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Drivers’ Understanding of Overhead Freeway Exit Guide Signs: 
Evaluation of Alternatives Using an Advanced Fixed Base Driving Simulator 

 

ABSTRACT 

 In the near future, route 1A southbound as it passes around Logan International Airport in 

Boston, MA will be rebuilt.  The existing four lane highway will split into three different 

roadways: two one-lane exits and one two-lane throughway.  Drivers will have very little time to 

decide which lane or lanes to take for a given destination.  Given the complex geometry and 

small warning time, there is some concern that drivers will either miss the Logan exit altogether 

(leading to a long and frustrating detour around Logan) or make a decision at the last moment to 

move into the exit lane (leading to a potential safety problem).  The objective of the research 

described below is to evaluate on an advanced fixed based driving simulator both proposed and 

alternative ways of signing exits such as this one with complex multiple splits.  The virtual 

roadways and signs were built using the actual engineering design drawings.  Drivers sit in a real 

Saturn and operate the controls of this vehicle just as they would those of a normal vehicle.  

They are given Logan as their target destination.  We find that the alternative freeway guide 

signs improve indices of driver safety and satisfaction.  Specifically, drivers using the alternative 

signs move into the exiting lane sooner, make fewer double lane changes, and miss their exit less 

often.  The results have implications more generally for the design and testing of highway guide 

signs using a driving simulator. 

 

Keywords: Exit Signs, Driver Behavior, Safety, Simulation 
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INTRODUCTION 

The guide signage in and around Logan International Airport is often ranked among the 

worst in Boston (1).  Two factors contribute to the difficulty that drivers have reading the 

existing set of signs.  First, each of the various approaches to Logan includes a great deal of 

horizontal, and even some vertical, curvature.  Signs can be difficult to see because of this 

curvature.  Second, for each of the various approaches, the distance over which the various guide 

signs can be spread is very limited.  Drivers have less time than ideally might be the case to 

perceive, act and respond.  New approaches to Logan will soon be built.  Because these 

approaches must also yield to these same constraints, it is critical to optimize the location of the 

signs and the messages on the signs which direct drivers to their destination. 

The signage on route 1A southbound as it passes by Logan is particularly problematic 

(Figure 1).  The road itself is a four lane highway which splits into one two-lane exit to Interstate 

90 (I-90) west and two one-lane exits, one to Logan and one to downtown Boston.  The three left 

lanes curve to the left at the same time as a combination lane drop and exit occur on the far right 

hand lane.  Four signs have been proposed to direct drivers to their target destinations at this split 

(labeled as Signs 1 – 4).  These signs are located close to each other and to the relevant gores. 

Signs 2 and 3 appear to be the most critical ones.  The three panels of Sign 2 as currently 

designed are presented in more detail at the top of Figure 2.  The left hand panel indicates to 

drivers that the two left lanes are to be used for I-90 west; the middle panel indicates that the 

right center lane is the exit for Logan; and the right panel indicates that the far right lane is the 

exit for downtown Boston (1A South/Boston).  In Figure 2, lane lines are drawn behind the sign 

to make it clear exactly how the panels in the sign are positioned over the lanes.  Sign 3 (not 
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shown in Figure 2) is identical to Sign 2 except for a small difference in the left hand panel.  

Specifically, the down arrows in the left hand panel now point diagonally to the left instead of 

straight down.  Prior research suggests that it might be possible to make two improvements in 

Signs 2 and 3 which would have a noticeable impact on drivers’ performance (2,3). 

First, note that the middle Logan panel in both Signs 2 and 3 is not centered over the lane 

which exits to Logan.  Additionally, the down arrow does not point directly to the middle of the 

right center lane (the exit lane for Logan).  Similarly, in Signs 2 and 3 the right hand downtown 

panel extends beyond the far right lane into the right center lane.  Additionally, the down arrow 

on the Boston panel does not point directly to the middle of the right lane (the exit lane for 

downtown Boston).  This is by no means the only example of signs on Massachusetts' interstates 

and expressways where a lane panel is not the standard lane width or a down arrow is not 

centered directly over the relevant lane.  The millennium edition of the Manual on Uniform 

Traffic Control Devices (MUTCD) specifically indicates that a down arrow shall point 

downward to the center of the relevant lane (4).  Moreover, recent research at the University of 

Massachusetts indicates that Exit Only signs should be no wider than the exiting lane (2).  Thus, 

there is ample reason to believe that the proposed panel widths and down arrow location may 

create problems for drivers. 

