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In recent years, there has been growing interest in everyday-mirroring driving behavior 

studies that are not too heavily influenced by experimental conditions. As a result, more 

and more “Naturalistic Driving Studies” (NDS) are being carried out which are designed to 

capture the driver’s behavior in a natural driving environment. There are also more con-

trolled experimental real-vehicle studies (= experimental Field Operational Tests, eFOT), 

the purpose of which is generally to investigate the effects of driver assistance or driver 

information systems. The most common method of driving behavior observation, how-

ever, remains experiments conducted in the driving simulator.  

However no matter which method one might use to observe driving behavior, ultimately 

the results must always be able to withstand the same scientific quality criteria - namely 

objectivity, reliability, internal validity, content validity, external validity and replicability. If 

these quality standards are not adequately met, a study’s informative merit is restricted - 

and in extreme cases even zero. In this part 1 of the white paper on the methods of driv-

ing behavior observation, the most important quality standards for the scientific investiga-

tion will therefore be described and illustrated with examples from the practical field of 

driving behavior observation.  

  



3 
 

 

 



4 
 

Before new assistance and information systems make their way into cars, automotive 

manufacturers have to prove through studies as part of a self-imposed obligation (Alli-

ance of Automobile Manufacturers, 2006) that these new systems are safe. This primarily 

means that they also work correctly in rare, critical situations, that the driver can keep 

them under control at all times and that he is not distracted from the task of driving too 

much by using them. To carry out such investigations, there are various methods that dif-

fer chiefly in terms of their technical complexity, their closeness to reality and the extent of 

control over their methodology (for more on this, see Part 2). 

A trend has recently emerged among these evaluation studies: Standardized laboratory 

experiments with a controlled study design are being eschewed in favor of gathering driv-

ing data in real road traffic in conditions that are as close to reality as possible (Lietz et 

al., 2001). As a result, more and more Naturalistic Driving Studies (NDS) are being car-

ried out which are designed to capture the driver’s behavior in a natural driving environ-

ment. There are also numerous controlled experimental real-vehicle studies (= experi-

mental Field Operational Tests, eFOT), the focus of which is generally to investigate the 

effects of one or more driver assistance or driver information systems. Here too, the driv-

ing behavior is monitored in a natural driving environment, and differences between driv-

ing with and without the assistance system (or information system) are detailed. Despite 

these trends, however, most evaluation studies on driver assistance and information sys-

tems continue to be carried out in the driving simulator under laboratory conditions. 

No matter which method is used to observe driving behavior, ultimately the results must 

always be able to withstand the same scientific quality criteria - namely 

 Objectivity 

 Reliability 

 Internal validity 

 Content validity 

 External validity 

 Replicability 

If these quality standards are not adequately met, a study’s informative merit is restricted 

- and in extreme cases even zero. In this part 1 of the white paper on the methods of driv-

ing behavior observation, the most important quality standards for a scientific investiga-

tion will therefore be described briefly and illustrated with examples from the practical field 

of driving behavior observation. Part 2 will set out the various methods and their pros and 

cons explained using the quality criteria described here. 

http://www.ergoneers.com/en/newsroom/whitepaper/
http://www.ergoneers.com/en/newsroom/whitepaper/
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A method can be said to have objectivity if the results achieved with this method do not 

depend on who is using the method (Klein et al., 2012). If there are two different investi-

gators, then it must be ensured that both behave equally towards the test subjects and 

give identical instructions, for example. Otherwise the manner in which one investigator 

explains the task may indirectly give some test subjects useful tips but not others. To en-

sure as much implementational objectivity as possible, it is therefore recommended that 

instructions be given in writing. During a real journey, for example, the route to be taken 

can be announced by a sat-nav system, so that the content and timing of the instructions 

are always exactly the same for all test subjects. 

During the analysis of the recorded data, evaluation objectivity must also be ensured. If 

the analysis looks at whether the driver has made a mistake, the result must not depend 

on which analyst is making the assessment. Whether the driver has braked hard enough 

in front of a junction at which cars to the right take priority, whether he glanced over his 

shoulder or not, must be independent of the assessor. The rules for coding the observed 

behavior must therefore also be correspondingly precise in order to safeguard objectivity.  

