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higher spatial ability. However, a simulated in-vehicle turn-by-turn route guidance display
enhanced navigational performance for both older and younger drivers, and for drivers with
varying spatial abilities. The study was conducted in the VIDSIM laboratory, a part-task driving
simulator that is part of the Human Factors Laboratory at the Federal Highway Administration’s
(FHWA ) Turner-Fairbank Highway Research Center in McLean, Virginia.
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INTRODUCTION

Advanced Traveler Information Systems (ATIS) provide in-vehicle travel-related information
and navigational assistance to drivers. ATIS uses data obtained from roadway-based sensors,
traffic site reports, and traffic management centers to update estimated trip times, provide
alternative routes, and display route guidance.(‘) One goal of ATIS is to improve driver
navigation by conveying route guidance via simple, turn-by-turn displays. As much as 6 percent
to 9 percent of all travel time is attributable to driver navigational error, costing millions of
dollars annually in wasted fuel, traffic delays, and higher risk of accidents.(2-4) It follows that
improving driver navigation would result in increased roadway capacity.

The success of ATIS at reducing travel time will be determined, in part, by the extent to
which ATIS improves the navigational efficiency of all drivers. In this sense, knowledge
about the sources of differences in driver navigational ability could be used in the design
and evaluation of route guidance systems. As discussed below, earlier research points to
spatial ability as a likely factor influencing navigational ability. Furthermore, age-related
decrements in spatial ability suggest that older drivers may have diminished navigational
ability relative to younger drivers.

The purpose of the study reported here was to address these questions by measuring the
extent that ATIS improved navigational ability for drivers with different levels of
navigational skill, including older drivers and drivers with lower spatial ability.

Older Drivers

The safety and mobility of older drivers, generally defined as 65 years of age and older, are
increasingly relevant to transportation research.(5)) Due to an increasingly aging population,
both the number and proportion of older drivers are rising. It is estimated that by 2020, 17
percent (50 million people) of the U.S. population will consist of people age 65 and older,
compared to 12 percent in 1988.(6)@ Also, the proportion of older adults licensed to drive is
increasing. For example, 60 percent of older adults (at least age 65) were licensed to drive
in 1980, compared to 70 percent in 1989. In contrast, the increase in the total driving
population during that period was 2.1 percent (84.5 percent and 86.6 percent,
respectively) . ( 7 , 8 )

Aging is characterized by a global reduction in attention resources, leading to reductions in
cognition and perception.(9)

and conceptualization.(10-13)
Age-related deficits occur in language, memory, spatial ability,
Visual ability also deteriorates with age across a wide range of

functions, including light sensitivity, acuity, visual field, night vision, color vision, and
spatial resolution.(14-16)

Cognitive and visual deficits increase the difficulty of the driving task for older individuals.
This difficulty may explain why older drivers are among the most hazardous in the
population in terms of crash risk per mile.@) It is perhaps in compensation for these deficits
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that older drivers often choose to drive during daylight, off-peak hours, and on lightly
traveled roads. (17) Despite these precautions, older drivers are overrepresented in accidents
involving turns, merges, and yielding the right of way.(18) Older drivers are also more
likely than other drivers to suffer serious injury or death in crashes.(6)

Age and Navigation

Older adults often suffer a decline in way-finding skills that constrain their mobility even in
neighborhoods familiar to them.(19)) Older adults are less familiar with the geography of
their neighborhoods than younger people, they restrict themselves to smaller areas, and they
draw neighborhood maps with less accuracy and organization.(19) Furthermore, age-related
reduction in spatial ability may affect map-reading and navigational skills.(13) For example,
older individuals develop inefficient and inaccurate route plans, and they recognize fewer
landmarks than do younger people.(20,21)

Declines in way-finding skills limit the mobility of older drivers due to the increased
likelihood (and possibly fear) of getting lost. But alternative means of transportation are
notably lacking in most areas, so driving often remains the first choice of transportation
mode. However, as described above, driving (as well as reading maps, choosing routes
from maps, and following directions) can be difficult tasks for older adults. It follows that
route guidance systems, which are designed to simplify navigation, might enhance the
performance of all drivers, including older drivers.

A potential problem with route guidance systems is that drivers may not easily divide
attention between the display in the vehicle and the external, forward view. The visual and
spatial processing required to match the characteristics of the roadway to the display may
distract the driver from the primary task of safely handling the vehicle. Older drivers, in
particular, may be vulnerable to any distracting effects of in-vehicle displays. Research has
shown that older adults have particular difficulty in divided-attention tasks.(22) For these
reasons, it is important to evaluate the effects of age on route-following when using route
guidance systems.

Spatial Ability and Navigation

Another factor that may affect performance with route guidance systems is spatial ability.
Spatial ability is the component of intelligence that processes information about the
relationships among objects. It is distinct from verbal, mathematical, and reasoning
abilities and is a relatively stable dimension of intelligence.(11,23-26) Individuals vary widely
in their ability to solve both simple and complex spatial problems.(24-28) High-spatial-ability
individuals are able to encode spatial information more easily, more accurately, and in more
detail than low-spatial-ability individuals.(23)

Spatial ability is involved in navigational aspects of the driving task, including route-
following and map-reading. Route-following requires a range of spatial skills, such as

2



recognizing terrain, being aware of one’s direction and orientation, and comparing the
spatial features of the real-world to their representations on navigational aids.(“)

Map-reading requires spatial ability. High-spatial-ability individuals are likely to have good
map-reading ski11s.(30-32) In contrast, low-spatial-ability individuals are likely to read maps
poorly and make less accurate navigational decisions. Spatial ability is also a factor in
related areas, such as navigational preferences, habits, and experiences, as well as sense of
direction and spatial orientation.(33,34)) Some drivers prefer verbal directions, and perform
worse when working with spatially based maps.(33)’ These drivers may take more time to
access and process spatial information. As a result, paper maps may have limited appeal
and usefulness to these drivers. Written verbal directions, consisting of linear lists of turns
and devoid of spatial information, may be more useful to people with poor spatial skills.

OBJECTIVES

This research had two related objectives. The first was to evaluate driver navigational
performance with an ATIS route guidance display and traditional aids, including paper
maps and text directions. The second was to evaluate the effects of driver differences in
spatial ability and age on  navigational ability. These objectives are related because
knowledge about the relationship between age, spatial ability, and navigational performance
can be applied to the evaluation of the capacity of ATIS route guidance to improve the
navigational performance for drivers with varying navigational skills. To understand the
relationship between age, spatial ability, and the ability to follow a route with different
types of navigational information, subjects were tested on  their spatial ability and they
performed a route-following task in a part-task driving simulator. In addition, subjects
completed a navigational questionnaire that assessed navigational styles, preferences, and
habits.

METHOD

Subjects

Fifty-six licensed drivers participated in this study. Half the subjects were part of a
younger group (30 to 45 years old) and half were part of an older group (65 to 75 years
old), each balanced by gender. Subjects met a minimum of 20/40 corrected vision.
Subjects were recruited from a subject listing maintained by the Human Factors Laboratory
at the Federal Highway Administration’s Turner-Fairbank  Highway Research Center
(TFHRC). Each subject was paid $20 for participating in the 2-h session.

