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a b s t r a c t
The Alliance of Automobile Manufacturers and the National Highway Traffic Safety
Administration have each developed a set of guidelines intended to help developers of
embedded in-vehicle systems minimize the visual demand placed on a driver interacting
with the visual-manual interface of the system. Though based on similar precepts, the
guidelines differ in the evaluation methodologies and the criteria used to define safe levels
of visual demand. The current study compared the pass/fail conclusions from applying the
two guidelines. Four visual-manual tasks were evaluated using two embedded in-vehicle
systems (Volvo Sensus, Chevrolet MyLink) during highway driving. Only a preset radio tuning task met the threshold for acceptable visual demand in both guidelines. The pass/fail
conclusions for three of the four tasks [manual radio tuning (fail), preset radio tuning
(pass), easy contact calling (fail)] performed using either system were the same for both
guidelines; calling a contact with multiple possible numbers using MyLink failed both
guidelines, and with Sensus the task passed the Alliance guidelines but not NHTSA’s.
Exploratory analyses suggested that broadening the age range of the participant sample
specified in the Alliance guidelines beyond 45–65 year olds did not change pass/fail conclusions. Results from a Monte Carlo simulation suggested that relying on data from a single
trial per the NHTSA guidelines may reduce the repeatability of pass/fail conclusions.
Interestingly, the manual radio tuning task failed to pass both sets of guidelines, even
though the organizations used it as a reference task for setting acceptable levels of visual
demand. Perhaps this indicates that radios have become more difficult to tune than the
ones that provided the basis for the guidelines; however, naturalistic driving studies have
not indicated increased risk from tuning more modern radios. Analysis of glance behavior
during naturalistic driving may provide opportunities to further refine the acceptable
thresholds for visual demand.
Ó 2017 Elsevier Ltd. All rights reserved.

