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Emerging in-vehicle technology associated with
radio data systems (RDS), satelite radio,
navigation aids, and infotainment systems will
expose driversto an increasing amount of textual
information. Thevisual demands of driving make
it critically important to understand how
characteristics of such information affect visual
sampling of the roadway. This study used a
medium-fidelity driving smulator to evaluate the
effect of scroll control (manual, automatic), the
number of lines displayed (one, two, four), and
scrolling strategy (line-by-line, page-by-page) on
drivers visual sampling behavior of text messages.
Fifteen males and fifteen females, ages 25-51
(mean 35.7, s.d. 7.5), participated. Consistent with
previous models of sampling behavior, text
message characteristics affected the number of
glances much more strongly than the duration of
glances, and drivers were able to protect driving
performance even with a demanding secondary
visual task. However, the number of lines of text
displayed increased the mean glance duration, the
variability of glance duration, and the number of
glances greater than two seconds. Scrolling text
line-by-line increased visual demand relative to
scrolling page-by-page particularly when scrolling
is manually controlled by the driver. A touch
screen button for manual control of scrolling lead
to greater visual demand compared to
automatically scrolled text.

The proliferation of in-vehicle technology has brought
with it an abundance of textua information. One
chalenge of managing information from radio data
sysems (RDS), sadlite radio, navigation,
information systems and other sources is to develop
methods to present text information that are efficient,
simple, and place the fewest demands on the driver's
attention. While such data should enhance drivers
experience in terms of overal enjoyment, travel time
and efficiency, improperly displayed and controlled
text messages may distract drivers and lead them to

miss critical driving events. The design of text message
format and control therefore becomes an important
influence on the drivers overal visud sampling
behavior.

Current guidelines provide direction for the
development of advanced in-vehicle displays, which
include principles that apply to the presentation d text
information such as appropriate fonts and message
complexity (1, 2). However, tese guiddines focus
primarily on succinct vehicle state and navigation
information, with the intent of minimizing display
induced distraction. As more entertainment-based
systems are introduced into the vehicle, guideines
addressing longer messages unrelated to the primary
task of driving must be developed to present this
information in the least demanding manner possible.

Visual Sampling

Visua sampling guides how drivers extract information
inside and outside of the vehicle.  Simply put, the more
head-down time in-vehicle, the less time the driver has
to respond to changing roadway conditions. Senders
and colleagues (3) were the first to quantify the visual
sampling process in driving. They found that on a
closed highway, a vehicle could be driven with only
intermittent visual sampling. Using a helmet with a
visor that periodically occluded the forward view they
found drivers could easily maintain vehicle control with
surprisingly small periodic samples of the roadway.
Between samples, the driver becomes increasingly
uncertain about the state of the vehicle relative to the
roadway and when uncertainty exceeds a threshold, the
driver samples the roadway. Overdl, they found that
drivers are generally well-calibrated regarding the
buildup of uncertainty relative to the vehicle dynamics
and roadway characteristics.

Wierwille (4) extended this sampling model to
describe how drivers distribute their attention between
an in-vehicle task and the roadway. When drivers
glance towards the in-vehicle display, information
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extraction begins and time elapses. If drivers can
extract information in one second or less, they will
return their glance to the forward scene. However, if
extraction takes longer, drivers will continue to glance
a the display while uncertainty builds as the eyes
remain off the road. If the glance to the display
exceeds approximately 15 seconds and the
information cannot be extracted, drivers will quickly
feel pressured to return their eyesto the forward scene
and try again later. Additional samples are handled in
the same manner, until al required informetion is
obtained. Such a model predicts that the duration of
glances away from the road will remain relatively
constant as the visua demand of in-vehicle displays
increases, but that the number of glances will
increase.