Design

The study used a 2 (age group) x 2 (gender) x 4 (type of navigation aid) mixed
experimental design. The type of navigational aid was the within-subjects variable.
Subjects performed a navigational task under four conditions, using: (1) text directions. (2)
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n

a paper map that was enlarged 225 percent, (3) a standard-scale paper map, and (4) an
ATIS turn-by-turn route guidance display. Subjects also performed a secondary tracking
task. Repeated measures of route-following and tracking performance were collected.
Route-following performance was measured by navigational accuracy and decision time.
Tracking performance was measured by error frequency and error duration.

Apparatus

Simulator. Each subject was tested in a part-task driving simulator, consisting of a driving
buck facing a 914-mm (36-in) Mitsubishi television monitor and a 152-mm (6-in) JVC
monitor to the subject’s right (see figure 1). A keypad with three arrow keys (left, right,
and straight) was placed behind the steering wheel within easy reach of the subject. A
personal computer controlled two NEC PC-VCR’s that played videotapes of a real-world
route on the Mitsubishi monitor and a matching turn-by-turn route guidance display on the
JVC monitor. A laser tracking device was controlled separately by a TANDY 1400
computer.

FRONT MONITOR

 SIDE MONITOR

TRACKING DEVICE

EXPERIMENTER
CONSOLE

Figure 1. Diagram of the part-task driving simulator.

Navigational Aids. The navigational aids were a paper street map, a large paper map, text
directions printed on paper, and an ATIS turn-by-turn display. The route was highlighted
on both paper maps. The text directions described the route in terms of the number of
blocks and street names. An example of text directions is shown in table 1. (Note that the
actual font size used was CG Times Scalable 25 point.)
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Table 1. Example of text directions.
You are heading southeast on Holly Avenue.
Take the second left onto Aspen Avenue N.
Take the second right onto Ash Road W.
Take the second left onto Alder Avenue.
Take the fourth left onto Derby Avenue W.
Take the second right onto York Road.
Take the first right onto Laurel Avenue W.
Take the second right onto Vernon Street N.
Take the first left onto Vernon Court W.
Stop at the end of the street.

Both the large paper map and text directions were clipped to the front of the side monitor,
so that these aids had the same distance from the subject as the turn-by-turn display. Each
subject was allowed to either hold or place on the dashboard or lap the standard paper map,
but it could not be clipped to the side monitor. The ATIS display was a simulation of a
route guidance system, displayed on a 152-mm (6-in), color monitor located to the right of
the subject. An example of the ATIS display is in figure 2.

DEST 12 MI

CLEVELAND AVE

0 3 M I

THEN RIGHT

 LUYSTER STREET

Figure 2. Simulated ATIS turn-by-turn display.



Four routes were videotaped in a suburban area with a wide-angle lens at about 33Routes.
km/h from the driver’s perspective. Each route was 5 min long, taped during the same
time of day. Routes were similar in terms of the type and number of turns and traffic
density. Each type of navigational aid was created for each route.

Route-Following Task. The goal of the route-following task was to use the navigational aid
to follow a real-world route recorded from the driver’s perspective. The videotaped route
was presented on the forward monitor and was paused occasionally just before an
intersection. During the pause, the subject indicated which way the car should go, based on
the navigational aid, by pressing the corresponding directional arrow key on the keypad
located behind the steering wheel. After the subject responded, street names were
superimposed on the monitor. The names were imposed because the real street signs were
illegible on the videotape. The subject then made a second response, which could be the
same or different than the first response. The tape resumed play immediately following the
second response. The videotape followed the proper path, regardless of the subject’s
response. Both the accuracy of the navigational response and decision time were recorded
for each response. The first measure of decision time was based on the time it took for the
subject to press one of the arrow keys from the moment the tape paused. The second
measure of decision time was based on the time it took for the subject to press a key after
the street names were displayed on the screen.

Tracking Task. The goal of the task was to keep a semi-randomly moving laser-generated
red oval light within fixed boundaries on the bottom of the front monitor. A warning tone
sounded when the light went out of bounds. During the pauses when the subject made a
navigational response, the light was paused; the light resumed movement after the subject
finished the second response and the videotape resumed play. Performance measures
included error frequency (the number of times the light went out of bounds) and error
duration (the number of minutes it remained out of bounds).

The purpose of including the tracking task was to provide workload that simulated the
control required for driving. The difficulty of the tracking task was determined by the
light’s rate of travel in degrees per second. The rate used in the current study was 3.22
degrees/s, and was based on the tracking performance of five pilot subjects, ages 65 to 70
years, in a previous study.(36)’ The pilot subjects were able to keep the light within bounds
for at least 80 percent of a 1-min trial at this rate.

Cognitive Abilities Tests. Measures of cognitive ability were collected with tests from the
Manual for Kit of Factor-Referenced Cognitive Tcsts.(3)  These tests are paper-and-pencil
tests that require only a few minutes to complete. Each test provides instructions and a
practice section with answers. The Maze Tracing Speed, Card Rotations, and Map
Planning tests were used to measure different components of spatial ability. The Maze
Tracing Speed test required subjects to trace a path through a maze with a pencil. The Card
Rotations test required subjects to identify matching spatial figures. The Map Planning test
required subjects to plan the shortest path from one point to another amidst a series of
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blockades. The Hidden Words Test was used to measure verbal ability, and required
subjects to identify words in a vector of random letters. The Identical Pictures test
measured perceptual speed and required subjects to compare visual figures and symbols in
as short a time as possible.

Navigational Ouestionnaire. The questionnaire, shown in appendix A, had newly designed
questions as well as questions from previous research about navigational preferences,
habits, and experiences.(33)) It measured self-reported navigational abilities and preferences.
The questionnaire used a five-point rating scale with seven questions on self-appraisal of
navigational ability and eight questions on navigational preferences.

Procedure

Preliminarv Testing. Prior to testing in the part-task driving simulator, each subject signed
an informed-consent statement. A Bausch and Lomb Ortho-Rater was used to test and
screen each subject for minimum visual acuity. Each subject then completed the cognitive
test battery and the navigational questionnaire.

Practice Session. The subject was seated in the driving buck of the part-task simulator and
the experimenter read instructions to the subject (shown in appendix B). The subject
practiced the tracking task for 2 min. Then the subject practiced the route-following task
while tracking, using each type of navigational aid for 3 min. The subject practiced with all
four aids before the test session. An ATIS instruction sheet described the display (shown in
appendix C). After practice, the subject was given an opportunity to take a break, but not
all subjects chose to take one.

Test Session. Assignment of the navigational aid and the routes were randomized. The
subject was given up to 3 min to study each navigational aid before the task began. (For
the ATIS display, subjects reviewed the ATIS instruction sheet.) The subject performed the
route-following task with each navigational aid in conjunction with the tracking task. After
the study was completed, the subject was debriefed and paid $20 for participating.

RESULTS

Route-Following Performance

Route-following performance was measured in terms of accuracy and decision time.
Navigational accuracy was defined as the average number of incorrect responses made per
route. Since there were 11 pauses, during which the subject had to make 2 responses (once
before and once after the street names were displayed), there were a total of 22 responses.

