[image: image1.emf]Source of information Female % Male %

χ

2

test

IVNS 214 86.6 271 93.4 ***

Direction signs at intersections 141 57.1 190 65.5 **

Intersection names on traffic signs 138 55.9 150 51.7

Street names on traffic signs 115 46.6 152 52.4 ***

Sheet maps 115 46.6 141 48.6

Place names on road signs 89 36.0 105 36.2

Landmarks along the route 90 36.4 83 28.6 *

Distant landmarks 41 16.6 43 14.8

GPS 21 8.5 25 8.6

Celestial bodies 4 1.6 19 6.6 ***

Magnetic compass 5 2.0 10 3.4

N 247 - 290 -

*

　

p<.10, ** p<.05, *** p<.01
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Abstract. Since the 1990s, the IVNS (in-vehicle navigation system) has rapidly become pervasive across Japan. Currently, instead of turn-by-turn displays, various types of maps are used in Japanese IVNSs, such as 2D or 3D maps, bird’s eye view maps, diagrams, and satellite images. In addition, drivers can choose between north-up and heading-up map orientations by dividing the display into different types of maps. Such a wide range of mapping styles can enable the tailoring of the map to the specific driving situation and driver’s preferences. Nevertheless, little is known about how drivers use these types of maps. The aim of this study is to examine the variations in the map use of IVNSs. Specifically, attention is focused on gender-related differences, since the recent growth in the number of female drivers may diversify the use of IVNS maps. We analyzed data from an online questionnaire survey of drivers living in the Tokyo metropolitan area (n = 537). A focus group interview with several drivers was also conducted to obtain additional information on the use of IVNS maps. The results of the analysis revealed that female drivers tend to use landmark information and heading-up displays, although their preferred styles of maps vary with the driving situation. These findings can be entirely explained by the findings of previous studies on gender-related differences in spatial cognition.

1.  INTRODUCTION
Ubiquitous mapping, which means that anyone can create or use maps anywhere and at anytime, has prompted the diversification of map styles, enabling them to be tailored to the situations of map users. The IVNS (in-vehicle navigation system) is a typical example of this trend. Particularly in Japan, IVNSs, which provide various styles of maps, have rapidly become pervasive. Nevertheless, little is known about how drivers use the different types of IVNS maps. 

Previous studies on map use have clarified variations in map use among the general public [1]. In particular, gender-related differences in map use have attracted the attention of researchers studying spatial cognition. According to the findings obtained from studies on spatial cognition and navigation, map use is expected to differ between male and female drivers. The aim of this study is to examine the variations in the map use of IVNSs, focusing on gender-related differences.

While most of the previous studies on this subject have employed experimental methods and have been conducted using small samples, few attempts have been made to collect and analyze data from a large sample. To grasp the diversity in the use of IVNS maps, I conducted an online questionnaire survey for drivers in the Tokyo metropolitan area and quantitatively analyzed the data obtained. In addition, to compensate for the limitations of the quantitative analysis of aggregated data and to examine the actual conditions of map use, a focus group interview was conducted with some of the respondents of the questionnaire.

2.  POPULARIZATION OF THE IVNS IN JAPAN AND VARIATIONS IN ITS MAP STYLE
Since the 1990s, IVNSs have rapidly become pervasive across Japan: The ownership rate of IVNSs has risen from 7.0% in 1997 to 33.5% in 2004. Such widespread use of IVNSs in Japan was promoted by the expansion of infrastructure developed by the government and private sector (e.g., ITS (Intelligent Transport Systems), digital road maps, and VICS (Vehicle Information and Communication System)) as well as the product development race among private companies. In addition, the difficulties in navigating Japanese cities because of their complex street networks and area-based address system [2] may have also lead to heavy dependence on maps—including IVNSs—for route guidance [3]. 

As a result, various types of maps are currently used in Japanese IVNSs, such as 2D or 3D maps, bird’s-eye view maps, schematic depictions, and satellite images (Figure 1); however, few IVNSs have turn-by-turn displays. In addition, drivers can choose between north-up and heading-up map orientations by dividing the display into different types of maps. Such a wide range of mapping styles can enable the tailoring of the map to the specific driving situation and driver’s preferences.
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(a) Schematic depiction


(b) 3-D pictorial map

Figure 1. Examples of maps used in Japanese IVNS

Source: A brochure on the vehicle navigation system of Matsushita Electric Industrial Co., Ltd. (2006)
3.  VIEWPOINT AND METHODOLOGY OF THE STUDY
3.1  Gender-related differences in spatial cognition and wayfinding

Over the past several decades, numerous studies have explored gender-related differences in spatial cognition and wayfinding skills [4]. Many researchers have reported that males perform better than females, especially on small-scale tasks involving mental rotation and spatial perception. Nevertheless, some authors argue that males might perform better than females do on some spatial tasks and that the reverse might be true for other tasks [5, pp.103–110]. For instance, males are likely to outperform females on tasks requiring the use of spatial knowledge from direct experience rather than on tasks involving the use of map-derived knowledge; on the other hand, females excel at landmark memorization and localization [6]. In addition, Gilmartin and Patton [7] and Golledge et al. [8] found a slight difference between the sexes with regard to a variety of map use and map-learning tasks. 