1. Introduction
Two organizations offer guidance to assist developers of embedded in-vehicle systems in minimizing the visual demand
placed upon a driver interacting with the systems. Both organizations specify a set of principles and best practices and a
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methodology for evaluating various tasks performed using the visual-manual interface of embedded in-vehicle systems to
determine whether they should be permissible when the vehicle is moving, that is, represent an acceptable degree of visual
demand and associated risk. However, the evaluation methodologies and the criteria used to define safe levels of visual
demand differ. There is concern about how these differences affect the pass/fail conclusions from task evaluations intended
to determine whether a task meets a threshold of visual demand deemed acceptable and debate as to the sensitivity of some
measurement criteria.
Members of the Alliance of Automobile Manufacturers and other experts developed a set of principles, criteria, and evaluation procedures centered on driver interactions with the visual-manual interfaces of information and communication systems produced by original equipment manufacturers and aftermarket vendors (Alliance of Automobile Manufacturers, 2006;
hereafter ‘‘the Alliance guidelines”). The Alliance guidelines include 24 principles to promote the safe design of humanmachine interfaces that center on (1) installation, (2) the presentation of information, (3) system behavior, (4) driver interaction, and (5) instructions about system use. Principle 2.1 states that visual displays should be designed so that a desired
task can be completed with sequential glances that are brief enough not to adversely affect driving.
The Alliance guidelines provide options for verifying compliance with Principle 2.1. Tasks are evaluated according to Principle 2.1 Alternative A using two criteria. Criterion A1 limits the duration of single glances to task-related controls and displays, and criterion A2 limits the total duration of all task-related glances to these areas. Both criteria use driver glance
behavior when manually tuning a ‘‘traditional” radio to a new station on a different frequency band as a reference for an
acceptable level of visual demand (i.e., the manual radio tuning task). The manual radio tuning task was selected to define
an upper limit for visual interaction because of its long-standing use in research and ‘‘its impacts on driver eye glance behavior, vehicle control, and object-and-event detection are reasonably well understood” (p. 40).
One method for evaluating whether a task meets these criteria is to recruit an equal number of male and female drivers
45–65 years old who are unfamiliar with the device being tested and then measure the number and lengths of glances to the
display(s) and task-related controls when the task is performed at least twice during daytime driving along a dry, divided
highway with low to moderate traffic density and a posted speed limit of 45 mph or lower. The sample size must be large
enough to produce statistically significant results. A task meets criterion A1 if the 85th percentile mean duration of glances
to task-related controls or displays for the sample is less than or equal to 2.0 s. A task meets criterion A2 if the 85th percentile
total duration of glances to task-related controls and displays for the sample is less than or equal to 20 s.
In 2013, the National Highway Traffic Safety Administration (NHTSA) published guidelines intended to reduce visualmanual driver distraction during interactions with the visual-manual interfaces of integrated original equipment communication and information systems (National Highway Traffic Safety Administration, 2013; hereafter ‘‘the NHTSA guidelines”).
The guidelines are applicable to non-driving-related tasks including radio tuning as well as driving-related tasks that are not
related to the safe operation and control of the vehicle (e.g., navigation). The NHTSA guidelines adopted many of the principles in the Alliance guidelines; for example, the mounting location must be easy to see and reach, the maximum downward
viewing angle is 30 degrees, and the driver should control the pace of task interactions not the system. However, the NHTSA
guidelines deviate with regard to (1) the criteria used to determine if a task is acceptable to be performed during driving, (2)
the sampling requirements, (3) the testing environment, and (4) other aspects of the evaluation methodology. Some of the
differences, such as NHTSA specifying measurement of glances off the forward roadway as opposed to quantifying taskspecific related glances, were characterized as attempts to simplify testing procedures. Categorizing glances to ‘‘on the forward roadway” and ‘‘off the forward roadway” was seen as reducing some of the challenges in using automated eye tracking
equipment for glance measurement.
Measuring off-road eye glance behavior during simulated driving is one method used for ‘‘acceptance testing” of a task
per the National Highway Traffic Safety Administration (2013) guidelines. This approach requires a sample of 12 men and
12 women evenly distributed across four age groups (18–24, 25–39, 40–54, and 55+ years older). The participants are
instructed to keep their vehicle 220 feet behind a lead car while performing tasks on a straight, four-lane undivided roadway
with a posted speed limit of 50 mph. Glances away from the forward road scene during a single trial are measured to determine if a task meets the following three criteria: no more than 15 percent of 21 of the 24 participants’ glances away from the
forward road scene are longer than 2 s, the average duration of a glance away from the forward road scene is less than or
equal to 2 s for 21 participants, and the total duration of glances away from the forward road scene is less than or equal
to 12 s for 21 participants.
Consistent with the Alliance guidelines, the three criteria that tasks must meet in the NHTSA guidelines are based on the
level of visual demand associated with manual radio tuning. However, the NHTSA guidelines have been criticized for specifying a more conservative threshold for the total duration of glances away from the roadway (12 s) than the Alliance permits
for glances to the system or related controls (20 s). Recent research on glance behavior measured during manual radio tuning
while driving on a simulated roadway and a test track was used to support the lower threshold (Perez et al., 2013). However,
NHTSA’s interpretation of these data has been questioned because a test track setting is not used for task evaluation in the
NHTSA guidelines (Young, 2015) and the data may not adequately represent manual tuning performance across all radios
(Alliance of Automobile Manufacturers, 2012).
Some other notable differences between the Alliance and NHTSA guidelines could also affect the pass/fail conclusion for a
given task. First, the Alliance guidelines focus on task performance by drivers ages 45–65 because it is believed that these
drivers will perform worse, on average, than their younger counterparts (General Motors, 2012) whereas the NHTSA guidelines evaluate task performance across the full adult age range. Second, the Alliance guidelines specify that performance is
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evaluated across multiple task trials and do not exclude trials with errors, whereas performance from a single error-free trial
is evaluated per the NHTSA guidelines. The use of multiple trials can improve the precision of measurements. Error-free trials
are qualitatively different from trials with errors and could reasonably be expected to affect, at a minimum, task completion
time (e.g., Reimer, Mehler, Dobres, & Coughlin, 2013). Third, as noted above, the Alliance guidelines focus on glances to the
system or related controls, but the NHTSA guidelines are concerned with all glances away from the forward road scene,
including those to driving-relevant areas like vehicle mirrors. If all other factors remained constant, this distinction should
lead to consistently greater values for the total off-the-forward-roadway glance time than glances at interfaces. Moreover,
the driving tasks in the guidelines also differ; the Alliance guidelines specify that testing include other vehicular traffic
and specifies lower speeds than the simulated driving scenario defined in the NHTSA guidelines. Note that the Alliance
guidelines also permit task evaluation using an instrumented vehicle on a test track or on actual roads.
Both sets of guidelines share the goal of identifying tasks that invoke a potentially unsafe level of visual demand on the
driver. However, the different evaluation methodologies and pass/fail thresholds may lead to inconsistent determinations
regarding the acceptability of performing a given task while driving. The purpose of this study was to compare the pass/fail
conclusions from applying the Alliance and NHTSA task evaluation methodologies to four visual-manual tasks performed
using two different production in-vehicle infotainment systems during highway driving. Exploratory analyses also were performed to evaluate basic assumptions made by the guidelines regarding the reliability of pass/fail conclusions and the composition of the sample population.
2. Method
The data come from an experimental study that examined the attentional demands of using a visual-manual or voice
interface to perform various tasks during highway driving (Mehler et al., 2015). The sample consisted of 80 participants
evenly divided among four age groups (20–24, 25–39, 40–54, 55–69); note that recruitment did not include 18 and
19 year-olds in the NHTSA-specified 18–24 age grouping. There was an equal number of men and women in each age group.
Half of the 80 participants were randomly assigned to drive a 2013 Volvo XC60, and the other 40 participants drove a
2013 Chevrolet Equinox. The XC60 was equipped with an embedded Sensus infotainment system (Fig. 1A), and the Equinox
was equipped with an embedded MyLink infotainment system (Fig. 1B). Participants used each system to place calls to contacts stored in a connected Smartphone’s phone book, enter destination addresses into the navigation system, and manually
select specified radio stations.
Only data from tasks where participants interacted with the embedded system’s visual-manual interface were included in
the current analysis because these tasks are subject to both the Alliance and NHTSA guidelines. The tasks were calling a contact associated with a single telephone number (easy contact calling), calling a contact associated with multiple telephone
numbers requiring additional input (hard contact calling), tuning the radio to a new station using a radio preset button (preset radio tuning), and manually tuning the radio to a new station on a different frequency band (manual radio tuning). The
number and type of manual inputs required to complete each task as instructed during task training are shown in Table 1.
With the exception of preset radio tuning, participants always began each task on a general menu screen, so the first step
was to access the radio or phone function. The easy and hard contact calling tasks required participants to search through a

