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1. INTRODUCTION 
Over the years there has been an accumulation of evidence that suggests that road users in general, and 
drivers in particular, respond and adapt to safety treatments. This adaptive behavior may occur over 
time or over space. Although in same cases, red light cameras for example, the adaptation may result 
in a positive safety effect, in most cases the consequences can be negative due to increased risk taking 
behavior such as speeding, aggressiveness, or inattention.  

The idea of behavioural adaptation to road safety measures is not new (See, e.g., OECD, 1990.).  
Wilde (1988) suggested that it is so prevalent that the level of risk in the transport system essentially 
remains constant despite safety interventions -- the so-called risk homeostasis theory. However, 
researchers such as Underwood et al. (1993), who cite several examples of adaptive behavior 
following safety interventions, have overwhelmingly disputed the risk homeostasis theory. 

The purpose of this paper is not to contribute to the philosophical debate on the presence and extent of 
adaptive behavior, but to make the case, based on empirical crash-based evidence, that the influence of 
driver adaptation on treatment effectiveness needs to be considered in applying crash modification 
factors for these treatments in making cost-effective infrastructure investment decisions. The empirical 
evidence presented focuses to some extent on results from several studies involving the authors and is 
not intended to be exhaustive. Treatments for which evidence is presented and discussed are curve 
delineation, raised pavement markers, red light cameras and pavement friction improvement.  

2. SOME EMPIRICAL EVIDENCE OF BEHAVIOURAL ADAPTATION 
Presented below is a discussion of road user behavioural adaptation as it pertains to several 
infrastructure safety treatments. The discussion generally addresses the implications for crash 
modification factors, as well as possible mitigation measures in the case of negative consequences, and 
reinforcement opportunities in the case of positive adaptation. 

2.1 Raised Pavement Markers 
As a classic example of road user behavioural adaptation, Persaud et al. (2004) found that nighttime 
crashes on sharp horizontal curves on two-lane rural roads with low traffic volumes increased after 
permanent raised pavement markers (PRPMs) were installed. The study results are reproduced as 
Table 1. 
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Table 1: Crash Modification Factors for PRPMs (from Persaud et al., 2004) 
AADT CMF for Flatter curves CMF for Sharper curves 

<5000 1.16 1.43  

5001-15000 No change 1.26 

15001-20000 0.76 1.03 
 

It was argued by Persaud et al. that enhanced visibility could encourage drivers to increase speed, 
especially where traffic volumes were low, and that this increased risk taking can be especially 
dangerous on sharper curves. Conversely, they found that PRPMs were beneficial on flatter curves 
with higher AADTs where speed increases are more tolerable, and in any case are minimized due to 
the calming effects of higher traffic volumes.  

The results suggest, naturally, that this treatment should be targeted where it is likely to be effective, 
and vice versa, a strategy that is supported by other results from the study that revealed significant 
reductions in crashes, especially those in wet weather night time, in New York state where the 
treatment was targeted at sites with a high frequency of wet-night crashes. On the other hand, overall 
effects were negligible in New Jersey where the treatment was applied non-selectively. If it is desired 
to implement the treatment on sharper curves with lower AADTs then it seems prudent to 
simultaneously implement treatments aimed at discouraging increased speeds (such as more prominent 
advisory signing) or mitigating the effects (such as high friction surfaces). 

2.2 Curve Delineation 
Results in Srinivasan et al. (2012) provide further evidence of behavioural adaptation to road 
delineation, specifically for curve treatments for two-lane rural roads that included improved retro-
reflectivity of existing signs, post-mounted delineators, chevrons, raised pavement markers, and edge-
lines.  These results are reproduced in Table 2. 

Table 2: Crash Modification Factors for Curve Delineation (from Srinivasan et al., 2012)  

Crash Type AADT Range CMF* 

(standard error) 

Lane departure crashes 
< 3,800 1.206 (0.136) 

> 3800 0.731 (0.067) 

Crashes during dark 
< 3,800 1.192 (0.136) 

> 3800 0.678 (0.085) 

Lane departure crashes during dark 
< 3,800 1.200 (0.138) 

> 3800 0.712 (0.093) 
 *Results that are statistically significant at the 5% level indicated in boldface 

Similar to the findings of Persaud at al. (2004), it was found that target crashes increased where traffic 
volumes were low (<3800) and conducive to increased speeds, and that the treatment was beneficial at 
higher traffic volumes where increasing speed is a challenge. Note that the AADT threshold is much 
lower than that found in Persaud et al. (2004); however, the treatment combination is also quite 
different. The results again suggest that treatments such as this should be targeted where it is likely to 
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be effective, and vice versa, or that speed mitigation measures be simultaneously implemented where 
the treatment on its own can increase target crashes. 