Gender differences can also be regarded as an outcome of the different strategies that males and females may use in spatial tasks rather than as a matter of superiority or inferiority with regard to spatial abilities. For example, women often use localized landmark-based wayfinding strategies, while men often use more global configurational strategies to follow routes [9, p.35]. Concerning verbal descriptions of routes and places, males tend to use cardinal directions and metric-distance terms, while females refer more to landmarks in their route descriptions [10].

These differences may also be affected by personality factors. For example, females’ spatial anxiety is closely related to their wayfinding strategies [11, 12]. Since the fear of getting lost is likely to have a negative impact on confidence with regard to wayfinding, women tend to have less confidence in their spatial abilities than do men [13]. As a result, females are likely to have few navigational experiences compared to males as well as fewer opportunities to increase their spatial orientation skills [14].

Nevertheless, it is not clear whether these findings drawn from experimental studies in laboratories are applicable to performance in the real world setting. In particular, little is known about gender-related differences in the use of IVNS maps. The aim of this study is to reexamine the findings drawn from spatial cognition research in the context of navigation with the IVNS. 

3.2  Hypotheses

According to the findings from the previous studies on gender-related differences in spatial cognition and wayfinding, the following hypotheses about the use of IVNSs can be formulated:

(1) The role of landmarks: While male drivers would pay greater attention to configurational or survey knowledge (e.g., cardinal directions, distance), female drivers would be more likely to use landmark or route knowledge. This difference can affect the information used in navigation with IVNS. 

(2) Map orientation: Because females are poorer than males at mental rotation tasks, female drivers would prefer to use the heading-up display of IVNSs as compared to male drivers.

(3) The use of maps and verbal guidance: Since males tend to navigate by relying heavily on configurational knowledge, they would prefer to use maps in IVNSs. In contrast, females would prefer to use the verbal guidance of IVNSs, because of their preference for landmark or route knowledge and their superior verbal abilities.

(4) Sense of direction and wayfinding: Since females have a higher level of spatial anxiety, their self-assessments of their sense of direction would be lower than that of male drivers. This may not necessarily lead to the experience of disorientation, because females are likely to navigate carefully to compensate for their poor sense of direction.

These hypotheses are tested through the methods described later.

3.3  Research method

To examine the variations in the use of IVNS maps, data from a large number of people should be collected. Hence, I conducted an online questionnaire survey. The respondents were randomly chosen from members of iMi Net, an e-mail-based marketing service. The members voluntarily registered to participate in the survey, and there were about 45,000 registrants. The questionnaire survey was conducted by assigning an equal number of respondents to five age groups—from the 20s to the 60s—and ensuring that there was an equal number of males and females in each group. Sampling and the collection of the questionnaire were commissioned to Lifemedia Inc. in 2005. Consequently, 1,008 members answered the questionnaire. Quantitative analysis was conducted on the data of 537 respondents who had used an IVNS, focusing on the differences between men and women. The questionnaire consisted of 21 items concerning wayfinding strategies, sense of direction, and the use of maps and IVNSs. 

Then, a focus group interview concerning the details of the conditions of the use of maps and IVNSs was conducted with 14 drivers (8 women and 6 men) from among the voluntary respondents of the questionnaire. Male and female groups were interviewed separately for two hours. The content of these interviews were recorded with an IC recorder and qualitatively analyzed. 

4.  GENDER-RELATED DIFFERENCES IN THE USE OF IVNSS
4.1  Quantitative analysis of questionnaire data

4.1.1  The role of landmarks

Concerning the spatial information used in an unfamiliar environment, women reported greater use of landmark information than did men (Table 1). In contrast, male drivers pay more attention to street names and direction signs, which suggests that they use more configurational strategies, relying on the survey knowledge to follow routes. These results are in accordance with the findings obtained in the previous studies on gender-related differences in wayfinding strategies and direction giving.

These differences are also reflected in the responses to the questions about the scale and style of maps. Although respondents choose appropriate scales and styles of IVNS maps according to the driving situation, men favor ordinary 2D maps (Table 2). In contrast, women prefer to use schematic diagrams at major intersections, indicating the use of a landmark-based wayfinding strategy. 

