defined and may exhibit more of a 

“hunting/exploring/learning” quality. This does not mean, 

however, that tasks of this type cannot be defined. Tasks such as 

these have been observed in naturalistic driving studies (e.g., 

Angell, Perez, & Hankey [7]) and analyses from naturalistic data 

will aid in our further understanding and characterization of these 

tasks.  

The objection has been raised that drivers may also perform a 

series of individual tasks while driving.  Even though it is true 

that tasks can be concatenated, it does not follow that task 

duration is invalidated if they are.  Single task duration sets the 

lower bound for a task in any dual task situation. There is nothing 

to prevent a driver from performing a series of tasks. To the extent 

that each of those individual tasks is well designed, with short 

eyes-off-road duration, distraction will be reduced relative to what 

it would otherwise have been (if longer tasks had been 

concatenated).  

Task duration can be measured and it offers a design opportunity 

that is actionable.  Most visual-manual tasks with longer eyes-off-

road times are not acceptable as they increase the risk of a crash. 

Such long tasks should be redesigned so that they are shorter and 

less visually intensive, requiring less eyes-off-road time, or else 

should be addressed through another means (use of automation 

for a portion of the task, use of a new innovation, or even 

application of a lock-out, which is an accepted practice by some 

manufacturers.) 

4.2 The difficulty of predicting task duration 

in a dual task situation 
A “task”, as defined above, is associated with a time for 

completion. This measurement is straightforward in the case of 

single task duration but becomes more variable under dual task 

performance.  What is clear, nonetheless, is that visual-manual 

tasks can be defined by associated measures, such as total eyes-

off-road time, which are objectively collected. 

Task duration assessment during design development provides a 

reasonable estimate of the number of glances required later 

without having to do the glance assessment. This task time 

becomes even more important when we consider that a non-trivial 

task undertaken while driving almost always is broken into 

segments of eye glances where the driver must switch visual 

attention back and forth between the road and the interface in 

order to complete the task.  Task durations will vary, not only for 

different groups of individuals (e.g., novice and elderly drivers), 

but also for the same individual under different conditions. Total 

Glance Time away from the road is less influenced by driving 

conditions and more dependent upon task design, as recently 

demonstrated by Jahn, Krems, and Gelau [18].  We acknowledge 

that these systems will be used by many different people in many 

different scenarios, making the design imperative for short eyes-

off-road times or durations all the more important. 

4.3 Criterion Setting 
An empirical basis for setting a criterion for task duration has 

been provided in the Alliance of Automobile Manufacturers' 

Driver Focus-Telematics (DF-T) Statement of Principles. 

Voluntary guidelines have set criterion after thorough study and 

vigorous debate [10]. Alliance members are following this 

guideline for in-scope system functions.  The Guidelines contain a 

Total Eyes-Off-Road Time (i.e., Total Glance Time Away) limit 

of 20 seconds in addition to a requirement that individual glances 

typically not exceed 2.0 s.  The empirical bases for these limits are 

included in the guideline document. They are based on published 

literature available at the time and a reference task of radio tuning 

as a societally accepted level of task demand and risk.  The 
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Guidelines offer some of the first quantitative criteria to limit the 

visual distraction potential for in-vehicle interfaces.  

Another example of empirically-based criterion is the JAMA 

Guidelines' criterion [24] for total eyes-off-road time.  According 

to these guidelines, the operation of a display is prohibited if the 

task requires a total glance time in excess of 8 seconds. Using the 

Occlusion method, the total shutter open time shall not exceed 7.5 

seconds.   

4.4 The impact of system design on task 

duration 
Unlike Eckstein & Gijessl [25], we believe that good driver-

vehicle interface design can reduce task duration and can 

therefore reduce duration-related performance interference, and 

consequently can reduce or limit distraction and collision risk. 

Studies have found significant differences in performance to 

achieve identical goals (e.g., destination on navigation system) on 

different devices with different interfaces [20, 26, 27].  Task 

duration, as measured by TSOT, has been shown to vary 

dramatically and significantly as a function of driver-vehicle 

interface design [26]. System designers have an critical role since 

their decisions on system operation influence task durations. 

Well-designed tasks enable a driver to reach that goal more 

quickly and efficiently than a poorly designed task.  Devices 

should not require or encourage the endless repetition of 

secondary tasks. 