Second, note that the middle Logan panel in Signs 2 and 3 does not indicate explicitly to 

drivers how soon they must get into the right center lane if they are going to exit at Logan.  

However, there is very little time to do such, even at the earliest sign (Sign 2), since this sign is 

only 147 m from the gore to the downtown Boston exit.  Drivers in the far left lane must move 

over two lanes.  Drivers in the left center or far right lane must move over a single lane.  Drivers 

in the two left lanes who miss their exit will encounter real problems getting back to Logan.  

These drivers will continue on I-90 west and not be able to circle back to Logan until they are 
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leaving metropolitan Boston (approximately 2.2 kilometers).  Drivers in the far right lane who 

miss their exit can get back to Logan with less difficulty; however, drivers in this lane who find 

out late that they are in the wrong lane may move abruptly into the right center lane at the gore, 

creating a potential safety problem.  Although the MUTCD does not explicitly address the 

occasions where text (in addition to or in place of symbols) should instruct exiting drivers that 

they should get into the exit lane, we believe based on related research with ONE WAY signs 

that text based instructions could improve driver understanding (3).  Text based instructions help 

because they tell the driver more precisely what action needs to be undertaken.  Such actions can 

be more difficult to infer from symbolic information when the load on the driver is relatively 

heavy, as it will frequently be at the Logan exit on 1A southbound.  Drivers’ cognitive resources 

are strictly limited, both within modalities and across modalities (5), making even simple 

inferences difficult and potentially time consuming. 

Given the potential problems with the signage as currently proposed, the objective of this 

research is to compare the performance of drivers using this signage with drivers using 

alternative types of signage.  Unfortunately, it is difficult to evaluate the effect of different types 

of signage on drivers’ performance in an actual stretch of roadway as it is planned for some 

future construction.  Paper and pencil studies can be done to identify drivers’ relative 

comprehension of different signs.  But, drivers can respond very differently to paper and pencil 

tasks than they do to tasks on the open road.  For example, Staplin and Fisk find that 60 percent 

of the time older drivers will indicate on a paper and pencil task that they have the right of way 

when presented a sign and signal which indicate that a turn is permitted only, not protected (6).  

Yet we know based on crash statistics that older drivers are not making anywhere near this 

percentage of errors.  In this case, and others, the use of a fixed based driving simulator seems to 

provide a much better estimate of drivers’ real performance (7,8,9). 
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This research uses the driving simulator located in the Human Performance Laboratory 

at the University of Massachusetts.  This is one of the first reported uses of a driving simulator 

for this particular purpose and we are as interested here in the evaluation of the driving simulator 

as we are in the evaluation of the guide signs.  The driving simulator includes a fixed-base 

vehicle which is surrounded by three screens on which are projected a virtual world (Figure 3).  

The participant sits in the vehicle, operating the controls of this vehicle (brake, accelerator, 

steering wheel, turn signal, etc.) just as they would be operated in a real vehicle.  The driver then 

moves through the virtual world in a way consistent with the operation of the controls, slowing 

as the brake is applied, turning as the wheel is rotated, and so on. 

EXPERIMENT 

The design of the study allowed for the comparison of drivers’ performance on a 

simulator using the four proposed overhead guide signs with their performance using alternative 

overhead guide signs.  We made two modifications to the existing designs for both Signs 2 

(Figure 2) and 3.  First, we made sure that the width of the middle and right panels in Signs 2 and 

3 was now equal to that of, respectively, the right center and far right lanes.  This had the 

additional effect of centering both the down arrow in the middle Logan panel over the right 

center lane and the down arrow in the right downtown Boston sign over the far right lane.  

Second, we added text to the middle panel, "THIS LANE", in both Signs 2 and 3 that we hoped 

would indicate to drivers that they should move into the right center lane for the exit to Logan.  

We will refer to the format of the existing signs as the standard format and the format of the new 

signs as the modified format.  No modifications were made to Signs 1 or 4 as they are now 

proposed (Figure 4). 