Fig. 1. (A) Chevrolet MyLink visual-manual interface and (B) Volvo Sensus visual-manual interface.
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Table 1
Number (types) of manual inputs required to complete each visual-manual task as trained.
System

Chevrolet
MyLink
Volvo Sensus

Task
Easy contact calling

Hard contact calling

Preset radio tuning

Manual radio tuning

9 inputs (5 push-button, 4 rotary
knob)
3 inputs (2 push-button, 1 rotary
knob)

10 inputs (5 push-button, 5 rotary
knob)
5 inputs (3 push-button, 2 rotary
knob)

1 input (1 pushbutton)
1 input (1 pushbutton)

3 inputs (2 push-button, 1 rotary
knob)
5 inputs (3 push-button, 2 rotary
knob)

Note: Rotating the rotary knob to scroll through a menu list was considered 1 input.

list of 108 phone contacts stored on a Smartphone connected to the infotainment system. Both systems required participants
to first access the phone book of the Smartphone. Participants pressed the ‘‘TEL” button to access the phone book with the
Sensus. Participants using MyLink used the rotary knob to highlight the phone function listed on the ‘‘Home” screen, and
then pressed the ‘‘Menu/Sel” push-button on the rotary knob to select it. Then the rotary knob was used to highlight the
‘‘Phone book” option from a list, and select using the ‘‘Menu/Sel” push-button on the rotary knob.
The systems had different methods for searching the contact list. The Volvo Sensus required participants to use the rotary
knob to search through the entire contact list for the target contact, and push the ‘‘OK” push-button on the rotary knob to
select the highlighted contact. In contrast, the Chevrolet MyLink required participants to use the rotary knob and ‘‘Menu/Sel”
push-button to highlight and select the alphanumeric bin (e.g., ABC, DEF) corresponding to the contact name, highlight and
select the target contact from a shortened list of 18 contacts presented on the next menu screen, and then select the single
number listed for the contact. In the hard contact calling task, participants were presented with multiple possible telephone
numbers after selecting the target contact. Participants highlighted and selected the appropriate number (e.g., work, mobile)
from a list using the rotary knob and integrated push-button with both systems.
The preset radio tuning task was completed by pressing a single push-button in the center console to select the appropriate preset station. The manual radio tuning task was consistent with the specifications for individual trials of a reference
task described in the Alliance guidelines and adapted by NHTSA (2012, 2013). Following the NHTSA guidelines, the radio was
playing at the start of the task but it was not the active function. Participants were instructed to tune the radio to a target
frequency on a different frequency band approximately one-third of the band away from the starting frequency (e.g., AM
1030–1470 or FM 107.9–100.7).
Manual radio tuning with Sensus always began at the MyCar menu. Participants pressed the ‘‘Radio” push-button to activate the radio and then pressed it again to bring up a list of possible frequency bands. Participants turned the rotary knob to
the target frequency band and pressed the ‘‘OK” push-button on the rotary knob to confirm the selection. Lastly, participants
turned the rotary knob until the target radio frequency was reached.
Manual radio tuning using MyLink began at the ‘‘Home” screen. Participants pressed the ‘‘Source” push-button to bring up
a list of possible frequency bands and then pressed it again to select the target band. Next, participants rotated the ‘‘Menu/
Sel” rotary knob until reaching the target frequency.
All participants were trained on how to perform each task using the push-buttons and knobs on the center console with
the vehicle parked. As specified by both guidelines, participants were encouraged to repeat the tasks until they felt comfortable. With the exception of the manual radio tuning task, participants were not required to complete the tasks in the manner
in which they were trained if they discovered another method of completing the task during the experimental drive that was
preferred. After training, participants began the experimental drive and performed the tasks while driving on highways (I-93
and I-495) in and around the greater Boston area. The experimental drive consisted of a divided interstate with three travel
lanes in each direction largely surrounded by forest. Each lane was 15 feet wide, and the posted speed limit was 65 mph. The
experimental drive began with a 30 min driving adaptation period beginning with 10 min of urban driving from Cambridge,
Massachusetts to interstate highway I-93 followed by 20 min of driving on I-93 to interstate I-495. Participants performed
the easy and hard contact calling tasks while driving on I-495, and performed the preset and manual radio tuning tasks on I93 when returning to Cambridge.
Each participant performed each task twice. The two easy contact calling task trials always preceded the two hard contact
calling task trials. Both trials of preset radio tuning and of manual radio tuning were completed after the contact calling
tasks. Trial instruction and stimuli were delivered using pre-recorded audio prompts. Participants were instructed to give
priority to driving safely even if meant delaying the start of a task or skipping the task entirely. A research associate seated
on the right side of the second row of the vehicle provided supplemental instruction and guidance as needed. Participants
who experienced unsafe weather or roadway congestion leading to unstable traffic flow where the posted speed could not be
maintained were not included in the analyses.
2.1. NHTSA guidelines sample
A random sample of 24 participants from each vehicle sample of 40 participants was selected with the constraint that