Severd previous studies have considered the
frequency and duration of glances required to perform
various in-vehicle tasks. One study examined in-car
glance durations and number of glances for radio and
mirror tasks on the open road-in traffic (5). Results
showed that individual glance times into the car were
clustered around 1.27-1.42 seconds and that for radio
tasks such as tuning, four or five glances were
required. The authors concluded that drivers develop
a consstent time-sharing strategy for performing
tasks that require visua attention while driving.
Another study reported a series of 1-1.5 second
glances to the in-vehicle display/control system to
complete a range of in-vehicle tasks 6). Findings
also showed that the total task time depended on the
number of glances, not the mean duration of those
glances. Likewise, Bhise, Forbes and Farber (7)
found that single glance times to the instrument panel
vary relatively little while the number of glances
varies greatly with the type of task. All of these
results are generaly consistent with the sampling
model developed by Senders and colleagues (3), but
this relationship may not hold for complex text

messages.
Goal of Study

This study addresses the influence of different ways
of managing the display of text messages while
driving.  Specificaly, the overal visud demands
associated with reading and scrolling a message on a
multi-line display compared to a display containing a
gngle line of text has not been empiricaly
investigated.  In this study, the effects on visua

sampling of the control of scrolling—either
automatically controlled by the system or manualy
advanced by the driver, how much text is reveded to
the driver a any time—either one, two a four lines,
and the strategy for scrolling information—one line
Versus one page at atime, were examined. Four general
hypotheses guided this study:

To read a given amount of text, displaying more
lines will reduce the number of glances, but will

increase the duration of those glances.

Manua control of information display will lead the
driver to adjust the flow of information according to
the driving environment.

Scrolling through text page-by-page requires fewer
glances compared to advancing a message line-by-
line.

Overdl, text display characteristics will have a
greater effect on the number of glances compared to
the duration of glances.

METHOD

Participants

15 maes and 15 females, ages 25-51 (mean 35.7, s.d.
7.5), participated in this experiment. Each participant
had been driving for at least five years, possessed a
valid driver’s license, and had normal or corrected to
normal vision that did not require eye glasses. Only
native English speakers were included in this study to
eliminate potential confounds related to comprehension
of message content. Prior to participating in this study,
drivers were screened to exclude those who had
participated in previous driving simulator studies as
well as those prone to simulator sickness. Participation
lasted approximately two hours, for which drivers were
compensated $30.

Driving Simulator Description

Data were collected using the medium-fidelity, fixed-
base DriveSafety Corporation Vection Research
Simulator (VRS) located a the Cognitive Systems
Laboratory at the Universty of lowa The smulator
utilizes a fully equipped 1992 Mercury Sable cab
equipped with a 50-degree visua field of view, full
instrumentation with  functional gauges, a force
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feedback steering whedl, and a surround-sound audio
system. The fully textured graphics are generated by
PC hardware that delivers a 60 Hz frame rate at 1024
X 768 resolution. Eye movements were recorded with
a Seeing Machines eye tracker driven by the Facel ab
2.0 software.

Driving Environment

The driving environment consisted of a two-lane
highway with dtraight and curved sections of
roadway, representative of those found in rura lowa.
Curves of either 100 or 200 m (328 or 656 ft) radius
of curvature were encountered approximately every
45 seconds. The roadway had four intersections
controlled by traffic signas placed so that drivers
experienced an intersection approximately every three
minutes. Traffic in the opposite lane was encountered
at arate of three to four cars per minute. Participants
were instructed to drive 45 mph (20 m/s) and follow a
lead vehicle which periodically braked, requiring
participants to respond in order to avoid a collision.
Except during the braking events, drivers were
separated from the lead vehicle by a minimum time
headway of 1.7 seconds. This headway was not fixed,
resulting in some drivers increasing the time headway
and avoiding the braking events.

Text Message System Description

Text messages were presented on a sever-inch 640 x
480 resolution LCD color display, mounted on the
dash above the center instrument panel 32.5 degrees

e —

lateral and 15.42 degrees below the driver’sline of sight
(Figure 1). The text messaging program was devel oped
using Microsoft Visual Basic 6.0 and used a 5x7 dot
matrix font, ‘LCD Display Grid', with RGB color
values (80,143,194) to present 22 characters per line,
each of which was 4 mm wide and 4 mm tall. There
was a 0.5 mm separation between lines, resulting in a
total display area of 18 x 88 mm.