Another example in which evaluation objectivity must be examined critically is the meas-

urement of the driver’s eye behavior without an eye-tracking system. In this instance, only 

the driver’s face is filmed with a camera in the car. Behind this, an assessor (= rater) must 

analyze the video and evaluate and code where the driver was looking at what point in 

time (e.g. at the road, at a system display, at the speedometer, at the rear-view mirror, at 

the wing mirror). Different raters often arrive at very different results. The extent of the 

agreement between two raters can easily be calculated (= inter-rater reliability). With 

glances directed at certain areas in the car (= Areas Of Interest, AOIs), the category data 

are convergent. As a statistical measure, Cohen’s Kappa (Cohen, 1960; Landis & Koch, 

1977; Bortz, Lienert & Boehnke, 1990) is used which translates rater agreement into a 

number between 0 and 1. Glances towards areas of interest that were merely measured 

with a simple video (i.e. without an eye-tracking device) are a special case of video-based 

behavioral coding. Unlike when an eye-tracking device is used, there is always a degree 

of skepticism over just how objective such results really are, and whether the results do 

not actually depend very much on the rater. By calculating rater agreement, such doubts 

can be dispelled. However there are not many publications on driver behavior observation 

that include these statistical parameters for the objectivity of the measuring method used.  

 

Reliability defines the degree of measurement accuracy (= precision) of a measuring 

method (Bortz & Döring, 2006). Every measurement, however, is also associated with a 

measurement error. The smaller this measurement error, the greater the reliability. The 

great thing about reliability is that - unlike internal or external validity - it can be quantified. 

This is because when the same thing is measured twice, the same result should also be 

reached twice. So if a group of test subjects travels through an identical traffic scenario 

twice under identical prior conditions, then the driving parameters measured must also be 

about the same in both cases. If they are very different, something is wrong. Just how 

well the data match in these two conditions can be calculated using statistical methods, 

depending on the type of data involved. Correlation is an example of such a method. Alt-

hough the reliability of a measuring method can be calculated relatively easily - key terms 

here include retest reliability, parallel test reliability, and split-half reliability - such calcula-

tions are carried out far too rarely in driving behavior observations.  
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Validity generally means how valid something is. It specifies whether a measuring method 

is measuring what it is supposed to measure. Internal validity relates to the question of 

how well an investigation is able to control significant disruptive variables. An investiga-

tion is therefore internally valid if its results can be interpreted in only one way (Campbell 

& Stanley, 1963; Cook & Campbell, 1979).  

During driving behavior measurements, for example, significant disruptive variables in-

clude the behavior of other road users, the influence of weather, and visibility conditions. 

If you want to measure, for example, how a certain assistance system impacts on the 

safe distance maintained from the car in front and a difference is discovered under the 

two study conditions “with system” and “without system”, then the differences should also 

be solely attributable to the test conditions. If however under one set of conditions a 

shorter safe distance is actually caused by heavier traffic, then the measurement is inter-

nally invalid. Problems with low internal validity due to numerous disruptive variables are 

typical, especially for studies involving real road traffic. In the driving simulator, on the 

other hand, it is possible to control third-party traffic and environmental conditions and 

keep them constant.  

Even when an eye-tracking device is used for eye behavior measurements in the car, in-

ternal validity remains an issue. Does the device also measure where a person is looking, 

or are the results partially invalidated as a result of disruptive influences? One typical er-

ror, for example, is the eye tracking glasses slipping down slightly during a long journey. 

This causes the initial calibration to no longer be valid and in the eyesight video the test 

subject’s glances are displayed incorrectly. If an eye-tracking device is used which offers 

Figure 1: Slipping of the eye tracking glasses during a long journey can make the eye measurements for the entire journey un-
usable, since the eye movement video no longer displays the actual directions of the driver’s gaze. An eye-tracking system with 
the options of recalibration (such as Dikablis from Ergoneers) can correct this error, however, and therefore increases the inter-
nal validity of measured visual data. 
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a recalibration option during visual data analysis, this error can be eliminated. Without this 

correction option, however, as soon as the glasses start to slip, all eye movements meas-

ured are incorrect and no longer internally valid. 

