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Driver Responses to Urban Freeway  
Information Loads: A Summary

What We Did …
Relationships between infor-

mation flow, driver stress, driver 
performance, and accident experi-
ence have been hypothesized.  This 
research project classifies urban 
freeways in Dallas, Houston, and 
San Antonio, Texas, regarding the 
intensity of information flow or in-
formation load presented to drivers.  
The classification process includes 
dividing the target freeways into 
homogenous sections so that num-
bers of lanes and traffic volumes 
are uniform within sections.  A 
procedure for classifying sections 
regarding the intensity of informa-
tion flow or load presented to driv-
ers is described and applied to all 
subject urban freeway sections in 
the three selected cities. 

Information load as described 
here includes information from traf-
fic control features, adjacent traffic 
streams, and the vehicle itself, as 
well as background visual noise.  
Crash statistics for 1999, 2000, and 
2001 were compared to information 
load rates to determine whether 
relationships between informa-
tion loads and crash rates can be 
found. Test  drivers experienced 
each of the 27 information load 
levels identified for the freeways 
in the three Texas cities as they 
negotiate selected driving routes.  
A portable data acquisition system 
records the driver’s field of view, 
vehicle trajectory data (Figure 1), 
driver electro-cardiogram, and 
eye movements (Figure 2), as the 
drivers experience the real-world 
information flow situations.  

What We Found …
Significant relationships be-

tween information load levels and 
driver behavior were detected.  In-
vestigation of crash data for 1999, 
2000, and 2001 for freeways in 
Houston, San Antonio, and Dal-
las indicates several correlations 
between crash frequencies and 
information loads.  Increased sig-
nage on highways with two, three, 
and four lanes causes a growth in 
general accident frequency, with a 
simultaneous increase of multiple-
vehicle collisions, and in some 
cases crash severity.  Based on this, 
one might hypothesize that such 
conditions cause driver informa-
tion overload.  The data indicated 
that exceeding sign frequencies of 
0.18 and 0.21 signs per second on 

Figure 1.  Vehicle diagnostic module
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freeways with two and three-four lanes, 
respectively, causes major impacts, and 
therefore such values can be assumed as 
threshold values for driver information 
overload.

Analyses indicated that freeway sec-
tions with five and six traffic lanes and 
lower sign frequencies are characterized 
by increased crash frequencies.  This 
phenomenon supports the hypothesis 
that such traffic conditions may cause 
driver information underload and cor-
responds to sign frequency of 0.25 signs 
per second and less.

Additionally, test driving and associ-
ated driver behavior monitoring identi-
fied significant relationships between 
information load and driver behavior.  
Among these, the frequency of intense 
braking was found to increase signifi-
cantly with increasing information load, 
as shown in Figure 3.  Observations 
on freeways with up to four lanes per 
direction tended to show patterns of in-
creasing intense braking with increasing 
information loads. 

 Similarly, test driver heart rates were 
found to increase with increasing infor-

mation loads, particularly under heavy 
surrounding traffic scenarios, as shown 
in Figure 4.  Again, similar patterns of 
increasing heart rate with increasing 
information load were observed for 
freeways having up to four lanes per 
direction.

The patterns of increasing driver 
heart rate, which may be synonymous 
with stress level, and increasing infor-
mation loads were observed generally 
for all freeways having four or fewer 
lanes per direction.  However, freeways 
with five or more lanes tended to show 

Figure 2.  Biological module
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Figure 3.  Frequency of intense braking versus information load for 
light, medium and heavy traffic interaction (VIL A, B and C)
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an opposite pattern, with the highest 
information load levels appearing to 
be associated with the lowest driver 
stress levels.  The absence of bars in 
the highest information load classes 
(information load classes 25-27) shown 
in Figure 5 indicates that driver heart 
rates never exceeded 115 percent of their 
non-driving rates. 

Measurements of driver eye move-
ments along with other simultaneous ob-
servations made during the test driving 
appear to indicate that when negotiating 
wide five- or six-lane freeways, drivers 
tend to search for additional guidance 
rather than feel overwhelmed by an 
information-rich environment.

The Researchers  
Recommend … 

Combining the findings leads one 
to conclude that the following sign fre-
quencies correspond to optimal levels of 
driver performance, mental workload, 
and reduced driving stress:

• On two-lane freeways – from 0.16 to 
0.20 signs per second (10-12 signs 
per mile for speed limit 60 mph).

• On three- and four-lane freeways 
– from 0.18 to 0.22 signs per second 
(11-13 signs per mile for speed limit 
60 mph).

• On five- and six-lane freeways 
– from 0.25 to 0.29 signs per second 
(15-17 signs per mile for speed limit 
60 mph).

A   methodology for classifying urban 
freeways, based on the information load 
imposed upon drivers, was developed 
and implemented for Dallas, Houston, 
and San Antonio freeways.  This meth-
odology can be applied to freeways in 
any urban area to determine the current 
state of information load imposed upon 
urban freeway drivers.

Figure 4.  Frequency of driver heart rate exceeding 115% of  the 
non-driving rate for light, medium and heavy traffic interaction 
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Figure 5.  For five- and six-lane freeways,  frequency of driver 
heart rate exceeding 115% of  the non-driving rate for light, 

medium and heavy traffic interaction (VIL A, B and C)
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Disclaimer

Research Supervisor: Randy Machemehl, Ph.D., P.E., (512) 232-3107 
email: rbm@mail.utexas.edu

TxDOT Project Director: Melanie Young, P.E., Dallas District, (214) 320-6229  
email: myoung@dot.state.tx.us

TxDOT Research Engineer: Wade Odell, P.E., Research and Technology Implementation Office,  
(512) 465-7403 
email: wodell@dot.state.tx.us

The research is documented in the following reports:

0-4621-1   Quantitative Description of Informational Dimensions of Urban Freeways
0-4621-2   Driver Responses to Urban Freeway Information Loads

To obtain copies of a report: CTR Library, Center for Transportation Research,  
(512) 232-3126, email: ctrlib@uts.cc.utexas.edu

This research was performed in cooperation with the Texas Department of Transportation and the Federal Highway 
Administration. The contents of this report reflect the views of the authors, who are responsible for the facts and accuracy of 
the data presented herein. The contents do not necessarily reflect the official view or policies of the FHWA or TxDOT. This 
report does not constitute a standard, specification, or regulation, nor is it intended for construction, bidding, or permit purposes. 
Trade names were used solely for information and not for product endorsement. The engineer in charge was  Randy Machemehl, 
Ph.D., P.E. (Texas No. 41921).
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