Text Message Task

In addition to the primary task of driving, participants
were asked to read in-vehicle text messages presented
on the dashtmounted display. The messages described
restaurants available in a town they were approaching.
Descriptions included the name, the average cost of an
entrée based dollar a dollar sign rating, the quality
rating, the cuisine served, and the distance the
restaurant was located from the center or downtown
area. Each message was approximately 170 characters
and 30 words long as an example: “The third
restaurant, the Great Steakout, has an average entrée
cost of $ and a quaity rating of 3 stars. The Great
Steakout specializesin steak. It islocated 2 miles from
downtown.” Three target messages were presented
during each drive, separated by distracter messages
conssting of radio dation call sgns, weather
information, and the current date. A chime informed
the participants that a message was available, at which
time the driver pressed the touch screen to display the
message. Upon completing each drive, participants
were asked a series of questions relating to the
restaurant messages to assess reading comprehension.

g8 mm '

FIGURE 1 Position of text display relativeto driver, with the eye tracking system shown abovethe steering

wheel.
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Experimental Design and Independent
Variables

A 2X3X2 mixed, between and within experimental
design was used to compare the text message system
characteristics of scroll control, tested as a between
subjects variable, and scrolling strategy and number
of lines displayed, which were tested as within-
subjects variables. Scroll control defined how the
text was advanced and had two levels, either
automatic or manual. Manual scrolling required the
driver to press a soft button on the touch screen to
advance the message. In contrast, the automatic
scrolling required no input from the driver to advance
the message, occurring every four, five, or twelve
seconds depending on whether one, two or four lines
were scrolled, respectively.  The timing of the
automatic scrolling was based on a preliminary
analysis of the time between manual activations of a
scroll and corresponded to an 85" percentile response
time. Number of lines defined the amount of text
visible to the driver at any time and had three levels:
one, two, or four lines. Scrolling strategy defined
how much text was advanced in scrolling the message
and had two leves, line-by-line or page-by-page.
Line-by-line scrolling introduced one new line of a
message each time the button on the touch screen was
pressed or when the system automatically advanced
the message. In contrast, page-by-page scrolling
replaced al of the lines currently displayed with new
lines of information. Note that this design was a
partial factorial design because it is not possible to
make the line and page scrolling distinctions with the
one-line display.

Procedure

Upon arriving, drivers completed an informed consent
form, received ingructions for the driving and
message tasks, and the eye tracker was calibrated. A
five minute practice drive began with aleft curve and
a right curve which allowed participants to become
comfortable with the steering and vehicle dynamics.
An example of each message presentation type was
then presented on a straight section of roadway,
alowing drivers to familiarize themselves with the
operation of the text messaging system. The lead
vehicle was not present in the practice drive, allowing
participants to concentrate on operation of the

simulator and the text messaging system. Upon
completion of the practice drive, participants were
asked three questions representative of those they were
to receive following experimental trials.

Experimental trials consisted of five ter-minute
drives similar to the practice drive. Participants drove
the same driving environment in both directions to
prevent association of the onset of the messages with
particular features of the driving environment while
encountering an equal number of curves and
intersections. Upon completion of each drive,
participants answered six questions related to the target
messages and filled out a NASA TLX questionnaire.
Following the final drive, participants were debriefed
regarding the purpose of the study, compensated for
their time, and thanked for their participation.

Dependent Variables

The effect of the text message system parameters on
driver behavior was assessed using five categories of
dependent variables. The first category assessed visual
demand of the message system, which included
frequency and duration of glances to the display, a
breakdown of the glances into short (<1 sec), medium
(1-2 sec) and long (>2 sec) glances, and the duration
between glances to the display. The second category
assessed message  management and  included the
response time to initiate a message following indication
it was available, the time between button presses to
scroll the message, and the percent of times the eyes
were on the display during a scroll.  The third category
assessed driver productivity, measured by message
comprehension scores and the total time required to
read a message. The fourth category assessed driving
performance, including the average speed during a
message, the difference in steering entropy (8) between
driving while reading a message and driving alone, and
the root mean square of the vehicle' s deviation from its
mean lane position. The fifth category assessed driver
workload using the NASA TLX subject workload scale
measures of tempora demand and mental effort.

RESULTS

Data were reduced using Matlab 6.5 and aggregated
across each tria by calculating the mean value for al
the dependent variables for the three messages read.
The mean data were then anayzed using SAS for
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Windows 9.0. To accommodate the partia factoria
design of this experiment, the PROC MIXED
function in SAS was used to develop two statistical
models for each of the dependent variables listed
above. Thefirst modd included the scroll control, the
number of lines, and the interaction between the two
conditions. Because the one-line display did not
differ between scroll strategies, a second model was
fit to the data for the two- and four-line conditions
which included the scroll strategy, the number of lines
by scroll drategy interaction, and the three-way
interaction between scroll control, the number of
lines, and scroll strategy. The composite symmetry
covariance structure was used for all the analyses, and
participant was the repeated measures variable. The
LSMEANS function was used to obtain a least
sguares estimate of the means and the standard error
of the means.