Decision time was defined as the average time taken to make a decision for the first and
second response. The first and second responses were combined in order to evaluate the
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overall performance for all subjects. (See appendix D for a description of analyses
conducted for responses 1 and 2 separately.)

A 2 (age) x 2 (gender) x 4 (navigational aid) repeated-measures multiple analysis of
variance (MANOVA) was performed with navigational accuracy and decision time as the
dependent variables. The MANOVA showed a significant main effect for age (F(2, 52) =
5.63, p = 0.006),  and navigational aid (F(6, 47) = 23.26, p  < 0.001). There was no
main effect found for gender (F(2, 5 1) = 0.53, p = 0.593). In addition, there were no
statistically significant interactions among the independent variables.

Accuracy ANOVA. Following the significant MANOVA, a 2 (age) x 4 (navigational aid)
repeated-measures analysis of variance (ANOVA)  was performed on navigational accuracy.
As expected, significant main effects for age (F(1, 5 1) = 5.53, p = 0.023) and
navigational aid (F(3, 156) = 18.88, p < 0.001) were found. The younger group, with an
average of 1.80 incorrect responses across all navigational aids, was more accurate than the
older group, with an average of 3.04 incorrect responses. The average number of incorrect
navigational responses made by each group for each type of navigational aid is shown in
figure 3.
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Figure 3. Average accuracy by age group and navigational aid.

Following the ANOVA, Newman-Keuls pairwise comparisons were performed on the
accuracy means for each navigational aid, as shown in table 2. Subjects made the fewest

. navigational errors using ATIS (mean= 0.982), followed by the text directions (mean=
1.661), the large map (mean= 3.429), and the standard map (mean= 3.625). The
comparisons were made with a critical value of 1.38 (p< 0.01) and revealed significant
differences between: (1) the large map and the ATIS, (2) the large map and the text
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overall performance for all subjects. (See appendix D for a description of analyses
conducted for responses 1 and 2 separately.)

A 2 (age) x 2 (gender) x 4 (navigational aid) repeated-measures multiple analysis of
variance (MANOVA) was performed with navigational accuracy and decision time as the
dependent variables. The MANOVA showed a significant main effect for age (F(2, 52) =
5.63, p = 0.006),  and navigational aid (F(6, 47) = 23.26, p < 0.001). There was no
main effect found for gender (F(2, 51) = 0.53, p = 0.593). In addition, there were no
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Figure 3. Average accuracy by age group and navigational aid.

Following the ANOVA, Newman-Keuls pairwise comparisons were performed on the
accuracy means for each navigational aid, as shown in table 2. Subjects made the fewest

. navigational errors using ATIS (mean= 0.982), followed by the text directions (mean=
1.661), the large map (mean= 3.429), and the standard map (mean= 3.625). The
comparisons were made with a critical value of 1.38 (p< 0.01) and revealed significant
differences between: (1) the large map and the ATIS, (2) the large map and the text
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directions, (3) the standard map and the ATIS, and (4) the standard map and the text
directions. There was no statistical difference between the standard map mean and the large
map mean, or between the text directions mean and the ATIS mean.

Table 2. Newman-Keuls pairwise mean comparisons of accuracy by navigational aid.
TURN-BY STANDARD

TURN TEXT LARGE MAP MAP
(Mean = 0.982) (Mean= 1.661) (Mean= 3.429) (Mean= 3.625)

TURN-BY- --- 0.679 2.447” 2.643”
TURN
TEXT --- --- 1.768* 1.964”

LARGE --- --- --- 0.196
MAP

*p < 0.01

Decision-Time ANOVA. A 2 (age) x 4 (navigational aid) repeated-measures ANOVA
performed for decision time revealed main effects for age (F(1, 52) = 10.22, p = 0.002)
and navigational aid (F(3, 156) = 63.66, p. < 0.001). As expected, the older group’s
decision time averaged across all aids (mean = 5.18 s) was slower than the younger group’s
time (mean= 3.44 s). The pattern of decision time was similar to that of accuracy.
Decision time was best with ATIS (mean= 2.48 s), followed by the text directions (mean=
2.75 s), the large map (mean= 5.59 s), and the standard map (mean= 6.42 s). The
average navigational decision time taken by each age group and for each type of
navigational aid is shown in figure 4.
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Figure 4. Average decision time by age group and navigational aid.
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Newman-Keuls pairwise comparisons of the decision time means using a critical value of
1.18 (p < 0.01), as shown in table 3, found significant differences between: (1) the large
map and the ATIS, (2) the large map and the text directions, (3) the standard map and the
ATIS, and (4) the standard map and the text directions.

Table 3. Newman-Keuls pairwise mean comparisons of decision time by navigational aid.
TURN-BY- STANDARD

TURN TEXT LARGE MAP MAP
(Mean= 2.48) (Mean= 2.75) (Mean= 5.59) (Mean = 6.42)

TURN-BY- --- 0.27 3.11” 3.94*
TURN
TEXT --- --- 2.84” 3.67”

LARGE MAP --- --- --- 0.83
*p < 0.01

Cognitive Testing

The data from the cognitive battery support extensive previous research on age-related
reductions in cognitive testing performance, as shown in table 4. Separate 2 (age) x 2
(gender) ANOVA’s showed that the younger group performed better than the older group
on each test. The only test with a gender effect was the Hidden Words test (F( 1, 52) =
3.94, p < 0.05) ,  where the women (mean= 39.21) performed better than the men (mean=
34.32). Intercorrelation of the test scores is shown in table 5.

* p<0.05
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Hidden Words

*p < 0.05
** p < 0.01

0.41”” 0.26” 0.47”” 0.38”” -

Route-Following Performance and Cognitive Scores

Many of the correlations between the cognitive test scores, accuracy, and decision time are
significant, as shown in table 6. The strong correlations suggest that the cognitive test
scores predicted navigational performance. This finding suggests that differences in
navigational performance between the older and younger groups were partly due to
differences in cognitive ability.

Accuracy ANCOVA. As demonstrated in table 4, the older group performed worse on the
spatial ability measures than the younger group. Based on an assumption that the
navigational task in the simulator required the ability to process spatial information, it
follows that the lower spatial ability in the older group may have explained, to some
degree, the group’s lower accuracy levels. To examine how the measures of spatial ability
predicted performance in terms of accuracy in the navigational task, an analysis of
covariance (ANCOVA) was conducted.

