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ABSTRACT

This study aims to clarify an "order effect" in a driver's perception of the quality of traffic service, particularly how the driver’s perception on the QOS is affected by the driving experience in the next sections, by analyzing satisfaction rating data on the quality of the driving environment, obtained in a video-clip survey with a utility-based driver's perception model.　Through the analysis, we found the order effect mainly in driving medium quality sections, and a tendency for the effect to be much stronger in driving from a low quality section to a medium quality one than in cases of high to medium.

1. INTRODUCTION

The quality of traffic service is of major interest to drivers. To evaluate the traffic performance of road sections, some studies measuring the driver's perception of the quality of traffic service in a road section have been conducted. However, there exists a possibility that the driver's perception to the quality of traffic service in a section is affected by the driving experience in the upstream and/or downstream sections. Such influence may carry some bias into models that relate driver’s perception to the QOS and surrounding traffic conditions. The aggregation structure of the driver’s perception over spaces is not sufficiently clarified as well.

The “order effect” refers to the perception, after experiencing a prior stronger or weaker stimulus, of the strength of two stimuli as being different from each other, even though their actual strength is the same. One cause of the above influence of the driving experience in upstream/downstream sections on the perceived QOS in a respective road section may come from this “order effect”. Hence, this study examines the order effect on the driver’s perception of the quality of traffic service. For this purpose, we prepared two sets of video clips with and without influence of driving experience in the upstream and downstream sections, and compared the satisfaction rating data to these sets of video clips.

In this study, we employ both “point-basis evaluation” and “section-basis evaluation”. Point-basis evaluation is the evaluation of the traffic conditions surrounding the driver at a certain point of time, while section-basis evaluation is the evaluation of the traffic conditions in a road section of a certain distance. Concerning point-basis evaluation, we compare the dissatisfaction ratings with and without the influence of other experiences by using a utility-based quality of service evaluation model developed by the authors. As regards section-basis evaluation, we investigate the existence of an order effect and ascertain a tendency by using two sets of video-clip survey data.

In the following part of this study, the methodology used for the analysis will be explained after a study review in chapter 2. Chapters 3 and 4 analyze order effects on the driver’s perception of the quality of traffic services on both a point and section basis, respectively. A conclusion is given in Chapter 5. 
2. METHODOLOGY
2.1 Study Review
There exist some attempts to evaluate the quality of traffic service based on the driver’s perception. Morrall and Werner (1990) found that the overtaking ratio considerably decreased in heavy traffic conditions, even though the time-of-delay ratio slightly increased, and pointed out that the perceived QOS must be decreased even though the QOS measured by time-of-delay ratio was mostly at the same level. Based on this finding, they emphasized that the QOS of traffic should be evaluated based on the driver’s perception of the immediate microscopic driving environment. We believe this to be reasonable. However, there exist many indices for describing microscopic driving environments. De Arzoza and McLeod (1993) proposed to adopt “average travel time” as the QOS index, for example. Flannery and Jovanis (2001) suggested that time-delay was an adequate index, and Hall (2001) recommended “traffic density”. Ishibashi, Kouchi and Sakai (2006) developed a satisfaction ratings model relating drivers’ perceptions measured by dissatisfaction degrees to density, and also showed that the satisfaction rating for the LOS related to one indicator of traffic conditions is not necessarily the same among all drivers.
Those studies tried to find a traffic condition variable that shows rather high correlation to the stated subjective rating of the perceived QOS, and proposed the variable as the substitution index of QOS based on the driver’s perception. However, drivers may not necessarily evaluate the QOS based on only one traffic condition variable, but may possibly evaluate QOS by jointly considering several influencing factors. Describing perceived QOS in one traffic conditional variable is questionable. For describing one traffic condition variable, no method to select the most adequate index exists.

Kita (2000) has pointed out that this confusion came from the lack of a methodology to evaluate QOS measurement models, and proposed a methodological framework for measuring QOS that is based on the driver’s perception. The basic idea of this framework is to describe the driver’s perception of the total QOS of a particular road section by the aggregated perception of the QOS of the microscopic driving conditions at each instance in the road section, and serve to examine modeling adequacy by comparing estimated and revealed driving behaviors.

Kita, Tanimoto and Shiotani (2000) correlated driving stress and the traffic conditions surrounding the driver, and proposed a model to estimate the driver’s utility to the microscopic driving environment that the driver is facing. Kitajima and Kita (2003) conducted experimental driving on a road section of expressway, and examined the performance of the proposed utility-based model to describe a driver’s subjective evaluation of the quality of traffic service by using the data obtained in the experimental driving. Kita, Kotsubo and Tanimoto (2005) refined the model by introducing PICUD, an index of rear-end collision risk (Uno, et. al, 2003), instead of TTC, Time to Collision, and showed a better fit between the driver’s subjective evaluation and the aggregated utility of a driver to the traffic conditions. However, some residual also remains between them. One cause of this lack of fit may come from the influence of “order effect”. Order effect is the perception, after having experienced prior stronger or weaker stimuli, that two identical stimuli differ from each other in strength. As far as the authors know, no study can be found which deals with such an effect on the driver’s perception of the QOS due to the influence of proximate road sections.