Participants drove twice, in succession, to Logan.  On the first drive we hypothesized that 

participants who viewed Signs 2 and 3 in the modified format would miss their exit less often 
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than participants who viewed these signs in the standard format.  Moreover, among those 

participants who viewed Signs 2 and 3 in the modified format and did exit correctly at Logan, we 

hypothesized that they would both change into the correct lane sooner and make fewer 

unnecessary lane changes than those who viewed Signs 2 and 3 in the standard format.  We had 

participants drive route 1A southbound a second time because we wanted to determine whether 

drivers who first observed signs in the modified format would be confused by signs that they 

subsequently viewed in the standard format.  It is important that drivers not be confused at 

subsequent exits by signs which differ from any alternatives that might be installed at the Logan 

exit.  Similarly, we wanted to determine whether drivers who might just have passed an exit 

using signs in the standard format would be confused by next seeing signs in the modified 

format. 

Subjects 

A total of 64 subjects participated in the experiment, 36 males and 28 females.  The 

average age of the drivers was 24.4 years with a standard deviation of 6.8.  All subjects were 

licensed drivers.  Subjects were recruited from among the students and staff at the University of 

Massachusetts. 

Scenarios 

The visual databases were created using Designers’ Workbench (Centric Software).  

Traffic was integrated into the databases using Real Drive Scenario Builder (RDSB).  Together, 

the animation was generated with EasyScene (Centric Software), a software package which uses 

Silicon Graphics Incorporated (SGI) drawing primitives.  Each scenario consisted of an initial 

1,500 m section of roadway followed by the stretch of route 1A southbound.  The initial section 

started in a downtown setting, quickly passed through a suburban environment, and then out into 
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a more rural setting.  A sign directing drivers to Logan appeared by the side of the road after the 

rural section.  This one lane road soon emptied onto route 1A, positioning drivers in one of the 

four different lanes: the far left, left center, right center or far right lanes.  The lane in which 

drivers begin their travel on route 1A will be referred to as the starting lane.  Once the driver 

entered route 1A he or she could move to any other lane at any point. 

The roadway modeled in the simulation after the driver entered route 1A includes an 

initial 831 m four lane section up to the downtown Boston gore followed by an additional 193 m 

three lane section up to the gore between the two lane exit to I-90 and the one lane exit to Logan 

(Figure 1).  The I-90, Logan and downtown Boston sections each extend in the simulator an 

additional 123 m beyond the gore.  Lanes were the standard 3.6 m width.  The first sign is 

located 539 m from the beginning of route 1A as we have modeled it.  Signs 1 and 2 are 

separated by 147 m as are Signs 2 and 3.  Signs 3 and 4 are separated by 116 m.  Sign 3 is 

located 2 m downstream of the gore at the downtown Boston exit.  All distances were set equal 

to their design specifications in the engineering drawings. 

All signs, text and symbols were also generated using the engineering drawings.  

Moreover, the signs were sized so that the visual angle subtended by a sign in the real world at a 

given distance from a driver in an actual vehicle was the same as the visual angle subtended by a 

sign in the simulator when it was at the same virtual distance from the driver.  The widths of the 

left, middle and right hand panels of Standard Signs 2 and 3 are, respectively, 5.33 m, 3.05 m 

and 5.03 m.  They span a total of 13.7 m.  In the standard format, these three panels as a group 

were centered over the four lanes, leaving in this case 0.46 m on either side.  The modification to 

Sign 2 is pictured at the bottom of Figure 2.    The widths of the left, middle and right hand 

panels of Modified Signs 2 and 3 are, respectively, 7.32 m, 3.66 m and 3.66 m.  The three panels 

span a total of 14.6 m.. 
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Heavy traffic places a real demand on driver’s attention; however, it is difficult to infer 

exactly what tasks occupy a drivers’ attention at any given moment in time from the behavior of 

the driver.  The driver is free in traffic to pay or not to pay attention to one or more aspects of 

that traffic.  In order to place a demand on drivers’ attention which we could control, we asked 

drivers constantly to scan both the roadway ahead and the sides of the roadway for the presence 

of a one or two digit integer displayed in the middle of an opaque square positioned orthogonally 

to the line of sight.  The integers were written in black; the square was a flat white.  The square 

was 3.05 m on a side, easily visible to the driver.  The integers were 1.07 m high.  Any given 

integer appeared a total of two to four times throughout the scenario.  Each integer would not 

appear in the scenario until a driver passed an imaginary line in the roadway, the distance from 

the driver to the integer varying between 64 m and 137 m.  The integer would then be visible 

until the driver passed another imaginary line in the roadway.  The difference between the two 

lines varied between 36 and 137 m.  Given the speed at which drivers were asked to travel (58 

k/hr or 35 mph), each integer was visible for anywhere between 2.5 and 8.7 seconds.  A total of 