there were three men and three women from each age group (20–24, 25–39, 40–54, and 55–69). NHTSA’s protocol for
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measuring eye glances during simulated driving only considers performance from a single, ‘‘error-free” trial following a practice trial. Accordingly, the second trial of each task was sampled if it was performed without error. If an error occurred, then
the first trial was used if it was error-free and, if not, the participant was replaced.
2.2. Alliance guidelines sample
Data from participants between the ages of 45 and 65 formed the sample for the Alliance guidelines. The Alliance guidelines state that each task should be performed at least twice but do not specify an acceptable level of task performance (error
rates, amount of backtracking, etc.). Participants who successfully completed the task with or without errors in both trials
were included in the sample, and the dependent measures were averaged across both trials. A total of 12 participants (six
women, six men) from each vehicle sample satisfied the age and performance criteria above and were selected. The Alliance
guidelines recommend recruiting enough participants to sufficiently control for Type I and Type II error. An a priori power
analysis performed using G⁄Power (Version 3.1.9.2; Faul, Erdfelder, Lang, & Buchner, 2007) indicated that a sample size of 12
provided adequate statistical power (1 b = 0.83) to reject the null hypothesis that there is no difference between the mean
value for the sample and a constant criterion value using a one-tailed t-test with a large effect size (d = 0.8) and alpha set to
0.05.
2.3. Dependent measures
Eye glance data were manually double-coded from video recordings of the driver’s face per the International Organization
for Standardization (ISO) standards 15007-1 (International Organization for Standardization, 2002) and 15007-2
(International Organization for Standardization, 2001). Discrepancies between the coders in glance location or timing were
resolved by a third researcher (see Mehler et al. (2015) for details). Glance duration was defined as the first video frame
where the eye began moving to a new location until the last video frame before the next eye movement began. In the analysis of the NHTSA guidelines, eye glances that were not to the forward roadway were categorized as being off-road, including
driving-related glances (e.g., those to the vehicle mirrors). Three visual glance metrics were calculated for each task trial: (1)
mean off-road glance duration, (2) percentage of the participant’s off-road glances that were longer than 2 s, and (3) the total
duration of off-road glances. The Alliance guidelines are based on glances to device-related areas. In these analyses, all
glances to the center console were categorized as glances to the device and used to calculate the mean glance duration to
the device and the total duration of glances to the device. Note that glances to task-related areas (e.g., buttons on the steering
wheel) other than the center console were not considered as per the Alliance guidelines.
3. Results
3.1. NHTSA guidelines pass/fail conclusions
The NHTSA guidelines state that a task is suitable to be performed while driving if (1) 21 of the 24 participants’ mean offroad glance duration is less than or equal to 2 s, (2) 85 percent of the off-road glances made by 21 participants during the
data trial are not longer than 2 s, and (3) the sum of off-road glances during the trial is less than or equal to 12 s for 21 participants. Twenty-one of 24 participants corresponds to the 87.5th percentile value of the sample and was computed for each
measure. The 87.5th percentile value for average off-road glance duration was less than 2 s for all four tasks in both vehicles
(Table 2). The 87.5th percentile value for the percentage of a participant’s off-road glances longer than 2 s was less than 15
percent for every task except for the hard contact calling task using the Volvo Sensus. Finally, the preset radio tuning task
was the only task in both vehicles where the 87.5th percentile value for total duration of off-road glances was less than
or equal to 12 s. Hence, according to the NHTSA guidelines, the only task determined to be acceptable for performing while
driving using the Chevrolet MyLink or Volvo Sensus was preset radio tuning.
3.2. Alliance guidelines pass/fail conclusions
The Alliance guidelines state that a task is suitable to be performed while driving if (1) the 85th percentile average duration of a glance to the device for the sample is less than or equal to 2 s and (2) the 85th percentile of the average total time
spent glancing to the device for the sample is less than or equal to 20 s. The 85th percentile value for the average glance
duration to the device was less than or equal to 2 s for all four tasks performed using both the Chevrolet MyLink and Volvo
Sensus (Table 3). The 85th percentile value for total glance duration to the device during preset radio tuning was less than
20 s for participants who used MyLink and participants who used Sensus. The 85th percentile value for total glance duration
to the device also was less than 20 s for participants who used MyLink to perform the hard contact calling task, but not for
participants who used Sensus. The total duration of glances to the device during manual radio tuning and easy contact calling
exceeded 20 s for both MyLink and Sensus. Thus, the only tasks determined to be acceptable for performing while driving per
the Alliance guidelines were preset radio tuning using the Chevrolet MyLink or Volvo Sensus and hard contact calling using
MyLink.
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Table 2
NHTSA guidelines task evaluation results for each task.
System