In terms of this awareness, we shall investigate the influence of order effect on how the driver’s perception of the QOS is affected by the driving experience in the next sections, by analyzing subjective evaluation data on the quality of the driving environment obtained in a video-clip survey.

2.2 Order Effect Control and Point/Section Basis Evaluation

Due to the difficulty of order effect control in a real driving survey, we introduced a video clip survey to collect a set of data for analysis. A set of video data which records the driver’s view in several runs of experimental driving in a road section is used to prepare video clip data. Each original video data set is divided into several clips. The length of each clip is 6 seconds for the analysis of point-basis evaluation, and one kilometer for the analysis of section-basis evaluation, as shown in the following part. 6 seconds is a length of time in which subjects can recognize the immediate traffic conditions, but in which no big change in traffic conditions occurs. For surveying the driver’s perception under the influence of the experience in the upstream/downstream sections, several clips are projected continuously, with no time interval between them. For surveying the driver’s perception with no influence of experiences in other sections, each clip is projected alone, with a certain interval between clips. Through a series of examinations to find an interval of a sufficient length of time, 20 min. was selected for point-basis evaluation and 30 min. for section-basis evaluation, to avoid the influence of experience in other points or sections. Hereafter, we will call the former data “uncontrolled video data” and the latter data “controlled video data”, respectively. 

The driver’s evaluation of each driving condition displayed in a video clip is stated in 11 levels, respectively. Existence or degree of order effect on the driver’s perception to the quality of traffic service is examined by comparing data from these two survey sets.

2.3 Original Video Data
The original video data used in this study are those prepared for the study at the Japan expressway public corporation (see Ishibashi, Koyabu and Kouchi, 2004). The picture in the video data is recorded toward the car’s front side from just beside the driver’s eye level, to reproduce an image similar to the driver’s view. For this purpose, the recorded video data also include a digital speedometer to complement the sense of speed, a rearview mirror to check the rear side conditions, and the sound experienced during the driving. The original video data consist of those recordings in ten road and traffic conditions, as shown in the Table 1.The time length of the recorded data is one minute each.

Table 1  Recording of Original Video Data

	No. of Lanes

	Levels of Congestion
	Traffic Density

(pcu/km/lane)
	Location
	Date

	6
	light
	7
	Tohmei Expressway

Miyoshi I.C.

    - Nagoya I.C.
	Oct. 11 (Sat.)

Oct. 18 (Sat.)

2002

	
	medium light
	15
	
	

	
	medium
	20
	
	

	
	medium heavy
	30
	
	

	
	heavy
	50
	
	

	4
	light
	7
	Tohmei Expressway

Yokohamaaoba I.C.

- Atsugi I.C.
	Oct. 11 (Sat.)

Oct. 18 (Sat.)

2002

	
	medium light
	15
	
	

	
	medium
	20
	
	

	
	medium heavy
	30
	
	

	
	heavy
	50
	
	


2.4 Dissatisfaction Rating Data

In the video survey, for both point-basis evaluation and section-basis evaluation, the subjects were asked to assume they were driving the vehicle on the screen even though without maneuver control, and to evaluate the traffic conditions based on the degree of ease and/or comfort in driving in 11 levels from 0 to 10. Each time after viewing a video clip, subjects were asked to rate their evaluation to the quality of traffic conditions in that particular video clip. Fig.1 shows the rating chart distributed to the subjects as a reference.
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Fig.1  Rating Chart for Evaluation

In a preliminary survey of the subjects, more than 70% of 80 subjects answered “Yes” to the question “Did you really feel as if you were driving when you watched the video clips?”, and about 10% answered “No”. According to this result, it can be understood that the difference of video survey and real driving survey in evaluating the quality of traffic service is not so great. In the point-basis evaluation, correlation coefficients between evaluation data in the real driving of six runs of 1km surveyed by Kitajima and Kita (2003) and the point-basis video survey data to the　corresponding scenes are high enough, ranging from 0.74 to 0.98. In the section-basis evaluation, the correspondence of evaluation rankings to a video clip and the same video clip placed at the end of projection for checking the accuracy of the video clip survey revealed that 66.7% of the data samples show the same value, 26.7% show a difference of 0.5, and 6.7% show a difference of 1. These results support the appropriateness of using the video clip survey data for analyzing the influence of order effect in evaluating the quality of traffic conditions.