Message Initiation

Upon recelving indication a message was available,
the driver was required to press a button on the touch
screen to initiate display of the message. The mean
and median times to initiate a message were 3.93 and
3.02 seconds, respectively. Message initiation times
ranged from 1.45 seconds to 15.74 seconds with a
standard deviation of 2.81. Surprisingly, given the
range of initiation times, no display characteristic had
a statistically significant effect on when the driver
began reading the message. Drivers initiated the
message at approximately the same time whether the
scroll control was under automatic (M= 3.41 s) or
manual control (M= 448 s), F (1,28) = 1.70, p =
0.2024). Likewise, the standard deviation of the
initiation time did not show a statistically significant
effect of scroll control, with similar mean values for
automatic (M=155) and for manua control
(M=2.81), (F(1,28) = 1.74, p= 0.1984).

Number of Glances

Once displayed, drivers begin sampling the message
with a series of short glances. Across al display
conditions the mean number of glances required to
read the message ranged from 9.59 to 19.7, with the
largest number of glances seen with the four-line
display scrolled manudly line-by-line.  The totad
number of glances required to read a message

depended on the text display system characteristicsin a
complex manner, as shown by the three-way interaction
between scroll control, the number of lines displayed,

and scrolling strategy (F (4,33) = 13.43, p < 0.0001) in
Figure 2. Overdl, line-by-line and manual scrolling of
messages required more glances to the display than
automatic scrolling.  In genera, paging reduced the
number of glances made to the display, a benefit which
was more pronounced for manua control. One-line
displays required an approximately equal number of

glances for the automatic as compared to the manua

scrolling condition.  As the number of lines displayed
increased, the number of glances tended to decrease (F
(2,46) =4.88, p = 0.012). The variability in the number
of glances followed a similar pattern to the mean
number of glances, with a significant three-way
interaction in which manua control varied more than
automatic control and the line-by-line strategy varied
more than the page-by-page strategy (F (4,33) = 3.11, p
= 0.0282). Asin Figure 2, the decrease in variability
associated with the page-by-page scrolling of afour-line
display was much greater for manual compared to
automatic scroll control.

Glance Durations to Display and the Road

Across al display conditions the mean glance duration
to the display ranged from 0.76 to 1.14 seconds, with
the longest glances seen with the four-line display
manually scrolled line-by-line. Overal, manual control
of message scrolling resulted in longer mean glances
than automatic scrolling (F (1,24) = 5.98, p = 0.0222).
Increasing the number of lines displayed increased the
duration of glances, F (2,46) = 28.53, p < 0.0001, with
mean glance durations of 0.87, 1.00, and 1.09 seconds
for the one-, two-, and four-line displays, respectively.
Increasing the number of lines also increased the
variability of glance duration, F (2,46) =8.98, p =
0.0005, with standard deviations of glance duration of
0.37, 0.45 and 0.47 for the one-, two-, and four-line
displays, respectively. Page-by-page scrolling resulted
in dightly shorter glance durations (M=1.02) compared
to line-by-line scrolling (M=1.07), (F (1,23) =452, p =
0.0441), but this effect is highly dependent on the
number of lines displayed. The mean glance duration
was shorter when fewer lines were presented and the
driver advanced the message with a paging strategy,
compared to aline-by-line strategy with more lines of
text, as shown in Figure 3.
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FIGURE 2 Mean number of glances made to the display during a message.

More important than the mean glance
duration is the distribution of glances. A display that
induces a few long glances may undermine driving
performance more than a display that has a dightly
longer mean glance duration. Across al display
conditions the percentage of glances longer than two
seconds ranged from 0.11% to 5.4%, with the greatest
percentage of long glances seen with the four-line
display automatically scrolled line-by-line. A three-
way interaction for the percentage of long glances
existed between scroll control, the number of lines
displayed, and scrolling strategy (F (4,33) =141, p=
0.0258). In generd, the number of long glancesto the
four-line display was not influenced by scroll control
or scroll strategy. When compared to the two-line
display, the four-line display (M = 4.92%) performed
worse than the two-line display scrolled automatically
(M = 222%) and the two-line display manualy
scrolled page by page (M = 0.11%), while the two-
line display manually scrolled line-by-line performed
equally poorly (M = 4.54%).