Task

Average off-road glance
duration (87.5th percentile
value)

Percent of participant’s
off-road glances longer than
2 s (87.5th percentile value)

Total duration of off-road
glances (87.5th percentile
value)

Pass/fail

Chevrolet MyLink

Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling
Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling

1.22
1.00
1.09
1.08
1.28
1.24
1.17
1.36

9.09
0
8.00
0
11.76
0
12.50
22.22

20.6
2.76
21.36
17.47
24.25
3.71
12.09
14.16

Fail
Pass
Fail
Fail
Fail
Pass
Fail
Fail

Volvo Sensus

Note: Bold cells indicate the task did not meet the criterion.

Table 3
Alliance guideline task evaluation results for each task.
System

Task

Average duration of glance
to device (85th percentile
value)

Total duration of glances to
device (85th percentile
value)

Pass/fail

Chevrolet My Link

Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling
Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling

1.24
1.16
1.09
1.34
1.3
1.32
1.2
1.43

23.7
3.54
32.7
16.35
30.7
9.04
25.53
26.46

Fail
Pass
Fail
Pass
Fail
Pass
Fail
Fail

Volvo Sensus

Note: Bold cells indicate the task did not meet the criterion.

3.3. Monte Carlo analysis of NHTSA pass/fail conclusions
Only 24 of the 40 participants assigned to each vehicle were used to evaluate each task according to the NHTSA guidelines, so there was an opportunity to draw multiple new samples with a different combination of participants to evaluate the
consistency of the pass/fail conclusions for all four tasks. The same analysis could not be performed using the Alliance guidelines since all eligible participants were included in the Alliance guidelines sample. Six drivers in each of the four age groups
were randomly sampled from the 40 participants assigned to each vehicle. Participants were drawn with replacement to
allow for an even wider variety of participant combinations. A total of 1000 random samples of participants for each vehicle
were drawn, and each sample’s performance on the four tasks was evaluated per the NHTSA guidelines.
Table 4 shows the percentage of the 1000 samples in which the pass/fail conclusion matched the conclusion based on the
original sample selected for each vehicle. All of the 1000 random samples had the same pass/fail conclusion as the original
sample for manual radio tuning, preset radio tuning, and hard contact calling tasks using the Chevrolet MyLink, and all but
four of the 1000 samples had the same conclusion for easy contact calling. Consistent with the original sample, manual radio
tuning with the Volvo Sensus was determined to be unacceptable to be performed while driving for each of the 1000 random
samples. However, the pass/fail conclusions for the other three tasks with the Volvo Sensus were less consistent. Among
these three tasks, the pass/fail conclusions for 13.8, 25.6, and 3.0 percent of the 1000 random samples for the preset radio
tuning, easy contact calling, and hard contact calling tasks, respectively, did not match the original sample.
Extreme values above a criterion’s threshold could have generated inconsistent pass/fail conclusions in the Monte Carlo
analysis. Boxplots were constructed to detect outliers greater than three times the inter-quartile range above the third quartile (Tukey, 1977). Across the three tasks without total agreement with the original sample, more outliers were observed for
tasks performed by participants in the Volvo sample than for tasks performed by participants in the Chevrolet sample, and
many more of these values exceeded the thresholds for the acceptable level of visual demand (Table 5). Outliers were most
frequently observed for the percentage of off-road glances that were more than 2 s.
3.4. Age grouping assessment
The sampling requirements in the Alliance guidelines require participants to be between 45 and 65 years old; this is
intended to provide a conservative evaluation of visual demand. Expanding the sample to include younger drivers should
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Table 4
Percentage of 1000 random samples with the same pass/fail conclusion as the original sample. Original pass/fail conclusion
indicated in parentheses.
Task

System

Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling

Chevrolet MyLink

Volvo Sensus

100 (fail)
100 (pass)
99.6 (fail)
100 (fail)

