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Abstract: In the present study, we investigated the effects of the different driving experience and gender on the driver’s situation awareness (SA) and the mental workload (MWL). A PC-based driving simulator was used to present experiment task and SA task. The MWL measures in this study consisted of the physiological measures and the subjective assessment. The results showed that with the increasing of traffic, the driving performance did not worsen, however participant’s MWL increased, at the same time, the participant’s SA performance deteriorated. We also found that female participants got better SA performance than male participants. However we seldom found the significant effect of driving experience on the drivers’ driving performance, SA performance, and the MWL score.
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1 Introduction
Situation awareness (SA) is an important concept in applied research, originating as a description what makes up the ace factor in 1980’s [Kamilla, 2004]. Today, it is widely accepted that good SA is required for successful and safe performance in tasks such as driving and air traffic control (ATC) [Endsley, 2000]. In contrast, low SA has been linked to operator error [Jones, 1996].    

There are diverse definitions of situation awareness in the literature. Arguably, the most accepted is by Endsley, who defines it as “The perception of elements in the environment within a volume of time and space, the comprehension of their meaning, and the projection of their status in the near future [Endsley, 1995].

Individual differences in driving performance are associated with group differences, such as gender and age. Matthews et al. (1998) found that older drivers and women had more cautious attitudes towards driving. To identify the factors that are associated with learning to drive safely has prompted investigations of differences in the attitudes and actual roadway behavior of those recently qualified and those who have been driving for a number of years. 
In this study, we will deal only with the driver’s awareness of the locations and the properties of other nearby vehicles on the road way. Besides driving experience and gender, we manipulated the traffic volume to explore how these performances changed with the change of the traffic. The eventual aim of this study is to identify differences in the SA and the MWL of novice and experienced drivers.
2 Methods
3.1 Participants

43 drivers (23 skilled drivers vs. 20 novices) participated in this experiment. 22 were males, and 21 were females. The average was 28.6 years (SD=4.9). 

3.2 Experimental Design 
In the present study, A 2（traffic: low, high）×2（gender: male, female）×2（experience: novice, skilled）three-factor mixed experiment design was applied. 

Dependent variables included: driving performance, SA performance, physiological indexes and subjective evaluations of MWL.

3.3 Materials 

The experimental task was conducted using a medium fidelity driving simulator, which was developed to measure SA performance and driving performance. 
The simulation environments included a three-lane highway presented from an egocentric viewpoint inside the driver’s vehicle. In simulated driving, participants needed to perform a real-world driving task and maintain SA of the surrounding cars. Because participants were asked to complete two SA measures (SRT&SJT) which involved the awareness of position nearby vehicles. At the same time simulator automatically recorded a series of data. 

Physiological indexes included heart rate, heart rate variability index(LF/HF), which were measured by recording equipment --- KF2 detector.

Subjective evaluations of MWL were measured by NASA-LTS questionnaire, including six items for six dimensions. 
3.4 Procedures

The participants were tested individually in a quiet room. Each participant completed the entire experiment according to the following procedures: (1) 5 min of general instruction on the experimental task; (2) about 15 min of training, including three entire trials; (3) 5 min of instruction of the SA questionnaire and subjective workload rating scale to be administrated during experimental trials; and (4) four 15-min formal experimental blocks, including the two SA tests and the subjective workload rating. The presenting order of these four blocks was balanced by Latin square to participants, however two conditions in same traffic was tested in succession. 
In the low traffic, there were four vehicles on the screen around the user when the moving screen disappeared. In the high traffic, there were six vehicles on the screen when simulated driving task finished.  
The MWL subjective workload rating scale was administrated after every traffic conditions. The physiological recording began before the practice and stopped after the formal experiment.

3 Results
The SA data included four indexes: the score of resuming direction (SXY), the estimating error (RE), The total score of judging (SJ) and the react time of judging (RT). Collision number (SB) was recorded by simulator as driving performance. 

4.1 SA performance:

Table 1. The SXY in different conditions

	
	
	Low traffic


	High traffic

	Skilled
	Man
	0.77 (0.2222)
	0.67 (0.1865)

	
	Woman
	0.90(0.042)
	0.79 (0.1342)

	Novice 
	Man
	0.84 (0.053)
	0.77(0.1057)   

	
	Woman
	 0.89 (0.059)
	0.78 0.1183)


The data reported in this article were analyzed by means of a repeated measures analysis based on the multivariate general linear model.  A 2（traffic: low, high）×2（gender: male, female）×2（experience: novice, skilled）repeated measures analysis of SXY revealed a significant main effects of traffic 〔F(1,29) = 23.486, p < .01〕and a margin significant effect of gender〔F(1,29) = 3.745, p = .063〕. The results showed SXY decreased along with the increase of traffic. Generally female’ SXY was better than male’s.

Table 2. The RE in different conditions

	
	
	Low traffic
	High traffic

	Skilled
	Man
	35.32(23.12)
	45.85(22.98)

	
	Woman
	19.20(7.36)
	34.19(11.59)

	Novice 
	Man
	20.71(6.14)
	34.25(13.41)

	
	Woman
	20.94(6.65)
	33.70(15.14)


Table 3. The SJ in different conditions
	
	
	Low traffic
	High traffic

	Skilled
	Man
	2.88(0.45)
	2.82(0.50)

	
	Woman
	3.47(0.20)
	3.17(0.50)

	Novice 
	Man
	3.29(0.38)
	2.98(0.44)

	
	Woman
	3.30(0.28)
	3.19(0.43)


The repeated measures analysis of RE revealed significant main effects of traffic 〔F (1,29) = 47.426, p < .01〕.The results showed RE increased along with the increase of traffic.
The repeated measures analysis of SJ revealed significant main effects of traffic 〔F (1,29) = 5.243, p < .05〕 and gender 〔F (1,29) = 6.398, p < .01〕. The results showed that SJ decreased along with the increase of traffic. Generally female’ SJ was better than male’s.