27 integers appeared throughout each of drives 1 and 2.  No integers ever appeared on the right 

and left hand sides of the road at the same time.  The sets of integers used in each drive differed 

from one another.  The two critical integers were located directly under Signs 2 and 3.  The 

square under Sign 2 was centered over the far right lane; the square under Sign 3 was centered 

over the right center lane.  We recorded whether the driver saw the integer and, if so, whether the 

driver was correct.  Asking drivers to attend to something in the roadway straight ahead and 

under the sign at this point simulates what actually would happen in traffic if a vehicle ahead 

were braking quickly or engaging in some other maneuver requiring the driver’s attention.  The 

technique has been used successfully to model load in a number of related experiments (3). 
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Driving Simulator 

As noted above, the driving simulator consists of a vehicle surrounded by three screens 

(Figure 3).  The vehicle is a 1995 Saturn.  The three screens subtend approximately 150 degrees 

of visual angle  The image on each screen is redrawn sixty times a second at a resolution on each 

screen of 1024 by 768.  The graphics engine is an SGI Infinite Reality computer which can 

display up to 8 separate channels with full antialiasing on each channel.  Assisting the main 

graphics engine are a computer dedicated to modeling the effects of traffic (an SGI O2) and a 

computer dedicated to generating sound. 

Design 

As previously mentioned, each subject drove two scenarios (drive 1 and drive 2).  Given 

Signs 2 and 3 in each scenario could either be in the standard or modified format, a particular 

subject could drive one of four different sequences of scenario formats: standard-standard 

(standard on the first drive and standard on the second drive), standard-modified, modified-

standard, or modified-modified.  Additionally, in each scenario the subject could start traveling 

on route 1A in one of four different lanes.  Given 4 different starting lanes in the first scenario, 4 

different starting lanes in the second scenario, and 4 different sequences of scenario formats on 

drives 1 and 2, it takes 64 subjects to have one full replication of every condition, exactly the 

number used. 

Procedure 

Drivers were given one practice scenario.  In that scenario, they learned how to operate 

the vehicle in  the simulated world, taking turns, braking, and accelerating.  The driver then was 

presented the two experimental scenarios and told to increase to and hold at a speed of 35 mph 

(the speedometer units were in  miles per hour).  He or she was asked to scan both the roadway 
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ahead and the sides of the road for the appearance of an integer and to report each integer as 

soon as it appeared.  Additionally, he or she was told that the destination was Logan International 

Airport.  After drivers exited, they were to slow to a stop.  If during the first drive a participant 

missed the Logan exit, the participant was informed of the error.  However, the participant was 

not told which lane was the correct one.  If at any time, a driver experienced any signs of 

simulator sickness, the driver was asked to report this immediately to the experimenter who was 

always in the room with the driver.  No driver ever asked to stop for such problems. 

Dependent Variables 

Throughout a scenario the coordinates of the vehicle (x, y, and z) were recorded at 60 Hz.  

From this, we developed four different measures of drivers’ performance.  First, we looked at the 

number of times that a driver heading for Logan did not reach his or her destination.  We refer to 

these missed exits as errors.  Second, we recorded the number of instances where drivers made 

more than the required set of lane changes.  Each such instance will be referred to as a switch 

back.  For example, we increment the number of switch backs by one if a driver who started in 

the far right lane, crossed over the right center lane into the left center lane, and then switched 

back into the right center lane.  Third, we measured the distance that the driver was from the start 

of the route 1A section when he or she first made a lane change.  We call this the first lane 

change distance.  The first lane change distance is the first evidence we have that a driver sees 

and acts upon the information in the overhead guide sign.  Finally, we measured the distance that 

the driver was from the start of the route 1A section when he or she made the final lane change.  

We refer to this as the final lane change distance.  For drivers in the right center lane, neither the 

first nor the last lane change measures were computed since the drivers started in the Logan exit 

lane.  For drivers in the far right and left center lanes, the first lane change and final lane change 

distances were identical unless the driver made more than the minimum number of lane changes. 
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RESULTS 

All 64 drivers completed both scenarios.  Moreover, all drivers clearly understood the 

primary task (following signs to Logan), as indicated by the fact that every one of the drivers 

turned right at the Logan sign after the rural section.  Moreover, all drivers clearly understood the 

secondary task (reporting the integers), as indicated by the fact that there were only two errors 

overall.  Neither of these errors occurred at the critical signs. 