An ANCOVA is a statistical tool used to examine group differences in a dependent variable
after “removing” the influence of another variable (called the covariate) on the dependent
variable. Covariates are selected on the basis of their known, or hypothesized, relationship
with the dependent variable. The purpose of an ANCOVA is to adjust for differences in the
dependent variable based on the covariate. Thus, an ANCOVA can address the question of
whether the differences in navigational performance between the age groups were due to
differences in spatial ability or perceptual speed.
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Table 6. Correlations between accuracy, decision time, and cognitive test scores.
TEXT DIRECTIONS LARGE MAP

 Construct

Spatial
scanning
Spatial

Scanning

Cognitive
Test

Maze
Tracing

Map
Planning

Acc Dec Time
-0.480”” -0.489**

-0.492** -0.449**

Acc
-0.330**

-0.405**

Dec Time
-0.387**

-0.350””

Spatial  Card I -0.242 -0.316”  -0.323**
Orientation

Verbal
Closure

Perceptual

Rotations
Hidden
Words

Identical

-0.311** -0.525** -0.216 -0.328””

-0.328** -0.489** -0.134 -0.471””
Speed Pictures

STANDARD MAP

construct
Cognitive

Test Acc Dec Time Acc Dec Time
Spatial  Maze I -0.473** -0.454**  -0.507**

Scanning
Spatial

Tracing
Map -0.392** -0.414”” -0.469** -0.367**

Scanning
Spatial

Planning
Card -0.321* -0.405”” -0.275* -0.294”

Orientation
Verbal
Closure

Rotations
Hidden
Words

-0.255” -0.420** -0.309” -0.380**

Perceptual
Speed

* p < 0.05
** p < 0.01

Identical
Pictures

-0.362** -0.512** -0.560** -0.539””

Spatial ability was used as a covariate in the first ANCOVA because earlier research
suggested that a relationship existed between an individual’s navigational skill and spatial
ability. Similarly, perceptual speed was used as a covariate in the second analysis because
earlier research linked decision time with perceptual speed. Thus, the covariate used was
the mean of the z-scores for both the Maze Tracing Speed test and the Map Planning test
because these were the only tests with significant correlations for accuracy with all
navigational aids. A 2 (age) x 4 (navigational aid) ANCOVA revealed a significant main
effect for navigational aid (F(3, 51) = 19.12, p < 0.001), but the main effect for age was
not significant after the effects of spatial ability were removed. The results suggest that
differences in navigational accuracy were due to differences in spatial ability, not age per
se.
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Figure 5 illustrates the relationship between spatial ability and navigational accuracy.
Individuals were grouped by their spatial covariate score into: (1) high (one or more
standard deviations above the mean), (2) average (within one standard deviation), or (3)
low (more than one standard deviation below the mean) groups.

Figure 6 illustrates the adjusted accuracy levels after removing the influence of spatial
ability. Although the figure shows that the younger group performed worse on the text
directions and the large map, it is important to note that the age group differences are not
statistically significant. The differences in the text directions and the large map that are
illustrated in the figure can be interpreted only as random, unexplained error, with no
statistical significance.

Decision-Time ANCOVA. As with spatial ability, perceptual speed for the older group was
slower than for the younger group, which may explain the differences in navigational
decision time between the two age groups. The correlations between the Identical Pictures
(perceptual speed) scores and the accuracy scores suggest that perceptual speed, as well as
spatial ability, may explain differences in accuracy. To determine if perceptual speed
accounted for age differences in accuracy, an ANCOVA was performed using the Identical
Pictures score as the covariate. As with the accuracy ANCOVA, the ANCOVA revealed a
significant main effect for navigational aid (F(3, 162) = 22.81, p < O.OOl), but not for
age. Thus, differences in accuracy were due to differences in perceptual speed and spatial
ability. The low correlations between perceptual speed scores and accuracy in the large
map and standard paper map conditions suggest that spatial ability accounted for
performance differences, more so than did perceptual speed.

ATIS Turn-by-Turn Text Directions Large Paper Map Standard Paper Map

Type of Navigational Aid

Figure 5. Average accuracy by spatial ability group and navigational aid.
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To determine if spatial ability accounted for differences in decision time, an ANCOVA was
performed with age as an independent category, type of navigational aid as a within-subjects
independent variable, the mean spatial ability z-scores as the covariate (described above),
and decision time as the dependent variable. The ANCOVA revealed a significant main
effect for navigational aid (F(3, 156) = 39.52, p < O.OOO), and age (F(1, 53) = 5.15, p  =
0.028). This result demonstrates that spatial ability did not account for performance
differences in decision time.

Comparison of Correlational Elements. The pattern of the correlations between accuracy
and decision time differed across navigational aids, as shown in table 6. The correlation for
ATIS was the highest (0.64), followed by both maps (0.43 each), and the text directions
(0.34). A statistical technique was used to compare two correlations.(38) The technique
tests whether the ATIS accuracy/decision-time correlation was statistically different than the
accuracy/decision-time correlation for: (1) each map and (2) the text directions. The
correlations for ATIS and for the text directions were significantly different (Z= 2.345, p
<0.05), but the correlations for ATIS were not significantly different from that for either
map (Z= 1.59, p > 0.05). The relationship between accuracy and decision time for ATIS
differed from the text directions in that decision-making was more tightly coupled with
decision time for ATIS. This suggests that ATIS was easier to use, as it did not require a
trade-off between speed and accuracy.

Regression Analyses of Cognitive Scores on Accuracy.. A statistical examination of the
relationship between the cognitive test data and navigational accuracy and decision time can
be used to understand the cognitive processes underlying the use of each navigational aid.
A series of simultaneous regression analyses were conducted with the cognitive test scores
as predictor variables and accuracy or decision time as dependent variables, as shown in
appendix E. The results of the analyses show the unique statistical contribution of each
cognitive ability on accuracy and decision time.

Table 7 summarizes the results of the analyses, which show that the test score that uniquely
predicted accuracy for the text directions and each paper map was the composite spatial
ability score. In contrast, accuracy for the ATIS display was uniquely predicted by the
perceptual speed score, and not the spatial ability score. This finding shows that using the
ATIS display required perceptual speed more than spatial ability, which suggests that using
the ATIS display required little or no interpretation of spatial information. This result
corroborates the finding in the previous section on the comparisons of correlation elements.
The results of the decision-speed analyses showed that the perceptual speed scores uniquely
predicted performance for both the maps and the ATIS display. However, verbal ability
scores uniquely predicted decision time for the text directions.
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Table 7. Summary of simultaneous multiple regression results showing the cognitive
constructs with significant betas for each navigational aid.

NAVIGATIONAL PERFORMANCE VARIABLES

Specific Comparisons: Age and Performance with ATIS. One issue addressed in this study
was the extent to which ATIS turn-by-turn route guidance might enhance route-following
performance for older drivers. Two measures of the effectiveness of ATIS in facilitating
navigation for the older group are the extent to which their accuracy with ATIS improved
relative to: (1) their pooled accuracy and decision time with traditional navigational aids
and (2) the pooled accuracy and decision time of the younger group with the traditional
navigational aids.

To evaluate the statistical difference of these values, specific comparisons were made and
compared against a critical F-value derived from the Scheffe method. The results of these
comparisons show that the older group made significantly fewer navigational errors
(F(3, 54)= 9.26, p<0.05) when using ATIS compared to using the traditional navigational
aids. Accuracy for the older group using ATIS was not significantly different than accuracy
for the younger group using the traditional aids.

The results of the contrasts using decision time were similar to that of accuracy when using
ATIS-the older group had significantly faster decision times than when using traditional
aids (F(3) 54) = 18.86, p < 0.01). However, the older group using ATIS did not have
statistically different decision times than the younger group using traditional navigational
aids. These findings suggest that using ATIS significantly improved the older group’s
performance over that with traditional aids; but it also suggests that the older group’s
performance with ATIS was as good as the younger group’s performance with traditional
navigational aids. In this sense, ATIS has potential as an intervention for older drivers.