Table 1. Source of reliable information used in driving unfamiliar route (multiple answer).
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Table 2. Scale and type of maps used in each situation of drive.
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Situation of drive

Scale / Type of maps

%Female

%Male

%Female

%Male

%Female

%Male

%Female

%Male

Small scale plane map

54.3

61.0

72.9

72.8

23.9

27.2

25.5

22.1

Small scale bird's eye view

10.5

8.6

13.4

12.4

7.3

8.6

8.1

4.5

Largel scale plane map

24.3

24.5

6.5

8.3

42.9

42.1

40.9

48.6

Lage scale bird's eye view

2.0

1.4

0.4

2.1

6.1

8.3

7.3

7.9

Schematic diagrams of intersections

7.3

3.4

5.7

4.1

18.6

11.4

15.4

11.7

3-D picture of intersections

1.6

1.0

1.2

0.3

1.2

2.4

2.8

5.2

Total

100.0

100.0

100.0

100.0

100.0

100.0

100.0

100.0

N

247

290

247

290

247

290

247

290

Searching

destination

Route selection

Finding

alternative path

Checking present

location and

direction


4.1.2  The orientations of maps

Although drivers’ favorite IVNS map orientations vary not only with the driving situation but with sex, there was an overall preference for the heading-up form, especially when drivers check direction or find alternative paths (Table 3). This is in accordance with the previous research finding that forward-up aligned maps are easier to use than misaligned maps are [15]. In particular, female drivers tend to use the heading-up display even when they find their destination or select routes before driving. The reason for this could be that females are poor at the mental rotation task that is necessary to read misaligned maps. 

Table 3. Map orientation of IVNS used in each situation of drive.
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%Female

%Male

%Female

%Male

Searching destination

46.2

57.2

53.8

42.8

<.01

Route selection

41.3

55.2

58.7

44.8

<.01

Checking present location and direction

25.5

32.1

74.5

67.9

n.s.

Finding alternative path

25.5

31.0

74.5

69.0

n.s.

N

247

290

247

290

p: Significance levels of Chi-square test.

North-up

Heading-up

p

 


4.1.3  The use of maps and verbal guidance

Since the Japan Automobile Manufacturers Association and the Road Traffic Act, which was revised in 2005, do not permit drivers to look at the monitor of an IVNS for more than two seconds, most Japanese IVNSs provide verbal guidance to compliment the map. Nevertheless, the verbal guidance can provide only part of the information that the maps provide. Hence, drivers should use the verbal guidance and maps of the IVNS appropriately.

As shown in Table 4, there are several differences between men and women in the pattern of using IVNSs. Male drivers indicate confidence in using IVNSs, changing the map scale, and neglecting route guidance. In contrast, female drivers tend to unconsciously drive away from the route and rely on the verbal guidance of the IVNS. Therefore, the reason for female drivers’ reliance on verbal guidance could be that they cannot afford to look at maps on the monitor while driving. This is reflected in the complaints about IVNSs, as shown in Table 5, where about half the females show dissatisfaction about not being able to look at maps while driving, whereas males complain about the depiction of maps or advanced functions of IVNSs.

Table 4. Levels of disagreement with the statements about the use of IVNS.
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Female

Male

I feel safe when I drive with IVNS.

1.70

1.56

0.73

0.66

*

I change map scale of IVNS frequently.

2.82

2.57

0.99

1.02

**

I have difficulty in setting route on IVNS.

2.74

2.95

0.95

1.00

*

Sometimes I drive away from the route of IVNS unconsciously.

2.74

3.05

0.94

0.91

**

Sometimes I neglect the route guidance of IVNS intentionally.

2.28

1.96

0.87

0.89

**

I think speech recognition of IVNS is a convenient function even imperfect.

2.15

2.07

0.87

0.85

I place prime importance to more functions when I select IVNS even if they

are useful.

2.61

2.60

0.90

0.96

I usually drive relying on verbal guidance of IVNS because I cannot afford

to look at maps on the monitor.

2.87

3.14

0.91

0.94

**

I usually search route with IVNS even in the drive to near or familiar places.

3.35

3.29

0.93

0.91

I refer to the manual in detail when I learn to operate IVNS.

3.16

2.89

0.96

1.00

**

I search the route with IVNS only when I go on an outing.

2.40

2.40

1.02

1.00

N

247

290

-

-

# Levels of disagreement rated on four-point scale.

* p<.05, ** p<.01

Mean#

SD

T-test

Item


Table 5. Complaints and requests to the functions of IVNS (multiple answer).
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%Female

%Male

Chi-

square

test

Complicated procedures for scrolling or changing scale of the map

47.0

44.5

Insufficient precision of forecasting congestion or travel time

29.6

52.1

**

Incomprehensible route connections

41.3

37.6

Inability to look at the map during drive

47.0

29.3

**

Difficult to get information about tourism or restaurant

23.1

33.4

**

Difficult to read signs or letters on the map

19.8

30.0

**

Inadequate verbal guidance

20.2

16.6

Too small signs or letters on the map

19.4

16.9

Other

13.0

13.1

N

247

290

** p<.01


4.1.4  Sense of direction and wayfinding

The participants’ self-assessments of their sense of direction show that males are more confident about their orientation and wayfinding abilities than females are (Table 6). This implies that females feel considerable anxiety about navigation. Nevertheless, there is a smaller difference in the experience of disorientation between males and females, as can be observed in Table 7. The reason for this could be that considering their poor sense of direction, females tend to navigate carefully, while males are prone to driving boldly, neglecting navigational guidance (see Table 4), due to overconfidence in their spatial abilities. The responses to the question on the reason for the disorientation experience, wherein males frequently reported that they had believed the wrong route to be correct, appear to reflect this.