100 (fail)
86.2 (pass)
74.4 (fail)
97 (fail)

Table 5
Number of outlier values for each criterion and the number that exceed the criterion’s threshold in parentheses.
System

Task

Mean off-road glance
duration (outliers > 2 s)

Percent of participant’s offroad glances longer than 2 s
(outliers > 15%)

Total duration of off-road
glances (outliers > 12 s)

Chevrolet MyLink

Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling
Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling

0
0
0
0
0
0
1
1

0
8
5
5
3
2
8
9

0
1
1
0
2
0
2
1

Volvo Sensus

(0)
(0)
(0)
(0)
(0)
(0)
(1)
(1)

(0)
(2)
(0)
(1)
(3)
(2)
(2)
(4)

(0)
(1)
(1)
(0)
(0)
(0)
(2)
(1)

result in similar or more favorable pass/fail conclusions. As an exploratory analysis, the Alliance guidelines were applied to
the task performance of the 24 participants selected for the NHTSA sample.
Expanding the age range of the sample did not change the pass/fail conclusions for the four tasks. The 85th percentile
values for the average duration of glances to the device during manual radio tuning (MyLink 1.18 s, Sensus 1.27 s), preset
radio tuning (MyLink 1.16 s, Sensus 1.31 s), easy contact calling (MyLink 1.17 s, Sensus 1.17 s), and hard contact calling
(MyLink 1.20 s, Sensus 1.41 s) were less than 2 s for both MyLink and Sensus. In both vehicles, the 85th percentile values
for the total duration of glances to the device were greater than 20 s for the manual radio tuning (MyLink 22.71 s, Sensus
30.42 s) and easy contact calling tasks (MyLink 20.03 s, Sensus 23.53 s) and less than 20 s for the preset radio tuning task
(MyLink 4.25 s, Sensus 9.04 s). The 85th percentile value for the total duration of glances to the device for the hard contact
calling task was less than 20 s with MyLink (15.27 s) but more than 20 s with Sensus (21.48 s). The pass/fail conclusions for
the four tasks when applying both guidelines and the Alliance guidelines to a driver sample with a broader age range are
summarized in Table 6.
4. Discussion
The current study compared the pass/fail conclusions of the NHTSA and Alliance guidelines for four visual-manual secondary tasks performed using two embedded infotainment systems in production vehicles during highway driving. Both
guidelines agreed that the visual demands of the manual radio tuning task and easy contact calling task were not acceptable
to perform using either the Chevrolet MyLink or Volvo Sensus while driving under the testing conditions employed. Selecting
a radio station using a push-button preset was acceptable with both MyLink and Sensus based on both guidelines. A hard
contact calling task using Sensus was not acceptable based on either set of guidelines under the testing conditions employed;
when using MyLink, the task passed the Alliance guidelines but not NHTSA’s.

Table 6
Summary of the pass/fail conclusions.
System

Task

NHTSA guidelines

Alliance guidelines

Alliance guidelines with broader age range

Chevrolet MyLink

Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling
Manual radio tuning
Preset radio tuning
Easy contact calling
Hard contact calling