 

Content validity (also known as face validity) is given when whatever you actually want to 

measure is exhaustively captured by the measuring method in its most important aspects 

(Bortz & Döring, 2006; Rosnow & Rosenthal, 2007).  

Example: A lane departure warning assistant is an assistance system designed to pre-

vent accidents caused by inadvertent drifting from the motorway lane. Shortly before a 

drive would cross the lane markings (measured as Time to Line Crossing, TLC), the sys-

tem warns the driver or intervenes with a short, gentle movement of the steering wheel. 

Thanks to an early warning, i.e. the setting of a long TLC, a driver can be prompted by 

the system to make small steering corrections early and therefore drive as close to the 

middle of the lane as possible. If a driver is driving with this assistance system, he will 

quickly learn to drive in such a way that he has as few warnings or steering interventions 

as possible. He therefore remains in the middle of his lane. Without an assistance sys-

tem, however, he continues to drive as normal, occasionally veering towards the lane 

markings (i.e. the critical TLC is not met). If the two test conditions are now compared in 

statistical terms, it becomes clear that drivers with the lane departure warning assistant 

drive more often in the middle of their lane and less often fail to meet the critical Time to 

Line Crossing than drivers without the system. The conclusion that they are also driving 

more safely and are at lower risk of leaving the road as a result, however, is not neces-

sarily true. This is because failing to meet a TLC of 1.4 seconds, for example, is by no 

means the same as a near-miss departure from the road, and nothing like near-perfect 

driving in the middle of the road.  

The operationalization in this instance therefore lacks content validity. We want to meas-

ure the risk of an accident caused by leaving the road, but in fact we are measuring 

something different, i.e. how exactly and in an exemplary manner a driver can or wants to 

drive in the middle of a lane. The content validity would be greater if the only results 

counted in both test conditions were those in which the driver actually crosses the lane 

marking. This would be much more informative for an estimate of such a system’s acci-

dent avoidance potential. However this generally does not happen, because such events 

are so rare in normal car driving situations that they are very difficult to evaluate statisti-

cally. This is because these types of driving studies would consume a lot of time, test 

subjects and therefore money.  
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A study has external validity if its results can be generalized beyond the particular condi-

tions of the study situation. In this context, a distinction is made between two forms of 

generalization - namely generalization about people and situations (Hager & Wester-

mann, 1983; Cook & Shadish, 1994).  

If the results are to be generalized beyond the people specifically investigated in the 

study, the random sample of test subjects must be representative. If, due to their more 

ready availability, only students (= young learner drivers) or only vehicle engineers from 

an automotive manufacturer (= technology experts) are studied, for example, the results 

cannot reasonably be transferred to other populations, such as older drivers (= typical 

buyers of new, high-end cars). Generally speaking, the lower the representativity of the 

random test subject sample studied, the lower its external validity. 

If results are to be generalized beyond the specific situation studied, this requires, for ex-

ample, that people in a driving simulator actually behave in exactly the same way as in a 

real car in real road traffic. It also requires them to behave in a highly standardized exper-

iment in a simulator or in a real driving study with an accompanying investigator in the car 

in exactly the same way as they would if they were driving unobserved in their own pri-

vate car. These are very sizable assumptions and, aside from naturalistic driving studies, 

they are also rarely found in typical studies on driving behavior observation. Generally 

speaking, The more unnatural the study conditions, the lower the external validity.  

When the observation or measurement influences the behavior being observed or meas-

ured and therefore the data gathered, this is referred to as reactivity. This reduces the ex-

ternal validity. Reactivity is therefore a negative criterion. In observation studies, this phe-

nomenon has been referred to for almost 100 years as the Hawthorne effect (Roethlis-

berger & Dickson, 1964). This theory states that the participants of a study will change 

their natural behavior because they know that they are taking part in a study and that they 

are being observed. They therefore make more effort to perform better and behave in a 

more socially desirable manner. In driving observation studies, this means that the test 

subjects drive with greater concentration, make fewer driving mistakes, ignore distracting 

peripheral activities and drive more considerately than normal. All of this is to the detri-

ment of external validity. 