The difference in confidence in spatial abilities between men and women is also related to the frequency and spatial extent of driving. For example, men tend to drive more frequently and in a wider area than do women. This is closely related to the purpose of driving: The major purpose of driving for women was picking up family members or shopping. These differences are attributable to the gender-based division of labor.

Table 6. Mean scores by male and female on the self-

  assessment of one's sense of direction.
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Mean

SD

N

Female

3.05

1.088

247

Male

2.51

0.978

290

t=5.98, p< .001

Answers were made on 5-point scale: 1 was

"very poor", 5 was "very bad".


Table 7. Experience of disorientation.
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Female

%

Male

%

Scarcely

41

16.6

50

17.2

Occasionally

132

53.4

180

62.1

Sometimes

57

23.1

44

15.2

Frequently

17

6.9

16

5.5

Total

247

100.0

290

100.0

Chi-square = 6.557, p<.10


5.  QUALITATIVE ANALYSIS OF THE FOCUS GROUP INTERVIEW
To ascertain the validity of the findings obtained through the quantitative analysis of the aggregate data and to examine the actual conditions of map use, a focus group interview was conducted. Rather than gender differences, the participants showed several tendencies common to male and female drivers. 

First, in actuality, drivers do not use many types of maps and choose from among the various IVNS maps; however, they use different types of maps in accordance with the situation. Unexpectedly, they prefer to use conventional, plane maps rather than new types of maps (e.g., bird’s eye view or 3D maps), which is consistent with the result of the questionnaire data (see Table 2). Some participants discussed the reasons for this, citing that they were not accustomed to using these new types of maps and that it was difficult to recognize distances from a bird’s eye view. In addition, some participants stated that they seldom divided the display or changed the map scale because of the difficulty in operating the system. Thus, new types of IVNS map depictions are not effectively used by drivers.

Concerning the orientation of maps, some participants stated that they chiefly used north-up displays of IVNSs, although most of the participants preferred heading-up ones. There is little difference in this tendency between men and women. In any case, two types of drivers can be differentiated in terms of map orientation preference.

With regard to the use of verbal guidance, many participants complained about the inaccuracy and inappropriate timing of the guidance. Current IVNSs, in particular, can provide insufficient information when one navigates in the vicinity of the destination due to the limitations regarding accurate positioning. Hence, drivers do not entirely rely on the guidance of IVNSs. For instance, some participants stated that when driving, they usually carried printed maps obtained via the Internet. 

Consequently, unlike in the case of the questionnaire data, marked differences between men and women were not observed in the results of the group interview. This could be due to the fact that the sample was biased since it comprised participants who appear to be more interested in driving and IVNSs than the general public is. In any case, this implies that various factors besides gender may have an influence on the use of IVNSs. Nevertheless, a large numbers of female participants discussed their poor sense of direction and difficulty in looking at maps while driving. Hence, some of the gender-related differences can be attributable to females’ anxiety about orientation and wayfinding rather than to the difference in spatial abilities.

6.  CONCLUSIONS
So far, I have outlined the gender-related differences in Japanese drivers’ use of IVNSs. The results of the analysis of the questionnaire data entirely supported the four hypotheses derived from the previous studies on gender-related differences in spatial cognition. In addition, this research revealed that drivers use different types of INVS maps in accordance with the driving situation. Considering the findings from the focus group interview, some of the gender-related differences can be attributable to females’ anxiety about orientation and wayfinding. Hence, these differences should not be discussed solely in terms of the superiority or inferiority of spatial abilities.

Variations in the use of IVNSs among each gender group also imply that a variety of factors other than gender may have an influence on the use of IVNSs. In particular, differences in spatial cognition and orientation have been explained by biological theories (e.g., hormones, brain laterality); evolutionistic theories (e.g., hunting or gathering); environmental factors; personality factors; and so on [14]. Nevertheless, there have been no consistent explanations because gender difference is confounded with other variables. The use of IVNSs, in particular, can be affected not only by map reading abilities but also by driving skills or spatial experiences in daily life. Hence, a future direction of this study will be to examine the gender-related differences while considering innate as well as experiential properties of spatial cognition and wayfinding. 
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