5. RESUMABILITY (INTERRUPTIBILITY) 
Designing “interruptability” and “resumability” into a task is 

associated with the psychological concept of ‘chunkability.’ From 

a theoretical point of view, this concept implies that a 

interruptible task allows performance to be accomplished in small 

“chunks” (perhaps, but not necessarily, subtasks). These “chunks” 

might help prevent human short-term memory limits from being 

exceeded, therefore providing natural points for task-switching 

and attentional shifts. This might permit interruption or 

suspension of activity between task chunks so that attention could 

be devoted to the roadway, without any deleterious effects on 

secondary task performance when the task is subsequently 

resumed.  Resumability implies a driver could use a strategy of 

task performance that involves a great deal of  interleaving  or 

switching between the primary and secondary task over time– and 

offers the possibility that such a strategy is hypothesized to allow 

the driver to focus adequately on the road in between “chunks” of 

the secondary task – in order to maintain sufficient situation 

awareness, vehicle control, and responsiveness to events.  The 

questions about this construct include whether “interruptibility” is 

an attribute of task design – or whether it is a natural function of 

driver behavior (an epiphenomenon of natural behavior to manage 

both primary and secondary tasks), and, in either case, whether it, 

by itself, assures that a task is not distracting.  These are important 

questions. 

Regardless of the answers to these questions, one thing is clear:  if 

a task is interrupted and resumed during its performance, its task 

duration will increase along with any related performance metrics 

(number of glances, for instance).  Whether or not there are 

deleterious effects on driving safety may depend largely on the 

length of intervals between periods of task activity (the epochs 

during which attention is returned to the road), which may vary in 

length – but will determine the quality of a driver’s situation 

awareness, responsiveness to events on the road, as well as lane 

keeping and speed/headway maintenance.  Little attention has 

been paid to these concerns in research, and few of these 

fundamental research questions have been examined to date. 

Rather, most recent work on interruptability has instead focused 

on whether simple surrogate measures exist to assess the construct 

of interruptability/resumability.  Occlusion is one method that has 

been examined for this purpose. There are several limitations with 

the notion of resumability in the Occlusion Test.  Resumability, 

and the tendency to suspend, take a break/ pause, or ‘bookmark’ 

progress mid-task may be contraindicated based on memory loads, 

and human motivation if it does not account for the additional 

burden of reorientation to the task.  Miller, Galanter, and Pribram 

[28] pointed out that beyond forgetting where you were and what 

the next step is, the overall “plan” must be maintained in working 

memory during the pause.   Moray [29] has pointed out that 

“…forgetting is a potent source of uncertainty and may become 

the dominant determinant of attention.”  These issues all suggest 

that at this juncture, research is very much needed on these 

fundamental questions about interruption and resumption in the 

context of multitasking during driving.  

The definition of a task includes that “a person will persist until 

the goal is reached”, a motivation issue which has important 

safety implications for task designers.  Cnossen, Meijman and 

Rothengatter [30] reported that drivers were highly motivated to 

get route information while driving to the detriment of their 

driving performance in high demand driving situations. 

Resumability implies that a driver may string a task out over some 

long period of time which is unrepresentative of typically 

motivated human behaviour. Given the human propensity to 

complete tasks (Zeigarnik effect [31]), all tasks should be 

designed to allow completion in as short a time as possible and 

without the need for long glances. Weiner [32] has summarized 

the motivation results by stating that the tendency to resume an 

interrupted task increases if: the task has a definite goal state or 

purpose; the task is close to completion; the duration of 

interruption is short; and the person is intrinsically motivated, 

rather than induced, to perform a task.  That said, even though we 

do not agree with the concept of resumability, it is still good 

design to tolerate interruptions in the performance of a task..  

However, while it may facilitate usability –it is unknown to what 

degree (if any) it reduces distraction.   

In this regard, it is should be noted that Dingus and Klauer [8] 

have recently reported that an interruptible task is still risky if it 

takes the eyes off the road.  They state:   

"...the results presented in this paper show no indication of a 

constant, or nearly constant, crash/near crash risk, for a broad 

range of in-vehicle tasks given that multiple glances away 

from the roadway are required. It is clear that a common 

crash/near crash situation involves an unexpected external 

event occurring when the driver is not looking in the direction 

of the event. It would then follow that the crash/near crash risk 

is greatly influenced by the joint probability of where the 

driver is looking and the probability of an unexpected event. 

Therefore, secondary tasks that require the driver to take their 

eyes off of the road for long and/or multiple periods will have 

the elevated crash/near crash risk, even if they are more easily 

managed by the driver." 
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The selection of measures for visual-manual task demand, and 

corresponding criteria, is a very difficult undertaking. Any single 

measure will be subject to limitations and possible 

misinterpretation. As was highlighted in the extensive research of 

the CAMP Driver Workload Metrics project [33] and the EU 

project HASTE there [20] is no single “silver bullet.” To 

understand workload and distraction, a variety of measures are 

necessary to provide complete assessment. That being said, there 

is also great pressure to provide simple yet effective metrics to 

designers for use in product development to avoid the designs that 

increase, rather than minimize driver distraction. 