Tracking Performance

Repeated-Measures MANOVA. A 2 (age group) x 2 (gender) x 4 (navigational aid)
repeated-measures MANOVA was performed with tracking-error frequency and tracking
average error duration as the dependent variables. The MANOVA showed a pattern similar
to the accuracy and decision-time MANOVA, with a main effect for age group (F(2, 51) =
13.35, p <0.001), and navigational aid (F(6, 47) = 3.63, p = 0.005), but not for gender
and no interactions.
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Error-Freauencv ANOVA. A 2 (age) x 4 (navigational aid) repeated-measures ANOVA
was performed on tracking-error frequency. Data from three subjects were dropped from
this analysis because their scores were more than three standard deviations above the mean.
The ANOVA revealed a main effect for age (F(1, 54) = 10.99, p = 0.002) and
navigational aid (F(3, 52) = 2.96, p = 0.034). As shown in figure 8, the older group
made more tracking errors (mean = 12.08) than did the younger group (mean = 5.27). The
fewest errors were made with ATIS (mean= 6.00), followed by the standard map (mean=
7.60), the text directions (mean= 7.83), and the large map (mean= 8.04).

Newman-Keuls pair-wise comparisons using a critical value of 1.44 revealed that the
tracking errors made with ATIS were less than for all other aids. There were no significant
differences between any other navigational aids, as shown in table 8.

ATIS Turn-
by-Turn

Text Large
Directions Paper Map

Type of Navigational Aid

Standard
Paper Map

Figure 8. Average number of tracking errors by age group and navigational aid.

Table 8. Newman-Keuls pairwise mean comparisons of tracking-error frequency by
navigational aid.

STANDARD
ATIS MAP TEXT LARGE MAP

(Mean=6.00) (Mean=7.60) (Mean=7.83) (Mean=8.04)
ATIS --- 1.60” 1.83” 2.04”

STANDARD MAP --- --- 0.23 0.44
TEXT --- --- --- 0.21

* p<0.05
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Questionnaire Results

Data from the questionnaire, the route-following task, and the cognitive battery were
analyzed to examine driver preferences for navigational information, and the effect of
preference on performance. First, descriptive statistics that summarize subject responses to
the questionnaire are presented. Second, the results of a factor analysis of the questionnaire
data are presented, followed by a presentation of a series of multiple regression analyses
used to analyze the relationship between navigational preference and performance.

Navigational Preference. The statistics described here illustrate the differences between
peoples’ choice of words or maps, their perceived ability to use maps, and their
navigational ability in general as reported on the questionnaire presented in appendix A.
Table 10 shows average ratings and standard deviations for preferences for maps, the
importance of landmarks when navigating, and how much drivers like finding different
ways to get to the same place. Table 11 shows average ratings and standard deviations for
perceived navigational ability. For most of these questions, the standard deviations are
smaller in the older group because the older group had a relatively narrow range of
responses. For example, most older subjects rated their ability in map-reading from
average to excellent, while younger subject answers ranged from poor to excellent.

Table 10. Preference ratings and standard deviations by gender and age group.
Groups Importance of Like Finding

(N = 14 each) Like Using Maps Landmarks Different Ways
Younger Females 3.21 (1.72) 4.50 (0.94) 3.79 (1.37)
Younger Males 3.64 (1.60) 4.71 (0.47) 4.21 (1.12)
Older Females 4.36 (1.01) 4.43 (0.76) 4.07 (1.14)

 Older Males 4.64 (0.50) 3.79 (1.12) 3.79 (0.89)

Tables 12 and 13 show the percentage of subjects who preferred receiving and giving
(respectively) verbal directions and maps. While most subjects prefer maps for directions
over words, less than 15 percent of the females and nearly half of the males usually give
maps for directions.
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Table 12. Percentage preferring to get directions in words or maps by gender and age
group.

Ouestion: I Would You Rather Get Directions in:
Groups

(N= 14 each) Words Map Either One
Younger Females 29% 64% 7%
Younger Males
Older Females
Older Males

21% 64% 14%
7% 79% 14%
0% 79% 21%

Table 13. Percentage preferring to give directions in words or maps by gender and age

Figure 10 shows the percentage of all subjects preferring to get directions in words or a
map, and figure 11 shows the percentage who give directions in words or a map. There
was an inconsistency between how subjects would like to receive directions and how
subjects prefer to give directions. When giving directions, subjects did not have a preferred
format, but more subjects indicated that they prefer a map to words when receiving
directions (x2(2)= 36.57, p< 0.001). This finding is interesting because while some
subjects did perform well when using a map, many subjects did not.

20



72%

Figure 10. Breakdown of driver preferences for receiving directions.

27%

37%
36%

Figure 11. Breakdown of driver preferences for giving directions.

Factor Analysis. The navigational questionnaire was designed to obtain measures of self-
appraisal of navigational ability, map-reading, and preference for maps. A factor analysis
of the questionnaire items was conducted to examine whether the questionnaire tapped
underlying dimensions of navigational preferences and perceived abilities. First, a
principal-axis extraction analysis was used with a varimax rotation. Second, questions with
weak contributions to a factor (i.e., loading factors less than 0.40) or questions that loaded
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only on factors with eigenvalues less than 1.00 were dropped from subsequent analyses.
Third, the remaining eight questions were factor analyzed again, resulting in a two-factor
solution. Fourth, two factor analyses were conducted with the remaining eight questions,
one for each age group, which confirmed that the solution applied to both younger and
older subjects. Table 14 shows the two-factor solution and the factor loadings for each age
group.

The first factor was labeled “way-finding” because it is comprised of questions that focus on
the ability to navigate in general, in contrast to specific abilities such as map-reading.
There is one question in this factor that refers to verbal directions; however, it also asks
subjects to rate their ability to navigate in unfamiliar places. The second factor was labeled
“preference for maps” and it summarizes subjects’ perceived map-reading ability and the
extent to which they like using maps.

An ANOVA was performed with gender and age as the independent variables, and each
factor score as the dependent variable. No effects were found for the “wayfinding,” but a
main effect for gender was found in “preference for maps”; males had higher “preference
for maps” scores than did females (F(1, 52)= 6.55, p< 0.0130). As a group, males liked
maps more and rated their map-reading ability higher than did females (demonstrated by the
ANOVA results). However, no statistically significant gender difference was found in
route-following performance with maps, which suggests that males overrate, or females
underrate, their map-reading ability.

Correlations. The data suggest that an individual’s perceived wayfinding skills and map
preferences are predictive of route-following performance, as shown in table 15. Many of
the correlations between the factor scores and accuracy and decision time are strong, which
suggests that individuals were generally good at rating their navigational skills.