2.3 Red Light Cameras 
In a large multi-jurisdiction study, Persaud et al. (2005) found, as shown in Table 3, a decrease in the 
right-angle crashes that are targeted by this measure and which are likely to have severe consequences.  

Table 3: Crash Modification Factors for Red Light Cameras (from Persaud et al., 2005) 
 Right-angle Rear-end 

Total Injury Total Injury 
Estimate of CMF 
(standard error) 

0.754 
(0.029) 

0.843 
(0.059) 

1.149 
(0.030) 

1.240 
(0.116) 

 

It seems logical that this safety benefit is caused by a positive behavior change – less red-light 
running. However, the increase in rear-end crashes (which tend to be minor and to be regarded as 
collateral damage) is likely a result of an abundance of caution that manifests in increased stops at the 
onset of amber and an increase in the dilemma zone. As important, was the limited evidence 
suggestive of a general deterrence effect of this treatment; there was a modest decrease in right angle 
crashes while there was only a negligible increase in rear-end crashes. This supports the expectation 
that driver adaptation will not be confined to the treated intersections and suggests that these spillover 
benefits ought to be considered in planning and evaluating this treatment. To counteract the 
unintended consequences of increases in rear-end crashes, adjustments to the intergreen period could 
be considered, as well as improving the friction on intersection approaches. 

2.4 Pavement Friction Improvement 
Lyon et al. (2016), using a multi-state database, found that dry road crashes can increase following 
certain types of friction improvement treatments, including microsurfacing, open graded friction 
course, chip seal and thin hot mix overlay. Table 4 summarizes the pertinent results, which indicate 
fairly consistent increases in dry road crashes that counteract the generally positive effects for the 
targeted wet road crashes. It seems evident that there is speed adaptation during dry road conditions, 
leading to unintended consequences. These negative consequences could potentially be minimized 
with the application of mitigation measures such as increased enforcement and/or more prominent 
advisory and speed limit signing. 

Table 4: Crash Modification Factors for Pavement Friction Improvements (Lyon et al., 2016) 

Treatment Road Type CMF 
Wet Road Dry Road 

Thin hot mix overlay 
Multilane 0.865  
Freeway 0.797  

Two-lane rural 1.256 1.181 

Open graded friction 
course 

Freeway 0.685  
Multilane  1.108 

Two-lane rural  1.120 

Chip Seal Multilane 0.373 1.206 
Two-lane rural 0.950 0.937 

Microsurfacing Multilane 0.785  
Two-lane rural 0.862 1.142 
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2.5 Other Treatments 
There are several examples of driver behavioural adaptation in results from other studies. These 
include: 

• A study by Zegeer et al. (2002) that found that pedestrian crash risk was greater at marked 
crosswalks compared to unmarked croswalks at vehicle traffic volumes greater than 10,000 
vehicles per day. The result has been largely attributed to the false sense of security created by 
the marking of crosswalks. 

• A now dated study by Persaud (1988) that found that while crashes decreased where 
intersections were converted from two-way to all-way stop control, they increased at nearby 
unconverted intrsections in neighbourhoods where there was a proliferation of conversions. It 
was argued that drivers approachng a stop sign at two-way stop controlled intersection became   
conditioned to expecting drivers on adjacent approaches to stop. 

• In a crash-based study of pavement marking retroreflectivity, Bahar et al. (2006) 
hypothesized, based on their results, that any effect of the level of brightness of pavement 
markings may be minimized by driver adaptation to road conditions. They concluded that ”the 
best estimate of the joint effect of retroreflectivity and driver adaptation is approximately zero 
for non-intersection road segments during non-daylight hours.” (It should be noted that these 
results have been subject to considerable debate and discussion; however, they are supportive 
of the reality of driver behaviour adaptation and the need for considering it is planning safety 
improvements.) 

• Results from Assum et al. (1999) showed that drivers compensate for road lighting in terms of 
increased speed and reduced concentration. This is an example of studies that are not crash- 
based so could not be used in quantitatively assessing the influence of driver adaptation in 
planning infrastructure safety measures. 
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