Table 4. The RT in different conditions

	
	
	Low traffic
	High traffic

	Skilled
	Man
	4.02(1.11 )
	4.26(1.39)

	
	Woman
	2.91(0.67)
	3.58(0.78)

	Novice 
	Man
	4.01(1.87)
	4.43(1.57)

	
	Woman
	3.22(0.87)
	4.01(0.73)


The repeated measures analysis of RT revealed significant main effects of traffic 〔F (1,29) = 4.630, p < .05〕 and gender 〔F (1,29) = 4.130, p = .05〕. The results showed that RT increased along with the increase of traffic. Generally female’ RT was shorter than male’s. 

The results of the SA performance indicated that high traffic resulted in worse SA. Generally female’ SA was better than male’s.

4.2 Driving performance

Table 5. The SB in different conditions

	
	
	Low traffic
	High traffic

	Skilled
	Man
	 1.32(0.50) 
	1.32(0.39) 

	
	Woman
	1.17(0.26 ) 
	1.07(0.39) 

	Novice 
	Man
	1.06(0.52) 
	1.08(0.23) 

	
	Woman
	1.45(0.50) 
	1.56(0.83) 


The repeated measures analysis of SB did not revealed any significant main effects, but found a significant interaction of EXPERICE * GENDER 〔F (1,28) = 4.607, p < .05〕. The results showed that SB had not been influenced by the traffic.  

4.3 Subjective Mental Workload performance

Table 6. Subjective MR score in different conditions
	
	
	Low traffic
	High traffic

	Skilled
	Man
	    12.75(4.03) 
	13.38(3.81) 

	
	Woman
	14.00(4.12) 
	15.71(2.63) 

	Novice 
	Man
	9.56(3.40) 
	12.56(4.56) 

	
	Woman
	11.25(3.24) 
	15.00(2.14) 


  In the present study, Subjective MWL included six terms. We only presented significant results.

The repeated measures analysis of MR revealed significant main effects of traffic 〔F (1,28) = 14.768, p < .001〕.

Table7. Subjective TP score in different conditions
	
	
	Low traffic
	High traffic

	Skilled
	Man
	11.00(3.38) 
	11.50(4.31) 

	
	Woman
	10.57(4.08) 
	12.00(3.00) 

	Novice 
	Man
	9.33(3.08) 
	12.44(3.09) 

	
	Woman
	7.75(3.96) 
	8.50(4.72) 


The repeated measures analysis of TP revealed significant main effects of traffic 〔F (1,28) =  9.215, p < .001〕.
Table8. Subjective SELFE score in different conditions
	
	
	Low traffic
	High traffic

	Skilled
	Man
	8.38 (3.25)
	7.63(3.07) 

	
	Woman
	10.29(3.95) 
	7.29(4.61) 

	Novice 
	Man
	10.56(3.64) 
	10.44(3.71) 

	
	Woman
	10.00(4.5) 
	6.88(3.8) 


The repeated measures analysis of TP revealed significant main effects of traffic〔F (1,28) = 6.009, p < .05〕, Whereas revealed a margin significant traffic*gender interaction.
4.4 Physiological data
Table 9. The HR in different traffic conditions 

	
	
	Low traffic
	High traffic

	Skilled
	Man
	69.43 (7.89)
	71.61  (9.50)

	
	Woman
	71.94 (10.06) 
	73.54  (11.28)

	Novice 
	Man
	70.50  (8.17)
	69.77  (8.51)

	
	Woman
	77.23  (5.65)
	79.27  (8.91)


Table 10. The HRV in different traffic conditions

	
	
	Low traffic
	High traffic

	Skilled
	Man
	2.56(1.51) 
	3.46(2.23) 

	
	Woman
	1.92(1.29) 
	1.95(0.95) 

	Novice 
	Man
	3.46(1.30) 
	3.25(1.40) 

	
	Woman
	1.57(0.83) 
	2.35(1.01) 


    The repeated measures analysis of HR revealed a significant main effects of traffic 〔F (1,28) = 5.387, p < .05〕.
The repeated measures analysis of HRV revealed significant main effects of traffic 〔F (1,28) = 4.872, p < .05〕 and gender 〔F (1,29)=7.577, p < 0.01〕. 

The results of MWL showed that with the increasing of traffic, Heart rate and heart rate variable increased. Whereas participants’ subjective MWL which included mental required, time pressure increased, and self-estimate worse.

4 Discussion of Results
The results in present study indicated that with the traffic increasing, participants aroused more energy to cope with the complex task, while their subjective mental workload increased and their SA performance worsen. 

Our experiment results showed that female participants’ SA performances were better than male’s, which is a valuable result which is helpful to identify the factors that are associated with driving safely. While our results indicated some items of female’s WML were higher than male’s, thus we could conclude: Female would activated more physiological resource to deal with challenge when the difficulty of task increased, and they also got better SA.

In the present study, the significant effect of driving experience didn’t revealed. There were two reasons. Firstly, the reason is that the SA task used was different with the actual driving task. Secondly, the perceptual tracking subtask was not same affected by the driving performance as the memory-based SA performance. 
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