Across al display conditions the mean duration
between glances to the display—the length of glancesto
the roadway—was 1.69 seconds and ranged from 1.38
seconds for the two-line display scrolled manually line-
by-lineto 2.11 seconds for the four-line display scrolled
manually page-by-page. For the automatically scrolled
one-line (M=1.80 s) and two-line (M=1.86 s) displays,
drivers tended to wait longer between glances compared
to manua scrolling (M=1.63 s, M=1.45 s), but waited
longer between glances for the manually scrolled four-
line display (M=1.81 9 than the automatic (M=1.69 s),
(F (2,46) = 3.74, p = 0.0314).

Eyes on the Display during a Scroll

Drivers had their eyes on the display during a scroll a
greater percentage of times for manua scrolling as
compared to automatic scrolling (F (4,33) = 1547, p <
0.0001). Within manua control, drivers eyes were on
the display approximately the same percentage of times



14 - —<¢— Manual
---[F-- Automatic

o ? ........... o %
c
i=l
T 0.8 -
]
: 7
]
o
8
) 0.6
C
[}
(]
=

0.4 -

0.2

0
Line/Page Line Page Line Page
1 Line 2 Lines 4 Lines

FIGURE 3 Mean duration of glances made to the display during a message.

for twoline (M=77.8%) and four-line displays
(M=74.5%), while in the automatic condition this
difference was larger (M=34.7% for two-line displays
vs. M=43.82% for four-line displays). For the one-
line display, drivers attended the display during
scralling 83.6% of the time under manual control and
only 30.8% when it scrolled automaticaly.

Total Time to Read a Message

Across al display conditions the mean time to read a
message ranged from 23.8to 45.9 seconds, with the
four-line display manualy scrolled line-by-line
leading to the longest time to read a message and the
two-line display manudly scrolled page-by-page
supporting the shortest. Figure 4 shows that the time
to read a message, similar to the number of glances,
depends on a three-way interaction. The total time a
message remained on the display was generally
greater for manual scrolling than for automatic, and
for the line-by-line scrolling strategy than for the

page-by-page, with the exception of the four-line
display that was paged automatically (F (4,44) = 13.06,
p < 0.0001). In the manual condition, the number of
lines displayed had little effect on the total time it took
to read amessage. The variability in total message time
followed the same pattern as seen in Figure 4, where
manual scrolling and line-by-line scrolling exhibited
more variability, with the exception of the four-line
display automatically paged (F (4,44) = 999, p <
0.0001). This pattern of results is quite similar to the
mean number of glances shown in Figure 2, in fact the
correlation between the mean number of glances and
the total time to read a message is 0.67. In contrast, the
correlation between the mean glance duration and the
total time to read a message is -0.09.

Message Comprehension and Driving
Performance

A logistic regression mode showed that manual control
of scrolling was likely to increase steering entropy
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while reading a message as compared to driving aone
(?(1) = 155, p < 0.0001). Manipulation of the
number of lines displayed and the scrolling strategy
had no dignificant effect on any of the driving
performance measures collected (RMS lane deviation,
average speed, steering entropy). Overall, the effect
the presentation characteristics had on sampling
behavior, but not on driving performance, suggests
that the low-demand rural driving environment, rather
than the tradeoff between the text reading task and the
driving task, mogt likely contributed to thisresult. In
addition, no gignificant difference was observed
between the number of correct responses to the post-
drive questions based on the display characteristics.

In general, drivers tended to respond correctly 77% of
the time. A man effect was observed for the
tempora demand experienced by drivers. Subjective
ratings indicated that automatic scrolling (M = 49.2)
was substantialy more temporally demanding
compared to manual scrolling (M=25.6) (F (1,28) =

8.49, p = 0.0069).

Summary of Results

Table 1 summarizes the mean vaues for the primary
dependent variables of interest. The values in bold
represent the best performing combination(s) of display
characteristics for a particular dependent variable.
Performance was not assessed for differences which
failed to reach statistical significance.