Fail
Pass
Fail
Fail
Fail
Pass
Fail
Fail

Fail
Pass
Fail
Pass
Fail
Pass
Fail
Fail

Fail
Pass
Fail
Pass
Fail
Pass
Fail
Fail

Volvo Sensus

30
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Although the pass/fail conclusions across the four tasks were mostly consistent between the NHTSA and Alliance guidelines, there were some unexpected findings that suggest avenues for improving the robustness of the evaluation methodologies and different thresholds for an acceptable level of visual demand. Pass/fail conclusions with both guidelines are
determined according to thresholds based on the visual demand of manual radio tuning. Interactions with the radio and
other integrated vehicle controls were not associated with an increase in near-crash and crash risk among experienced drivers who participated in a naturalistic driving study (Klauer et al., 2014), supporting the rationale for using manual radio
tuning as a benchmark for an acceptable level of visual demand. However, in the current study this task was found to have
an unacceptable level of visual demand with both embedded systems during highway driving using both sets of guidelines.
Both the MyLink and Sensus systems had more functionality than the traditional radio used to determine the thresholds
in the Alliance guidelines (Alliance of Automobile Manufacturers, 2006; pp. 46–48), but the basic features and the types of
interactions required to tune the radio with both systems were similar. One difference was that the contemporary radios in
the current study were tuned with a rotary knob rather than a dedicated tuning push-button as described in the Alliance
guidelines; however, Perez et al. (2013) found that tuning a vehicle radio with push-buttons while driving on a closed test
track led to greater visual demand and took longer to complete than tuning a radio with a rotary knob. Nevertheless, there
are other differences between modern and traditional radios that may limit the implementation of manual radio tuning as a
reference task in modern vehicles. For instance, the demand of touch screen responses may not be equivalent to the demand
of push-buttons (e.g., Ranney, Baldwin, Parmer, Martin, & Mazzae, 2011). Similarly, the radio interfaces in many modern
vehicles are not as distinct from other functions, especially in much more crowded center console areas, as those found
in older vehicles with traditional radios.
The NHTSA and Alliance guidelines specify different driving tasks for task evaluation, and both differ from the driving task
in the current study. The roadway in the current study consisted of an interstate highway with gentle curves, a 65 mph speed
limit, and variable densities of free flowing traffic. The driving task in the NHTSA guidelines requires drivers to follow a lead
car traveling at a slower speed of 50 mph along a simulated, straight roadway. The roadway described in the Alliance guidelines is somewhat similar to the roadway in the current study – a divided highway with low to moderate levels of traffic –
but has a lower speed limit of 45 mph. The differences between these roadway environments may not be trivial considering
that travel speed, roadway curvature, and traffic density affect the amount of driving task-relevant information in the visual
scene and the visual demand of the driving task (Eby & Kostyniuk, 2004; Kujala, Mäkelä, Kotilainen, & Tokkonen, 2016). The
differences between the testing environments (i.e., simulated or real-world) are potentially less important (Victor, Harbluk,
& Engström, 2005; Wang et al., 2010).
Typical glances away from the roadway are about 1 s (Gellatly & Kleiss, 2000; Hoffman, Lee, McGehee, Macias, & Gellatly,
2005) and are rarely longer than 1.6 s (Victor et al., 2005; Wierwille, 1993), but drivers often change their behavior to cope
with more visually demanding roadways. For example, they glance away from the roadway less frequently and for shorter
periods of time on more visually demanding roadways (Senders, Kristofferson, Levison, Dietrich, & Ward, 1967; Tsimhoni &
Green, 2001; Tsimhoni, Smith, & Green, 2004). More visually demanding roadways would therefore lead to fewer off-road
glances lasting longer than 2.0 s that would exceed acceptance criteria specified in both guidelines. Drivers may also adjust
their speed to control the amount of driving task-relevant information missed over time when looking away from the roadway (Kujala et al., 2016). Depending on the vehicle’s speed, it is possible that glances shorter than 2.0 s could be unsafe in
more demanding roadway environments like intersections. The dynamics and visual demands of real-world driving vary
greatly, so the time-based acceptance criteria specified in the Alliance and NHTSA guidelines may only be relevant to a limited set of roadway environments that possess certain levels of visual demand. More generic acceptance criteria that incorporate the visual demands of the roadway and vehicle speed should be explored (e.g., Kujala & Mäkelä, 2015).
Both sets of guidelines allow tasks to be evaluated using the occlusion method. The occlusion method is a cost-effective
way of measuring the visual demand of an in-vehicle task to inform interface design (e.g., Baumann, Keinath, Krems, &
Bengler, 2004; Pettitt, Burnett, Bayer, & Stevens, 2004), but does not simulate driving task demand. In the occlusion method,
the driver’s visual sampling of the roadway and task interface are simulated by blocking the driver’s view of the task interface for 1.5 s every 1.5 s (International Organization for Standardization, 2007). However, this does not impose any visual
demands on the ‘‘driver” during a simulated glance to the roadway. Even having participants complete a simple visualmotor task when their view of the interface is blocked during an occlusion period can affect inferences made about the visual
demand of a task (Monk & Kidd, 2007). Future research should compare the consistency of pass/fail conclusions using simulated driving tasks and the occlusion method and validate the predictive validity of both methods with performance during
actual driving.
Some other notable differences in the task evaluation methods may affect the robustness of pass/fail conclusions within
and between the approaches. For example, the driving simulator testing per the NHTSA guidelines is based on a single errorfree trial, but the simulator, test track, or on-road testing per the Alliance guidelines considers task performance across multiple trials that may or may not include errors. Averaging performance across multiple trials should improve the precision of
measurement and reduce some of the inconsistency of pass/fail conclusions observed for the Sensus system in the Monte
Carlo analysis and noted in previous research (Aust, Rydström, Broström, & Victor. T., 2015). Interestingly, the NHTSA guidelines do not allow multiple data trials when tasks are evaluated in a driving simulator, but performance is averaged across
five trials when using the occlusion method (NHTSA, 2013).
Both guidelines allow multiple tasks to be tested in a single session to improve testing efficiency; however, this approach