3. ORDER EFFECT IN A POINT-BASIS EVALUATION

3.1 Method

Here, we examine whether order effect exists or not in a point-basis evaluation of the quality of traffic conditions. First, we projected both uncontrolled video data and controlled video data, and then collected each set of subjective evaluation data respectively. Second, we calculated the point-basis utility of the scenes corresponding to the video clips by using eqs.(1) and (2). After taking these sets of data, we estimated the correlation coefficient between subjective evaluation data by using uncontrolled video data and the utility data, and the coefficient between the subjective evaluation data by using controlled video data and the utility data. If the latter one is higher than the former one, it can be understood that the difference is the result of order effect. In other words, the existence of order effect can be ascertained if the values of these two correlation coefficient are different.

The point-basis utility model by Kita, Kotsubo and Tanimoto (2005) focuses on collision risk and speed relative to the surrounding vehicles, and is described as eq.(1).
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where, ν1andν2 are speeds of the closest front and rear side vehicles at an instance of deceleration, respectively, s0 is the distance to the closest front side car, ∆t is the time difference between the beginning times of braking of front side vehicle and rear side vehicle (0.75 sec), and a is the degree of acceleration (-3.3m/s2).

3.2 Data Collection

From 10 sets of original video data shown in Table 1, the data set of traffic density 30 (pcu/km/lane) in the section of 6 lanes was selected for analysis because the change of traffic conditions is rather large. This data set covers 1 minute’s driving. In this driving, the driver decelerates from 66(km/h) at 3(sec) from the beginning to 25(km/h) at 33 (sec), accelerates to 33(km/h), decelerates to 21(km/h) at 45(sec), and then accelerates to 52(km/h) at 60(sec). The number of subjects is 3.

To make controlled video clip data, the original video data is divided into 10 video clips of 6 sec each and cut out. Then, the subjects view these video clips with inserting a time interval of 20 min. inserted between them. These data are stored as the controlled point-basis evaluation data.

For uncontrolled data collection, we use the same data set that is used for the controlled data collection, and project 10 video clips placed along the time passage without inserting time intervals. The subjects are asked to note their rating at every 6 sec. These answers are collected as uncontrolled evaluation data.

A set of data to be input of the driver’s utility model shown in eq.(1) is measured as follows. The desired driving speed is set as 105(km/h), based on statements by the subjects. Driving speed at every instance is measured by reading speedometer on the video clips. The driving speeds of front and rear side vehicles are calculated by measuring the length of time that the subject vehicle takes to pass the beginning end of a lane marker broken line and the next one, by reading a time indicator shown on the pictures, and the total length of one or two set(s) of a piece of broken line and a space, i. e. 20(m) or 40(m). Distances to the front and rear side vehicles are measured on still pictures paused at every 6 sec. by using lane marker broken lines as a reference. The length of the blind angle of the driver’s own vehicle is 2 (m) on the front side and 29.5(m) on the rear side. The values of parameters follow those identified in Kita, Kotsubo and Tanimoto (2005).

The existence of order effect influence in evaluating quality of traffic service is examined by comparing these controlled and uncontrolled evaluation data, along with the driver’s utility data. 
3.3 Results

The influence of order effect in point-basis evaluation is examined to compare the value of the correlation coefficient between the uncontrolled evaluation data and the driver’s utility data, and the value of the correlation coefficient between the controlled evaluation data and the driver’s utility data. The values of correlation coefficients of all three subjects increase from 0.78, 0.79, 0.88 in the uncontrolled case to 0.91, 0.81, 0.89 in the controlled case, respectively. 
This result suggests a possibility that order effect exists also in the driver’s perception for evaluating quality of traffic service, though it is of course far from general findings because of its very limited number of subjects. It becomes obvious that the performance of the utility-based model proposed by Kita, Kotsubo and Tanimoto (2005) increases by removing order effect.

It is also interesting, in relation to findings in section-basis evaluation shown in the following part, that the point-basis evaluation ratings in a controlled case are lower than those in an uncontrolled case during the interval of 45(sec) to 60(sec) where the traffic conditions become better.
4. ORDER EFFECT IN A SECTION-BASIS EVALUATION
4.1 Method

To collect controlled data of the section-basis evaluation, we projected video clips of each road section of 1 km independently, while inserting a time interval of 30 min. On the other hand, to collect uncontrolled data, we projected several video clips continuously without inserting a time interval. In the driving survey, subjects drove two consecutive sections without stopping, and the evaluation rating data for each section were collected after finishing the two sections of driving. In the video clip survey, the subjects viewed these two types of video clip data, controlled and uncontrolled, while taking a sufficiently long time interval between them.

When comparing these two sets of evaluation data, if a difference between controlled and uncontrolled data appears, the difference can be recognized as due to the influence of order effect. Based on this approach, we examined the existence of an order effect in the section-basis evaluation of the quality of traffic conditions.