DISCUSSION

The purpose of this study was to examine how in-
vehicle text messaging display characteristics affect
visual sampling behavior. Specifically, the experiment
compared scroll control  (manua, automatic), the
number of lines displayed (one, two, or four), and
scrolling strategy (line, page). To apply these findings
and models of visual sampling to text message display
design, we have decomposed the life of a message into
an iterative sequence. This decomposition reveals that
there is more to atext message than just reading; drivers



TABLE 1. Summary of Findings(Bold I ndicatesBest Perfor mance)

Manual Automatic
1Lline 2 Lines 4 Lines 1Lline 2 Lines 4 Lines
Line/ Line Page Line Page Line/ Line Page Line Page
Page Page
Mean number of 16.3 197 142 195 123 156 128 96 107 112
glances
Mean glance 098 1.07 1.04 114 1.12 076 095 092 111  0.99
duration (s)
Meaninter-glance  ; e3  138 147 151 211 180 1.83 1.89 154  1.82
duration (s)
Percent of long 1.97 450 011 510 4.60 073 170 280 540 460
glances (%)
Message initiation
response time (s) 427 493 480 459 4.13 3.36 3.65 3.17 3.99 2.83
Mean time
between button 411 591 6.62 7.86 1230 4.00 4.00 5.00 4,00 12.00
presses (s)
Percent of times
eyesonthe display 83.6 76.0 796 77.0 722 30.8 34.8 35.0 47.4 41.1
during a scroll (%)
Message 47 42 43 48 41 52 48 47 46 49
comprehension
Total time per 380 459 272 468 340 358 317 243 238 344
message (s)
Average speed
during a message 39.8 399 395 393 394 39.3 38.6 39.3 38.6 39.4
(mph)
SM.S'.a”e 056 054 054 050 0.56 044 043 048 050 0.46
eviation
Entropy difference  0.034 0.062 0.063 0.036 0.045 0.008 -0.006 -0.041 -0.014 -0.038
Temporal demand 22.2 30.2 221 285 28.0 50.9 53.3 46.6 49.8 46.2
Mental effort 56.2 70.0 594 563 665 72.8 68.3 69.5 67.4 70.1

must manage the timing and display of the message
(see Figure 5). Although the amount of information
in a message had a strong effect on drivers' sampling
behavior, the display characteristics that influence
how a driver manages the message display aso
influenced visua sampling.

In Figure 5, the first phase following a nominal
state (e.g., blank screen) is the initiad state change
signifying the arrival of a new message. The display of
the message begins with message entry. Messages can
either appear smply by ‘turning on’ or enter
dynamically (e.g., either by diding in horizontally or
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vertically), the control of which is given to the driver
or is automatically carried out by the system.
Understanding the factors influencing when the
message is initiated is particularly important because
the timing of the demands of reading a message
relative to the roadway demands may be more
important than the absolute demands of reading the
message itself, such as during curve negotiation.
Results of this study, however, showed that contrary
to our hypothesis, drivers did not anticipate upcoming
roadway demands and delay messages that scroll
automaticaly. Drivers accepted both manually and
automatically scrolled messages shortly after they
were notified.  Overadl, these results provide
preliminary evidence that drivers are not likely to
adjust when they initiate a message as a function of
system characteristics or driving demands.

Following initiation of the message, the
reading phase begins and visua demand begins to
build. The driver samples the message, returns
hisher vision to the forward roadway, samples the
message again, returns to the roadway, and so on,
until the displayed portion of the message has been

read. Figure 5 shows how these considerations might
trandate into a typical sequence of glances during the
reading phase of the message. Consistent with our
hypothesis, the mean glance duration tended to increase
and the number of glances tended to decrease as the
number of lines displayed increased. This suggests that
when more information is available, drivers will tend to
sampl e the message longer to extract more information.
The variability in these glance durations also increased
with the number of lines, as did the number of glances
longer than two seconds. These results suggest that
large, multi-line displays may induce very long and
potentially distracting glances away from the roadway.
After the displayed portion of the message has
been read, the message must be scrolled by the driver or
the system, before the reading phase can resume. In
this experiment, the manual activation of the scrolling
button was relatively demanding, requiring the driver to
glance towards the display to press the scrolling button
on the touch screen. This activity induced substantially
more glances to the display than automatic activation.
The percentage of time the eyes were on the display
during a scroll supports this conclusion, with manual
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scrolling resulting in drivers eyes being on the
display for twice the number of scrolling initiations as
compared to automatic scrolling. Automatic scrolling
resulted in a greater number of short glances to the
display, particularly for one-line displays, which may
reflect check glances made to the display to determine
when the system had scrolled Longer durations
between glances to the display were also observed for
automatic scrolling of one- and two-line displays,
suggesting individual glances may have been able to
capture al the information displayed. Here, drivers
may have been waiting for information to change
before glancing to the display again, suggesting
researcch may be necessary to determine if
confirmation of information change (i.e, a tone)
would promote a more effective sampling strategy.