Hierarchical Regression. A regression model was used to determine the extent to which
“wayfinding” and “preference for maps” predicted navigational performance over and above
age, gender, and the cognitive test scores for each aid. A hierarchical regression analysis
was chosen because the solution isolates the unique contribution of each variable. The
variables were entered into the equation in order of presumed causality. Thus, age group
and gender were entered first. Perceptual speed scores were entered in the second step
because it was viewed as an underpinning to other cognitive skills. In the third step, the
mean score for spatial scanning (computed from the Maze Tracing Speed and the Map
Planning tests) was entered in the third step. (The score for spatial rotation was dropped
because of its multicollinearity effects with spatial scanning scores.) The factor scores for
“wayfinding” and “preference for maps” were entered in the last step.
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Table 14. Factor loadings for principal-axis extraction and varimax rotation resulting in a two-factor solution.

How would you rate your ability to follow verbal directions when driving or
navigating to unfamiliar places?

FACTOR 2
To what degree do you like using maps as a source for directions?
How easy is it for you to locate your position on a map?
On a trip with others, do you like doing the map-reading and navigating?

0.40 0.65 0.04 0.14

0.03 0.02 0.81 0.65
0.47 0.58 0.80 0.64
0.22 -0.02 0.66 0.55

Table 15. Correlational matrix of factor scores, accuracy, and decision time.

BOTH YOUNGER AND OLDER (N=56)
ACCURACY REACTION TIME OVERALL

TEXT LARGE STANDARD ATIS TEXT LARGE STANDARD ATIS ACCURACY DECISION
MAP MAP MAP MAP TIME

WAYFINDING -0.15 -0.17 0.02 0.13 0.16 0.19 0.23 0.19 -0.07 0.23

PREFERENCE -0.21 -0.55** -0.41** -0.06 -0.16 -0.34** -0.23** -0.06 -0.48** -0.26”
FOR MAPS
*p < 0.01
** p < 0.05



The results of the regression analyses, summarized in table 16, show that the spatial
scanning score predicted navigational accuracy for each navigational aid. (Appendix F has
the tables for each analysis.) This finding demonstrates that the route-following task
required the ability to process spatial information. Also, the factor “preference for maps”
had predictive power, but only in the map conditions. Thus, a stronger preference for maps
led to better performance with maps.

*p < 0.05

DISCUSSION

The following is a summary and discussion of the results of this research in terms of: (1)
an evaluation of the influence of navigation information on route-following performance
and (2) an assessment of the effects of age and spatial ability on navigational performance.

Type of Navigational Aid

Route-following ability was affected by the type of navigational aid for both age groups and
for drivers across a range of cognitive skills. People followed the route more accurately
and more quickly when they used ATIS and the text directions compared to when they used
the maps. The accuracy scores and decision times with ATIS were consistently better than
with text directions, but there was no statistical difference between them. However, the
navigational task used here had relatively simple routes, with little traffic, and an easily
discernible layout of cross streets. As a result, the routes were amenable to the text
directions; however, more complex routes may present greater difficulty with the text
directions. For example, increased traffic or confusing street configurations may have
made counting the number of blocks until the next turn more difficult than it was for the
routes used in this study. In more complex or distracting task situations, ATIS is likely to
be superior to text directions. Furthermore, the results of the statistical test comparing the
ATIS accuracy/decision time correlation and the text directions accuracy/decision time
correlation suggests that the processes or functions involved when using ATIS are different
than those used for following text directions. The strong correlation between accuracy and
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decision time with ATIS indicates that decision-making with ATIS is analogous to
performing simple decision time tasks.

Although performance was better with ATIS and the text directions, each navigational aid
had its own advantages and disadvantages, and emphasized certain aspects of the route.
Using the maps was more difficult because it required the ability to judge distances, match
intersections on the map to the real world, determine the number of blocks (and distance)
until the next turn, maintain a sense of direction, find street names in a complex visual
field, and mentally or physically rotate the map so that the direction was congruent with the
forward view. These requirements accentuate performance differences due to map-reading
ability and spatial ability, such that low-spatial-ability individuals were more likely to read
maps poorly and get lost (see references 30 and 32).

In contrast, both the text directions and the turn-by-turn display presented condensed,
simplified route information. The text directions were a linear list of street names, devoid
of spatial information. The subject used this information to follow a sequence of turns by
counting the cross streets until the turn was reached. The turn-by-turn display used a
distance meter informing the subject of the proximity of the turn. The subject was not
required to count streets to determine where the turn was, but only to monitor the distance
meter (when the display ticked down to “0.0” the turn-to street was reached). Also, the
display had redundant characteristics: the turn indicators were depicted in words and an
arrow, and distance was represented graphically as well as with a number. Thus, using
ATIS reduced navigation to a simpler task.

Driver Differences

Spatial Abilitv. The results from this study show that spatial ability predicted navigational
ability, regardless of the type of navigational aid used. Specifically, greater spatial ability
led to more accurate route-following with the text directions, both maps, and the ATIS
display. The strong relationship between spatial ability and navigational accuracy supports
the view that navigation involves processing spatial information. For example, when
following a route, a driver must identify the route’s relevant features from the real world
and compare them to their representations from a navigational aid, or vice versa.(29) The
capability to: (1) interpret navigational information, (2) search the environment for relevant
features (which are often spatial, such as roadway geometry), (3) match route features
between the real world and the navigational aid, and (4) estimate time and distance will
largely depend on the driver’s capacity and efficiency when processing spatial information.

Previous research on the information-processing demands of the driving task has singled out
processes of attention, perception, and decision-making.(39) The results from the current
study demonstrate that spatial ability is another important component influencing driving
capability. Less capacity to process spatial information will lead to inefficiencies when
driving. It also follows that navigational aids that present information that is easily matched
to the route, such as turn-by-turn displays, will facilitate navigational decision-making.
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Individuals in the current study varied considerably in their spatial ability test scores and
their navigational performance. This finding corroborates psychometric research that
characterizes individuals as varying widely in their ability to solve spatial problems. The
implication of this finding is that the need for ATIS route guidance in the driving population
will differ widely in terms of the type of information displayed and the degree of assistance
required. Specifically, individuals with low spatial ability may especially benefit from in-
vehicle guidance.

Age Differences. The present data support previous research documenting a global
reduction in cognitive resources that accompanies aging and leads to decrements in
cognition and perception.(9,14)) The older group performed worse than the younger group on
most of the dependent measures, including the cognitive battery and the route-following.
The only exception was that the older female group scored as well as the younger group on
the verbal ability test.

The finding that spatial ability was a predictor of navigational skill helps explain the
performance differences between the older and younger age groups. The older group had
significantly lower mean spatial ability scores, as well as poorer navigational performance.
The differences in spatial ability between the age groups accounted for the differences in
navigational accuracy, as demonstrated by the results of the analysis of covariance. The
older group’s lower spatial ability was likely to affect their sense of direction, spatial
orientation, and map-reading abilities during the navigational task. Similarly, the age group
differences in perceptual speed explained part of the age effect found in both decision time
and accuracy. However, the age effect on decision time remained after differences due to
spatial ability were removed, as demonstrated by the analysis of covariance. Thus, unlike
the case for accuracy, the factors underlying decision time involved more than spatial
ability.