4.2 Data Collection

For collecting controlled data, we projected all the section-basis video clips while inserting a time interval of 20 min. between every video clip, in the order shown in Table 2. 
Subjects were asked to note their rating for the quality of traffic conditions for every video clip. These answers were collected as uncontrolled evaluation data. The number of subjects was 15.
In collecting uncontrolled section-basis evaluation data, for simplicity, we projected 6 combinations of two-section video clips in the order shown in Table 3. We designated video clip data in the section of traffic density of 15 (pcu/km/lane) as a “high-quality traffic condition section”, those of 20 (pcu/km/lane) as a “medium quality section”, and 30 (pcu/km/lane) as a  “low quality section”, respectively. A time interval of 30 min. was placed between every combination of section-basis video clips. The reason for selecting video clip of traffic density of 20 (pcu/km/lane) can be perceived as a “not so good and not so bad” condition, for which evaluation may vary over wider range. 
Table 2  Section-Basis Video Clip Data (Controlled)

	Order of Projection
	Data No.
	Congestion Level
	Traffic Density

(pcu/km/lane)
	No. of Lanes
	Location

	1
	#1
	light
	7
	6
	Miyoshi-Nagoya

	2
	#7
	medium light
	15
	4
	Yokohama-Atsugi

	3
	#3
	medium
	20
	6
	Miyoshi-Nagoya

	4
	#2
	medium light
	15
	6
	Miyoshi-Nagoya

	5
	#8
	medium
	20
	4
	Yokohama-Atsugi

	6
	#4
	medium heavy
	30
	6
	Miyoshi-Nagoya

	7
	#10
	heavy
	50
	4
	Yokohama-Atsugi

	8
	#5
	heavy
	50
	6
	Miyoshi-Nagoya

	9
	#9
	medium heavy
	30
	4
	Yokohama-Atsugi

	10
	#6
	light
	7
	4
	Yokohama-Atsugi


Table 3  Combinations of Section-Basis Video Clip Data

	Order. of Projection
	Change of QOS
	No. of Road Sections

	1
	High ⇨ Low
	#2 ⇨ #4

	2
	Low ⇨ Medium
	#9 ⇨ #8

	3
	Medium ⇨ Low
	#3 ⇨ #4

	4
	Low ⇨ High
	#9 ⇨ #7

	5
	High ⇨ Medium
	#2 ⇨ #3

	6
	Medium ⇨ high
	#8 ⇨ #7


Examination of the influence of order effect in section-basis evaluation in the quality of traffic service was conducted by comparing these controlled and uncontrolled evaluation data.

4.3 Results

In the comparison of uncontrolled and controlled data, no influence can be found in the evaluation ratings from those in the second section to those in the first section. However, some tendencies can be recognized in four cases in the opposite direction. Fig. 2 shows these four cases of correspondence between the evaluation ratings in uncontrolled and controlled cases.
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      Fig.1 Influence of Order Effect              Fig.2 Influence of Order Effect
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      Fig.3 Influence of Order Effect              Fig.4 Influence of Order Effect
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In cases of transition from a low quality section to a medium or high quality section, the perceived level of quality becomes higher than that evaluated independently. The biggest difference between controlled and uncontrolled cases appears in cases of transition from the low quality section to the medium one. Although a fairly big difference can be recognized in transition from a low quality section to a high quality one, it is smaller than those in the former case.

Table 4 shows that the section with the biggest influence of order effect is the section of medium level of quality. This is quite interesting because this tendency is the same as the tendency found by Kahneman (1999) in the field of medical services. The section of medium level of quality corresponds to the concept “zero point” shown in his study, i.e. the situation of neither comfortable nor uncomfortable. The influence of order effect becomes bigger when the situation is closer to the “zero point”, and becomes smaller as the situation moves away from the zero point. Another tendency also exists by which a transition from a low or medium quality section to a high quality one produces a bigger influence of order effect than the transition from a high or medium quality section to a low quality one. This dissymmetry also agrees with what is pointed out by Kahneman (1999).

5. CONCLUSION

This study examined the existence of the influence of order effect on the driver’s perception in evaluating quality of traffic conditions. Through the video clip surveys the presence of order effect is confirmed in both the point-basis evaluation and the section-basis evaluation. The major findings are; (1) Influence of order effect tends to appear in driving in a section with a medium level of service quality, and (2) the influence in cases of transition from a low quality section to a high quality one is bigger than in the opposite direction.

However, the analysis in this study was conducted based on a very limited number of samples and road and traffic conditions. It will be necessary to reduce these limitations in future studies. Modeling the driver’s perception structure in evaluating quality of traffic service, as well as clarifying the concept “zero point” in the context of road traffic also deserve to be investigated.

The authors express their sincere appreciation to Mr. Akira Kouchi for his contribution in data collection and Mr. Takayoshi Suda for his assistance in data analysis.
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