Errors 

The first question is how often drivers missed their exit with the standard signs as 

opposed to the modified signs.  We found that the exits were missed a total of seven times with 

the standard signs while none were missed with the modified signs.  With each type of sign there 

were 64 opportunities to make errors.  This means that there were 11 percent errors with the 

standard signs and 0 percent errors with the modified signs.   We can reject the null hypothesis 

that these differences are due to chance alone: z = 2.73, p < .0032. 

Switch Backs 

There were a total of eight switchbacks when drivers viewed the standard signs, but only 

three switchbacks when drivers viewed the modified signs.  The difference in these proportions 

was not significant.  Interestingly, for those drivers who began in the correct Logan exit lane 

(right center lane), there were a total of 4 switchbacks when drivers viewed the standard signs, 

but only one switchback when drivers viewed the modified signs. 

Lane Change Distances 

The location on average in a scenario where drivers changed lanes, both the first and last 

time, in the standard and modified scenarios is displayed in Table 1.  The earlier a driver 
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changed lanes, the smaller is the number indexing the location of this change.  For these 

analyses of lane change distances, all drives in which the Logan exit was missed were discarded.  

To begin, consider the analyses of the results from drive 1 (Figure 5).  Overall, drivers first 

changed lanes 61 m earlier in the modified format (611 m; see Table 1, row 1, column 5) than 

they did in the standard format (672 m).  The difference was significant, t(32.8) = 1.91, p = .033, 

one-tail (we used the separate variance estimate of t since it is more conservative than the pooled 

variance estimate).  The differences were even larger if we just look at the far left (88 m) and left 

center (77 m) lanes, but not significant.  Interestingly, the drivers in the far right lane in the 

modified format changed lanes later than did drivers in the same lane in the standard format (33 

m), although this difference was not significant.  This pattern was magnified when we look just 

at the last lane change distances in drive 1.  Overall, drivers last changed lanes 106 m earlier in 

the modified format than they did in the standard format.  The difference was significant (p = 

.003).  Again, the differences were even larger if we just look at the far left lane (148 m) and left 

center lane (154 m).  Both differences are significant (p = .024 and p = .040, respectively).  The 

analyses of drivers’ performance in the far right lane using the first and last lane change measures 

are identical since drivers in this lane always changed lanes only once when they exited 

correctly. 

The pattern of results for drive 2 was the same as for drive 1 with one exception.  

Specifically, in drive 2, just as in drive 1, there was an overall advantage for the modified signs: 

on average drivers moved into the correct lane earlier when they saw the modified signs than 

when they saw the standard signs.  However, in drive 2, unlike drive 1, this pattern was reversed 

for drivers in the far right lane only for the first lane change and not for the last lane change 

(switch backs explain this difference in patterns). 
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Finally, consider the analysis of the results from drive 2 in the context of the format of 

the signs used in drive 1.  We were most interested in testing two hypotheses.  First, we wanted 

to determine whether drivers’ who first encountered signs in the standard format on drive 2 

(drivers in the modified – standard or MS sequence) performed worse than drivers who first 

encountered the standard signs on drive 1 (drivers in the standard – standard, SS, and standard – 

modified, SM, sequences).  This would indicate that seeing the modified format on drive 1 

immediately prior to the seeing the standard format on drive 2 had a negative impact on drivers' 

ability to respond correctly to the standard signs.  In fact, drivers in the MS sequence who saw 

the standard signs on drive 2 for the first time changed lanes 102 m earlier than did drivers in the 

SS and SM sequences who saw the standard signs on drive 1 for the first time.  This is not 

simply due to practice since drivers who saw the standard signs on both scenarios (the SS 

sequence) did not improve on drive 2 (the difference was not significant).  Second, we wanted to 

determine whether drivers who first encountered signs in the modified format on drive 2 (drivers 

in the SM sequence) performed worse than drivers who first encountered the modified signs on 

drive 1 (drivers in the MS and MM sequences).  This would indicate that seeing the standard 

format on drive 1 immediately before seeing the modified format on drive 2 had a negative 

impact on drivers' ability to respond correctly to the modified signs.  In this case, drivers in the 

SM sequence who saw the modified signs for the first time on drive 2 did change lanes 129 m 

later than drivers in the MS and MM sequences who saw the modified signs for the first time on 

drive 1, a difference which was significant, p = 0.045.  However, although negatively impacted, 

these drivers (SM) still changed lanes when they saw the modified format 50 m earlier than did 

the drivers who saw the standard sign on drive 1 and 104 m earlier than did the drivers who saw 

the first standard sign on drive 1 and the second standard sign on drive 2. 
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DISCUSSION 

Overall, the drivers performed better when the modified overhead guide signs were used.  