Navigational Preference. The results from this study suggest that people differed in their
preferred type of navigational information, and that preferences were predictive of
performance. In addition, people were relatively accurate in their assessment of their
navigational ability. Specifically, “preference for maps,” which summarized perceived
map-reading ability and preference for maps, significantly predicted performance with maps
over and above that of the cognitive ability measures. Thus, an individual’s preference
appears to be an important component of performance. This finding corroborates previous
work regarding the relevance of navigational preference on performance. ( 3 3 ) However, in
terms of performance, ATIS proved to be the superior aid regardless of what preference
people had. That is, ATIS mitigated the effects of preference on performance and, in this
respect, it outperformed the maps and paper directions.
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Limitations of Study

It is important to note that aspects of this study may reduce the generalizability of its
results. Most younger subjects had attained college or graduate degrees, which suggests
that their cognitive test scores may be higher than average. Also, subjects in the older
group were likely to represent active, functional, older drivers, and may not represent the
majority of older drivers. The routes provided a level of workload and fidelity that limits
generalizability. For example, the routes used in the navigational task were short and
relatively simple, with low traffic density and clear streets. More complex or longer routes
may have highlighted the effects of the navigational aids more so than did the routes used in
this task. In addition, the tracking task was set at one rate; when driving in the real world,
the difficulty of controlling the vehicle varies with traffic density, type of road, time of day
and weather conditions, driver fatigue, etc. Performance with navigational aids will likely
change as attention to vehicle control changes. Finally, the ATIS display was based on the
TravTek system, and other types of displays may produce different results in terms of
accuracy and decision times.

Summary

Navigational skill was influenced by spatial ability, perceptual speed, and the type of
navigational aid. The relatively poor navigational performance of the older group was
attributable to their slower perceptual speed and lower spatial ability. Age-related
decrements in cognitive abilities imply that there is an incompatibility between older drivers
and the highway environment. In this context, ATIS route guidance may be viewed as an
intervention aimed at improving highway safety for all drivers, including older drivers, due
to its potential to improve driver navigation.

The challenge is to modify existing systems or introduce new ones, such as ATIS route
guidance, that enable older drivers to drive safely and efficiently. Older drivers may
constitute the group that has the greatest need for, and the most to gain from, in-vehicle
route guidance. Further evaluations of ATIS route guidance would benefit by determining
the features and characteristics that further simplify the navigational task, particularly for
older drivers.
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Driver Navigation Questionnaire

Circle the number from 1 to 5 that best fits vour answer for each auestion.
Not Much Somewhat Very Much

How much do you rely on street names when driving someplace new?

On a trip with others, do you like doing the map-reading and navigating?

To what degree do you like using maps as a source for directions?

How easy is it for you to find different ways of getting to the
same place when driving without a map?

When driving someplace new, would you rather someone gave you verbal
directions OR drew you a map?

How important to you are landmarks, such as shopping centers
and gas stations, when you are driving someplace new?

How would you rate your ability to follow verbal directions when driving
or navigating to unfamiliar places?

When giving directions to someone in person, do you usually give
directions in words OR draw a map?

Not Much Somewhat Very Much

Not Much Somewhat Very Much

1 2 3 4 5

Difficult
 

 
   

Average E a s y

1 2 3 4 5
 

Not at All Somewhat Very Important

1

Poor

2 3 4 5
  

Average Excellent



Do you like to find different ways of getting to a place you
drive to frequently?

Not at All ‘Sometimes Like A Lot

1 2 3 4 5
 

Poor Average Excellent
How would you rate your ability to select a route from a map in a new area?

1 2 3 4 5
 

Difficult Neither Easy
How easy is it for you to locate your position on a map?

1 2 3 4 5
  

Not at All .When stuck in a serious traffic jam, how likely are you to attempt Somewhat Very Likely
an alternate route to your destination?

1 2 3 4 5
                   

Difficult Neither Easy
Do you find it easy or difficult to learn the roads in a new neighborhood?

1 2 3 4 5
.L            

Do you get lost while driving in an unfamiliar area, how difficult is it
          

Difficult Neither Easy
for you to find your way back?

1 2 3 4 5
      

How easy is it for you to give verbal directions off the cuff to someone Difficult Neither Easy
who is driving to your home from out of town?

1 2 3 4 5
   

 
Poor Average Excellent

How would you rate your sense of direction?
1 2 3 4 5

l
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APPENDIX B. SUBJECT INSTRUCTIONS

This part of the experiment has a practice session, and then a test session. First, I will read
to you instructions for the practice session.

[Seat subject in driving buck.]

There will be two things that you will be asked to do here. You will use the steering wheel
to track a red light that moves back and forth on the black part of the front t.v. This is
called tracking. You will also watch a videotape of a route from the driver’s perspective,
and will follow the course of the route by using a navigation aid.

[Tracking Practice]

First, you will practice tracking. The red light is generated by a laser, which is located
above the driver’s seat. Please never look directly at the laser.

You will use the steering wheel to keep the red light within the white bounds. A tone will
sound when the light goes out of bounds and will turn off when the light is moved back
within bounds. Do you have any questions? I will start the laser now for you to practice.
[Set rate at 33 & play for 2 minutes.]

[After tracking.]

Do you have any questions about tracking?

Now I will describe in more detail the second part of the task. You will be given a
navigation aid to use as the roadway videotape is playing. The videotape will pause
occasionally just before an intersection. During the pause, you should indicate which way
you think the car should go by pressing a key on the pad behind the steering wheel. You
will base your decision on the navigation aid that you will be using at the time. Press the
top key if you think the car should go straight, the left key if left, and the right key if right.
During the pause, the red light will stop moving so you won’t have to track at that time.
Once you press the key, the street names will be shown on the screen. You can use the
street names to confirm your choice. After the street names pop up, press one of the keys
again. You can make the same choice, or change your choice. After you make the 2nd
choice, the tape will resume play. You will use 4 navigation aids today, including a
standard paper map, a large map that is mounted on the small t.v., text directions, and a
moving guidance display shown on the small t.v.

To summarize, the tape will pause now and then, and you must press a key to indicate
which way you think the car should go. After you press a key, street names will appear on
the screen. After the street names appear, press a key again, and the tape will resume play.
I would like to emphasize that the only time you should press a button is after the tape has
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been paused. Sometimes, after you have pressed the buttons, the tape will look as if it
hasn’t started. But that can be due to the fact that the car was sitting at a stop sign and had
to wait for traffic to pass.

Before we begin, I’d like to point out that the steering that you will perform during tracking
will have no correlation with the traffic or turns on the videotape. This might be confusing
at first but you will get used to it.

Any questions?

[Show the assigned navigation aid; start practice program.]

[For the paper map.] This time you will use a standard street map. The route has been
highlighted. The route begins at the “S.” You can hold this map if you wish.

[For the large, mounted paper map.] This time you will use an paper map, with the
route highlighted. The route begins at the “S."” It will be mounted on the small t.v. Please
do not remove the map at any time.

[For the text directions.] This time you will use text directions. The directions are based
on the number of blocks & street names to describe the route, and will be mounted on the
small t.v.

[For the guidance display instructions.]
At this point you will use a moving guidance display that will be shown on the small t.v.
This paper describes how to use it. Please read this now, and let me know when you are
finished. Feel free to ask any questions.