Following the initiation of scrolling (Figure
5), information can either enter and exit one line a a
time, or the entire page of information can be
replaced. The strategy used to scroll information can
determine whether, following a scroll, drivers will
need to reorient themselves within the message prior
to beginning to extract information, which is
particularly important in displays that have many
lines of text. Consistent with our hypothess,
scrolling page-by-page required fewer glances than
line-by-line scrolling. Two factors explain this effect.
First, page-by-page scrolling requires fewer button
presses in the manua condition, reducing glances
associated with the button press activity. Second,
line-by-line scrolling limited the amount of
information drivers could extract in a single glance.
Drivers had to <an the message to identify new
information because al but one line of the display
was redundant with the information before the scroll
event. The interaction between the scroll control and
scroll strategy supports this interpretation. Line-by-
line scrolling requires more glances than page-by-
page, an effect which is much stronger for manual
scrolling than automatic.  This explanation is aso
confirmed by the greater number of long glances with
the line-by-line dstrategy. The combination of
scanning and reading increases the overal glance
duration, resulting in potentially dangerous glance
durations when more information must be scanned in
multi-line displays.

The reading and scrolling process shown in
Figure 5 is repeated until al the information in the
message has been extracted.  While scrolling
activation adds some time to the sampling process,
the total time to read a message is primarily a product

11

of the number of glances and the glance durations.
Consistent with our hypothesis, the mean number of
glances was strongly related to the total reading time
while the mean glance duration was not. This is
generaly consistent with the findings of a previous
study in which the mean number of glances and mean
total task time correlate strongly (0.948) (6). The
relationship in this study is not as strong, which may
reflect the complexity of the interaction. Previous
studies have considered relatively simple discrete tasks,
whereas this one involved interaction over a span of 20
to 50 seconds. The total reading time was particularly
poorly predicted by the number of glances in two
conditions.  Messages on the two-line, manudly
scrolled, page-by-page display were read more quickly
than expected and the four-line, page-by-page display
took longer to read than expected based on the mean
number of glances. One explanation for these
discrepancies is that drivers may have delayed glances
to the four-line display to accommodate driving
demands because they anticipated the high visual
demand associated with this display.

The overal results support the hypothesis that
incressng the amount of information displayed
prompted fewer but longer glances to the display. This
included the increased amount of information
introduced by the strategy which scrolled multiple lines
a atime. Single line displays showed many short
glances to the display which, when coupled with the
large number of times the message must be scrolled,
resulted in alonger overall time to read amessage. The
duration of glances supports previous findings of visual
sampling behavior (4, 5, 6, 7), as represented in Figure
6, which shows a plot of the mean number of glances
versus mean glance duration results from this study and
results for certain in-vehicle tasks observed in a
previous study (9).

CONCLUSIONS

A substantial range of message display parameters had
little effect on message comprehension, but most
affected reading speed and visua demand. Four-line
messages displayed automaticaly line-by-line and two-
line messages displayed page-by-page were read most
quickly. However, reading speed must be balanced
with the potential for distraction. Overdl, line-by-line
scrolling required a greater number of glances than
page-by-page. Displays with more lines led to longer
glance durations and a greater number glances longer
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1989).

than two seconds, which are likely to interfere with
driving. Manual scrolling of text messages usng a
touch screen induced substantially more glances
compared to automatic control and so the message
management demands may outweigh the benefits in
enabling the driver to pace the interaction. Other
scroll control mechanisms, such as a steering wheel
button, may capture the benefits of alowing the
driver to pace the interaction without adding to the
visua demand.

An important caveat of this study is the
limited age range considered. For example, one study
showed that when interacting with aradio, cassette, or
cellular phone, no experienced driver glanced away
from the road for longer than three seconds, but 29%
of the inexperienced drivers did (10). This suggests
that the calibration of uncertainty about the roadway
in younger drivers may not be well suited to a more
demanding secondary task such as reading text
messages, which requires efficient visual sampling to
sustain driving performance. Alternately, ege-related
declines in the speed of processng and selective
attention would likely make this task much more
difficult for older drivers. As a consequence, our
results may underestimate the effect of text message
displays on the overall driver population.
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