First, drivers never missed their exit when the modified signs were used but missed their exit 

more than 10 percent of the time when the standard signs were used.  Second, whereas very few 

drivers made more than the minimum number of lane changes when the modified overhead guide 

signs were used a relatively large number of drivers made more than this minimum when the 

standard signs were used.  Finally, on average, drivers made initial and final lane changes sooner 

when the modified signs were used.  This pattern of results is consistent with our hypothesis that 

the location and width of the guide sign as well as the wording on the guide sign would have an 

effect on drivers’ performance. 

The pattern of switchbacks in the standard and modified scenarios is also consistent with 

our hypothesis.  Perhaps the most telling evidence is the number of drivers in the correct lane 

when they entered route 1A who then changed out of this lane at least once before the end of the 

scenario.  Whereas fully four drivers in the standard scenarios did such, only one driver in the 

modified scenario did such.  Clearly, there are problems with the signage if drivers in the correct 

exit lane mistakenly move out of this lane at some point before exiting. 

The initially surprising lane change results for the far right lane are also consistent with 

our hypothesis.  Recall that drivers in the far right lane who saw the modified signs changed 

lanes later than drivers in the same lane who saw the standard signs.  This finding, which at first 

might seem inconsistent with the results from drivers in the far left and left center lanes, can 

easily be explained.  It is clear from Figure 2 that the Logan panel (and down arrow) are farther 

to the left in the standard condition than they are in the modified condition.  Thus, drivers in the 

far right lane who view the standard signs may notice that a lane change is required sooner or 

may believe that a double lane change is required and therefore shift left sooner.  In either case, 
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consistent with our hypothesis that the position of the panel influences drivers’ performance, 

we find that the drivers in the far right lane in the standard condition move over sooner.  This 

result, which we did not predict before hand (but should have) suggests that if the modified sign 

is used, drivers in the far right lane headed for Logan may require additional signage in order to 

alert them early to the need to move over one lane.  The most obvious change one could make is 

to place the "Exit Only" information at the bottom of Signs 2 and 3 inside a yellow box and 

make the text itself black.  This would make the information stand out from the rest of the sign 

and is permissible under the current circumstances as indicated in the MUTCD. 

We also want to say something about the more general importance of these results.  First, 

we should note that the type of signing that is proposed for the multiple splits on 1A southbound 

is not confined to this one exit.  At least here in Massachusetts, similar signing is currently used 

for I-90, I-91 and I-93.  Signs which provide information about an exit are often not centered 

over the exit lane, they are not the same width as the exit lane, and the arrows, when they appear 

on the sign, are themselves not directed at the center of the exiting lane.  Our results here indicate 

that the centering and width of the sign have an important impact on safety critical aspects of 

drivers’ performance. 

Second, we want to discuss very briefly what we have learned about driving simulators as 

a tool for evaluating advance guide signs.  On the one hand, the driving simulator can be used to 

pinpoint much more precisely than has been possible to date the exact effect that the centering of 

the down arrow and the width of a panel have on drivers’ behavior.  This increased precision 

includes quantification of missed exits, switchbacks and first and last lane change distances.  

Presumably, this precision would extend to the evaluation of other types of signs as well.  In fact, 

we are now using the driving simulator to evaluate the proposed signage for the tunnel sections 

of I-93 in downtown Boston (2).  On the other hand, the driving simulator can be used to reveal 
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troublesome problems before they have been recognized as such.  This occurred in our 

research when we found, unexpectedly at the time, that drivers in the far right lane seeing the 

standard signs moved into the Logan exit lane sooner than drivers in this lane seeing the 

modified overhead guide signs. 

Finally, we should say something about the generalizability of the results on the simulator 

to the real world.  A number of such studies have been undertaken which bear on this concern.  

We will mention only two.  First, it is generally found that drivers behave more cautiously on a 

simulator than they do in the real world (10,11).  Thus, we might expect to find more problems 

with the standard signs on the open road than we do in the driving simulator.  However, 

regardless of the absolute number of such problems, we would still expect drivers who see the 

modified signs to perform better than drivers who see the standard signs.  Second, it is generally 

found that drivers make the same route choice decisions on a simulator as they make in the real 

world (12).  This may apply as well to decisions drivers make about the lanes in which they 

choose to travel as they head towards an exit.  Thus, the switchbacks that we observe in the 

driving simulator may well be similar to what we would observe in the real world. 