[After the practice, subject can take a break.]

[Route-following test session.]

Now we’ll begin the actual test session. The procedure is the same as the practice, except
that the routes are a little longer. You will have 1 minute to study the navigation aid before
the roadway videotape begins play. You will be tracking as well.

After you use each navigation aid, please fill out the evaluation form for that navigation aid
placed on top of the dashboard. There is one form for each aid. The forms will be in a
pile, and the top sheet should be the form for the aid you just used. Please rank the
navigation aids in the order that you liked them on the last sheet in the pile.
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APPENDIX C. ATIS INSTRUCTION SHEET

Route Guidance Display

The guidance display will provide turn-by-turn
directions that match the route shown on the forward
screen. The directions look like this:

 DEST. 1.2 MI I

CLEVELAND AVE

0.3 MI
 THEN RIGHT 

LUYSTER STREET

The top box shows the
number of miles to go
before the
destination.

The side box holds
the name of the
street for your next
turn.

The bottom box is the name of the street that you are
driving on. Each bar on the picture of Luyster Street
represents 0.1 mile. In this case, you are on Luyster
Street, and in 0.3 mile you should turn right on
Cleveland Avenue.

As you travel 0.1 mile, 1 bar will drop out and the
arrow will move up. When you have traveled 0.3 mile,
the last bar will drop out, and "0.1 MI" under
Cleveland Ave will change to "0.0" as shown here:

DEST. 0.9 MI

0.0 MI
 THEN RIGHT 

LUYSTERSTREET - -

When the number under
this street name
changes to 0.0, you
have reached the
street onto which you
should turn.
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After the turn is made, the display will be updated,
reflecting the new street and the next turn. In this
case, after you turn onto Cleveland Avenue, the
display will look like this:

 DEST. 0.9 MI I

MELVILLE ROAD 1
0.1 Ml

 THEN RIGHT 

CLEVELAND AVE

Your next turn is a right
onto Melville Road in
about 0.1 mile.

Now you are on Cleveland
Ave.
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APPENDIX D. ANALYSES OF RESPONSES 1 AND 2

Separate analyses of the first and second responses were conducted in order to determine if
performance differed for each response. Correlations were computed to assess the degree
of similarity between the responses. The responses were highly correlated for both
accuracy (r= 0.73, p< 0.001) and decision time (r= 0.65, p< 0.001). This result
suggests that decision-making for the first response was similar to that for the second
response. Figure 12 shows accuracy and figure 13 shows the results for decision time for
responses 1 and 2, by age group and navigational aid. As the figures show, both younger
and older subjects improved their accuracy and decision times for each navigational aid by
the second response.

In order to confirm that the independent variables-age, gender, and the type of navigational
aid-had the same effects on accuracy and decision time for both responses, separate
repeated-measures MANOVA’s were performed for each response. A 2 (age) x 2 (gender)
x 4 (navigational aid) repeated-measures MANOVA, with accuracy for the first response as
the dependent variable, showed a significant main effect for age (F(l) 52) = 8.05, p =
0.006) and navigational aid (F(3, 156) = 40.32, p < 0.00l), but not for gender (F(l, 52)
= 0.00, p = 1.000). The same analysis applied to decision time yielded the same pattern
of results: a main effect was found for age (F( 1, 52) = 15.17, p < 0.001) and
navigational aid (F(3, 156) = 39.52, p < 0.00l) ,  but not for gender (F(1, 52) = 0.45, p 
= 0.504).

Results of the MANOVA on accuracy for the second response showed that there remained a
main effect for navigational aid (F(3, 156) = 9.99, p < 0.00l), but not for age (F(1, 52)
= 1.99, p  = 0.164) or gender (F(l, 52) = 0.06, p = 0.811). Likewise, the MANOVA on
decision time for the second response showed a main effect for navigational aid (F(3, 156)
= 40.14, p < 0.00l), but not for age (F(l, 52) = 3.06, p = 0.084) or gender (F(l, 52) =
0.88, p = 0.352). These results mean that both age groups improved their accuracy and
decision times for the second response.

For the analyses described throughout the report, the responses were combined because the
combined responses provided a measure that captures the subject’s overall, total
performance.
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APPENDIX E. RESULTS OF SIMULATIONS MULTIPLE REGRESSION
ANALYSES PREDICTING ACCURACY OR DECISION TIME WITH THE

COGNITIVE TEST SCORES

Table 17. Accuracy with ATIS.
Cognitive Test Standardized Beta R2 F

Perceptual Speed -0.37”
Verbal Ability -0.04
Spatial Ability -0.27

0.36 9.91”
*p < 0.01

Table 18. Accuracy with text directions.
Cognitive Test Standardized Beta R2 F

Perceptual Speed 0.02
Verbal Ability -0.08
Spatial Ability -0.50"

0.28 6.76"
*p < 0.01

Table 19. Accuracy with the large paper map.
Cognitive Test Standardized Beta R2 F

Perceptual Speed 0.21
Verbal Ability -0.06
Spatial Ability -0.50"

0.18 3.90"
*p < 0.01

Table 20. Accuracy with the standard paper map.
Cognitive Test Standardized Beta R2

Perceptual Speed -0.10
Verbal Ability -0.03
Spatial Ability -0.39”

0.23
*p < 0.01

F

5.07"
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Table 21. Decision time with ATIS.
Cognitive Test Standardized Beta R2 F

Perceptual Speed -0.42””
Verbal Ability -0.18
Spatial Ability -0.08

0.33 8.52*
*p < 0.01
** p < 0.05

Table 22. Decision time with the text directions.
Cognitive Test Standardized Beta R2 F

Perceptual Speed -0.23
Verbal Ability -0.34”
Spatial Ability -0.19

*p < 0.01
0.39 11.19”

Table 23. Decision time with the large paper map.
Cognitive Test Standardized Beta R2

Perceptual Speed -0.35”
Verbal Ability -0.14
Spatial Ability -0.11

0.25
*p < 0.01
** p < 0.05

F

5.89””

Table 24. Decision time with the standard paper map.
Cognitive Test Standardized Beta R2

Perceptual Speed -0.33”
Verbal Ability -0.22
Spatial Ability -0.15

0.33
* p < 0.01
** p < 0.05

F

8.65””
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APPENDIX F. PREDICTING ACCURACY AND DECISION TIME WITH THE
COGNITIVE TEST SCORES AND FACTOR SCORES

Table 25. Accuracy with text directions.
Variables Beta

Gender 0.01
Age Group -0.09
Perceptual Speed -0.03
Spatial Scanning -0.53”
Wayfinding -0.15
Preference for Maps -0.11

R2

0.05

0.28*

0.32”

R2 Change

0.05

0.23”

0.03
*p < 0.05

Table 26. Accuracy with the standard paper map.
Variables Beta R2 R2 Change

Gender 0.07
Age Group 0.16 0.11 0.11**
Perceptual Speed 0.01
Spatial Scanning -0.32** 0.23” 0.12””
Way finding -0.03
Preference for Maps -0.37” 0.35” 0.11””

*p < 0.05
** p < 0.01

*p < 0.05
**p < 0.01
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*p < 0.05
** p < 0.01
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