Carrying out a methodologically sound study with a high external validity is difficult. This 

is because there is a conflict of objectives when optimizing internal and external validity. If 

external validity is optimized, this usually has a deleterious effect on internal validity (and 

vice-versa), so that generally a compromise has to be accepted (Bortz & Döring, 2006).  
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Replication is the repetition of a study under identical or very similar conditions. If a study 

into the effect of an assistance system on driving behavior is repeated, for example, and 

the same or very similar results are obtained as the first attempt, then the conclusions of 

the study are significantly more well-founded than without the repetition. If however the 

results cannot be reproduced, despite the same pre-existing conditions, then the study is 

not replicable. This indicates that, during the execution or evaluation of the studies - even 

during the first run - some type of disruptive variable has invalidated the result, e.g. a lack 

of objectivity, unreliable measurements, uncontrolled disruptive variables such as third-

party traffic (i.e. a lack of internal validity), or even errors in the statistical analysis of the 

data.  

The tenet that scientific study results must be reproducible is a fundamental principle of 

science. If results of other, independent researcher groups cannot be reproduced, or if 

these groups arrive at contradictory results, then the long-term prospect for the conclu-

sions of such studies is an unfavorable one.  

The replicability of social sciences studies is generally not particularly good, and in recent 

years especially there has been heated debate between scientists over the causes of this 

and what can be done about it (Francis, 2012; Pashler & Harris, 2012; Giner-Sorolla, 

2012; Ioannidis, 2012). There is no reason to assume that traffic psychology studies in-

volving driving behavior observations are immune to this problem.  

Examples: In real driving studies, disruptive influences from uncontrollable third-party traf-

fic are so great, for example, that random influences can have a major effect on the re-

sults. And with conventional random test subject samples of 30 to 50 test subjects, it can-

not be assumed either that all of the disruptions that impact at random will somehow av-

erage themselves out at the end. The results of naturalistic driving studies are even 

harder to reproduce due to the lack of control. During experiments in the driving simula-

tor, the pre-existing conditions are certainly better, however here too, the results are re-

peatedly very much influenced by the driving simulator and specific technical settings 

used. In this case, the replication of a result by an independent group of researchers is 

made more difficult by the fact that the methods section of publications fails to describe 

the driving simulator used with all of its settings in adequate enough detail to allow the 

study to be reproduced under the same conditions.  

True replication studies are rare among driving behavior observations. At best, the ques-

tions or systems being investigated are the same, but not the entire study context (Makel, 

Plucker & Hegarty, 2012). There is also a lack of incentive to repeat the studies of other 

researchers in an identical manner, as well as to critically examine your own findings 

(Koole & Lakens, 2012). In the automotive sector especially, technology is also advancing 

rapidly. And even if one researcher were to have a serious interest in replicating a known 

result, e.g. on the use of a specific driver assistance system, then the automotive industry 

that usually finances such studies does not. The automotive industry much prefers to 

have the latest stage of its advanced systems evaluated. The study conditions are no 

longer the same, thereby precluding true replication. 

 

The criteria described are the quality standards for all types of scientific investigations 

and do not just apply to studies of driving behavior. All criteria are important. As a result, 



10 
 

no single criterion or groups of criteria should be neglected. In practical situations, how-

ever, such an ideal is hard to achieve because the optimization of one criterion often 

leads to a reduction of another. Maximizing internal validity, for example, commonly leads 

to a reduction in external validity and vice-versa.  

The various methods used in driving behavior observation - from naturalistic driving stud-

ies (NDS) and experimental real world driving studies to experiments in the driving simu-

lator and simple forms of simulated driving in the laboratory - have all of their characteris-

tic strengths and weaknesses in terms of these quality criteria. Part 2 of this white paper 

will describe these methods in more detail and explain their pros and cons in relation to 

the scientific quality standards mentioned using numerous practical examples. The aim is 

to provide the reader with a useful decision-making tool for selecting the method most 

suitable for the purpose of their study. 

 

Part 2: Pros and cons of various methods used in driving behavior observation 

http://www.ergoneers.com/en/newsroom/whitepaper/
http://www.ergoneers.com/en/newsroom/whitepaper/
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