CONCLUSIONS 

 Much has been written about airport guide signage (13) and, more specifically, about lane 

assignment (14).  Moreover, the MUTCD explicitly indicates that down arrows in overhead 

freeway exit signs shall be centered over the relevant lanes.  Yet, frequently signs are proposed 

or installed which do not meet the requirement.  Based on our evaluation on a driving simulator, 

it is clear how overhead freeway exit signs which do not meet this requirement could create 

conditions in the real world which decrease driver satisfaction and safety.  Specifically, on the 

simulator drivers miss the exit more often, make lane changes later, and make more lane changes 

when the recommendations are not followed.  We expect to find similar, and perhaps more 
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severe, problems in the real world, as suggested by studies which find drivers are more 

cautious in a simulator than they are on the open road (10).  The detailed results would be 

difficult to collect in a field experiment where issues of safety are of real concern.  This concern 

is not present when the signs are tested with the driving simulator. 

 Interestingly, we find that the above problems are not as severe for drivers in the far right 

lane when the recommendations are not followed.  We explain why this is the case and suggest 

how we can both follow the MUTCD recommendations and decrease problems for drivers in the 

far right lane.  Again, the driving simulator was important here.  Drivers behaved in ways which 

we did not predict beforehand, but could easily record on the driving simulator. 
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Table 1: Tests of the Difference between the Average Lane Change Distances in the 
Standard and Modified Signs 

 

Drive Lane 
Change 

Starting 
Lane 

Standard 
(m) 

Modified 
(m) t(df) Significance 

1 First all 672 611 
t(32.8) 
= 1.91 

p = .033 

1 First far right 606 639 
t(12.7) 
= -1.38 

p = .095 

1 First 
left 

center 
696 619 

t(5.5) = 
1.59 

p = .084 

1 First far left 647 559 
t(9.5) = 

1.35 
p = .105 

1 Last all 749 643 
t(30.4) 
= 2.93 

p = .003 

1 Last far right 606 639 
t(12.7) 
= -1.38 

p = .095 

1 Last 
left 

center 
773 619 

t(5.2) = 
2.18 

p = .040 

1 Last far left 796 648 
t(10.1) 
= 2.25 

p = .024 

2 First all 657 607 
t(43.3) 
= 1.19 

p = .121 

2 First far right 582 638 
t(9.7) = 
-1.83 

p = .049 

2 First 
left-

center 
794 674 

t(12.3) 
= 1.54 

p = .074 

2 First far left 590 509 
t(13.0) 
= 1.26 

p = .115 

2 Last all 755 674 
t(37.8) 
= 1.69 

p = .050 

2 Last far right 648 638 
t(8.3) = 

0.14 
p = .446 

2 Last 
left 

center 
794 674 

t(12.3) 
= 1.54 

p = .074 

2 Last far left 784 708 
t(11.9) 
= 0.78 

p = .225 
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Legend: 
 
        :   Pavement Marking 
        :   Sign Location 
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Figure 1: Plan View of Route 1A Southbound Modeled in Simulation 
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Figure 2: Standard and Modified Sign 2. (L: left lane, LC: left center lane, RC: right 
center lane, R: :right lane.  Sign 3 is identical in the standard and modified formats 
except for the use of diagonal down arrows in the left hand panel.) 

a) Standard Sign 2 
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Figure 3: Fixed Base, 3 Screen, Driving Simulator 



Dutta, Carpenter, Noyce, Duffy & Fisher 26

Figure 4: Standard Signs 1 and 4. (L: left lane, LC: left center lane, 
RC: right center lane, R: :right lane.  No modifications were made to 
standard signs 1 and 4). 

 



Dutta, Carpenter, Noyce, Duffy & Fisher 27

 

 

 

 

 

 

400

450

500

550

600

650

700

750

800

850

1 2 3

Standard First Lane Change Modified First Lane Change

Standard Last Lane Change Modified Last Lane Change

Standard: Last Lane Change

Standard: First Lane Change

Modified: Last Lane Change

Modified: First Lane Change

Far Left Lane Center Left Lane Far Right Lane

Figure 5: Drive 1 First and Last Lane Change Distances 