The appropriate application of occlusion and other metrics should 

continue to be studied. Occlusion can be used to calculate a 

measure of resumability known as the R-metric. R is the ratio of 

TSOT and Static Task Time (measured under un-occluded 

conditions) -- a purported indicator of the ease with which a 

person can stop and resume a visual-manual task (see ISO 16673 

for details) [1].  This is based on the notion that the numerator 

reflects the consequences of visual interruption from shutter 

closures of the occlusion device.  However, another way to think 

about this ratio is that this calculation (with “looking time (TSOT) 

in the numerator, and task duration in the denominator) represents 

that percentage of task duration that was spent “looking” at a task 

during its performance (using the shutter-open glimpses) – 

something quite different from resumability. Though based on 

occlusion metrics, the R-metric is thus somewhat analogous to 

“Percent Total Eyes Off Road” in the road-based domain – and 

yet, the R-metric does not correlate significantly with eyes off 

road time in CAMP DWM research [6] and related research.  

Occlusion can be used to assess secondary tasks, but by itself it is 

not sufficient [34]. In the CAMP research TSOT had a 0.92 

correlation with mean total duration of all glances (TGT). It was 

concluded that Median TSOT predicts the following measures 

(with R2 ~ 0.50 or more): Task time when driving; Standard 

Deviation of Lane Position (SDLP); Speed Difference between 

task start and end; TGT and Counts of Task-Related (TR) Glances 

away from the road scene. Hashimoto and Atsumi [35] in a 

research paper to support the JAMA guidelines report a 

correlation of .893 between TSOT and TGT (as measured during 

on-the-road driving). Thus TSOT provides a robust measure that 

can be used for laboratory assessments.  

However, the usefulness of the resumability measure R is not 

supported by the data and is less accepted by experts in this field 

than TSOT. More research support is needed before it can be used 

as an effective design tool. This issue is raised by Foley [21] and 

supported by CAMP DWM research report by Shutko and 

Tijerina [17] where it was found that R does not correlate well 

with any eye glance measures. The R metric is unrelated to On-

Road and Test-Track driving performance measures in the CAMP 

research. Burns, in summarizing several different occlusion 

studies, stated that it is “unclear what R measures” and that mean 

R values were almost always less than 1. Only one task on the 8 

real systems tested had a mean R greater than 1 (1.09) and the 

lowest R value was 0.59 [36]. 

There is no perfect single measure for identifying distraction. 

Naturalistic studies of crash risk have shown total eyes-off-road 

time to be a good predictor of crash risk.  However, it is a difficult 

measure to collect and cannot easily be used during the early 

stages of the product cycle to assist in making good decisions for 

the driver vehicle interface design.  Research is needed to 

establish more surrogate measures for total eyes-off-road time 

and/or to utilize other duration-related measures in combination 

with it. 

6. CONCLUSION 
Any metric that ignores task duration and duration-related metrics 

in the assessment of visual-manual tasks will have an incomplete, 

and possibly misleading, estimation of distraction risk. As 

concluded by the CAMP DWM [33] and HASTE [20] projects, 

any given single measure of distraction provides an incomplete 

assessment of distraction. However measures that are empirically 

supported, such as task duration, and total eyes off road time, can 

and should be used to aid driver vehicle interface designers in 

making good decisions as early as possible in the design process. 

Once the interface has reached the prototype stage, changes in 

design are more difficult and expensive, therefore less likely to be 

made. To completely assess the potential for driver distraction 

several measures are required for a reliable driver metric and task 

duration should be reflected in at least one of them. Research is 

needed to establish more surrogate measures for total eyes-off-

road. 

Research is also needed to further examine the impact that task 

design and duration has on safe driving performance. Naturalistic 

driving research is a powerful approach for capturing large 

quantities of real world data on driver behavior [14, 15]. Many of 

these research questions may be answered in the near future. The 

second Strategic Highway Research Program (SHRP 2) will 

conduct a naturalistic driving study of unprecedented scale [37]. 

Sensors will be installed on the vehicles of 4,000 volunteer 

drivers over 2 years in multiple sites across the United States. 

Naturalistic data from additional sites will be collected in a 

Canadian project as well. These data will provide insights into the 

safety implications of duration for visual-manual tasks as well as 

speech-based tasks. Data from SHRP 2 will help to augment our 

understanding of driver behavior based on empirical evidence.  
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