may result in participant fatigue, confusion, or other problems (NHTSA, 2013). In the current study, the evaluation test
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results for both guidelines indicated that visual demand was greater for the easy contact calling task using MyLink than the
hard contact calling task even though it had two fewer manual inputs. The easy contact calling task always preceded the
hard contact calling task in the on-road study. Participants were thoroughly trained on every task before on-road testing
began, but were unfamiliar with the system and may have needed to reacquaint themselves with the steps needed to call
a contact. Any refamiliarization with the task steps would have affected performance during the easy contact calling task
more than the hard contact calling task. Providing instructions, practice, and testing separately before each task, as directed
by the NHTSA guidelines, could have minimized any order effect, but was not possible given the original study design
(Mehler et al., 2015).
The current study used data from Mehler et al. (2015) who assessed the attentional demands of performing various tasks
using the visual-manual and voice interfaces of MyLink or Sensus. In the experimental drive, Mehler et al. did not require
participants to complete the contact calling tasks as instructed during training to allow for a more naturalistic assessment
of the embedded interfaces. The Alliance guidelines do not address how to handle trials where the participant does not perform the task as instructed. However, task acceptance testing guideline E.10 in the NHTSA guidelines (pp. 41, NHTSA, 2013)
indicates that an experimenter can invalidate and remove a trial where the participant was not judged to not genuinely
attempt to perform the task as instructed. The NHTSA sample in the current study may have included trials where participants did not follow the sequence of steps they were instructed to perform for the contact calling task. Including these trials
in the current study may limit the degree to which the NHTSA guidelines were applied appropriately; however, it may not
have given that the experimenter is responsible for determining if such trials should be excluded.
The NHTSA guidelines also recruit a broader age range of drivers than the Alliance guidelines. Expanding the age range of
drivers beyond that specified in the Alliance guidelines did not affect the pass/fail conclusions in the current study, but it did
somewhat reduce the 85th percentile total duration of glances to the device for some tasks. For example, the 85th percentile
total glance duration was almost 13 s less for the expanded age range of drivers compared with the original sample for the
easy contact calling task using MyLink and about 5 s less for the hard contact calling task using Sensus. Relative to younger
drivers, older drivers make glances longer than 2 s more frequently when interacting with an in-vehicle device and look
away from the roadway for longer total periods of time (e.g., Wikman & Summala, 2005). These differences suggest that
excluding younger drivers and limiting the driver sample to 45–64 year-olds as specified in the Alliance guidelines does provide a more conservative estimate of visual demand as intended.
Neither set of guidelines has verified the predictive validity of manual radio tuning as a benchmark for discriminating
between tasks with levels of visual demand that do or do not compromise safety. On the other hand, naturalistic driving
studies have linked certain glance behaviors to increased crash and near-crash risk. For example, glances lasting longer than
1.7 s have been associated with a significant increase in near-crash and crash risk (Liang, Lee, & Horrey, 2014). In addition to
glance duration, the timing and distribution of off-road glances also are safety relevant. Drivers may miss sudden changes in
traffic conditions even during short glances away from the roadway (Victor et al., 2015). Examinations of glance behavior in
the 6 s surrounding crashes and near-crashes in two different naturalistic driving studies indicated that crash and near-crash
risk was significantly greater if the total duration of off-road glances exceeded 2 s (Klauer, Guo, Sudweeks, & Dingus, 2010;
Victor et al., 2015). Liang, Lee, and Yekhshatyan (2012) used naturalistic driving data to relate various methods for characterizing attention to the forward roadway with near-crash and crash risk. They found that the duration of the current offroad glance or summed duration of off-road glances during short time windows (e.g., 3 s) best explained the variance in
near-crash and crash risk associated with driver glance behavior; measures that summarized glance behavior over longer
periods of time were less precise. Based on these findings, restricting the total duration of off-road glances made during short
time segments of task performance may be an improvement over restricting the total duration of off-road glances during the
entire task.
5. Conclusions
The Alliance and NHTSA guidelines provide designers with a set of principles for limiting the visual demand of tasks performed using embedded in-vehicle systems and original equipment while driving, but they specify different criteria for
determining if a task is safe to perform while driving. This study found that the two task evaluation approaches led to similar
pass/fail conclusions when applied to four visual-manual tasks performed during highway driving. However, the visual
demands of highway driving likely are different from the visual demands of the driving situations in both guidelines. Drivers
often change their glance behavior or vehicle speed to cope with the visual demands of the roadway environment, and these
behavioral changes may influence the consistency of pass/fail conclusions across roadway environments. Exploratory analyses of the data suggested that the NHTSA guidelines may produce inconsistent pass/fail conclusions with only one trial and
would be improved by considering performance across multiple trials to minimize the influence of extreme outliers. The Alliance guidelines limit the age range of the testing sample, but broadening the sample age did not affect the pass/fail conclusions. Manual radio tuning was not acceptable when applying either set of guidelines, even though it is used as the
benchmark for a safe level of visual demand. The Alliance and NHTSA pass/fail criteria were developed based upon detailed
reviews of available empirical research around manual radio tuning. However, it can be argued that using a reference task to
set acceptable levels of visual demand may no longer be the most scientific way to define thresholds. Understanding the
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association between visual distraction and risk of safety-relevant events has been facilitated by analysis of data from several
naturalistic driving studies, and these data could help define appropriate thresholds for an acceptable level of visual demand.
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