Title: 
Age differences and the acquisition of spatial knowledge in a three-dimensional environment: evaluating the use of an overview map as a navigation aid

Authors: 
Marie Sjölinder*, Kristina Höök**, Lars-Göran Nilsson***, Gerd Andersson*

Affiliations: 
*
SICS (Swedish Institute of Computer Science) 


Box 1263, SE-164 28 Kista, Sweden


** 
Department of Computer and Systems Sciences, Stockholm University


Forum 100, SE-164 40 Kista, Sweden


***
Department of Psychology, Stockholm University



SE-106 91 Stockholm, Sweden
Full address for correspondence:

Marie Sjölinder, SICS (Swedish Institute of Computer Science),

Box 1263, SE-164 28 Kista, Sweden

Phone: +46 8 633 15 00 (1596), Fax: +46 8 751 7230

E-mail: marie@sics.se
Age differences and the acquisition of spatial knowledge in a three-dimensional environment: evaluating the use of an overview map as a navigation aid

Marie Sjölinder*, Kristina Höök**, Lars-Göran Nilsson***, Gerd Andersson*

*SICS (Swedish Institute of Computer Science)

**Department of Computer and Systems Sciences, Stockholm University

***Department of Psychology, Stockholm University

Abstract

This study examined age differences in the use of an electronic three-dimensional (3D) environment, and how the age differences were affected by the use of an overview map as a navigation aid. Task performance and the subjects’ acquisition of configural knowledge of the 3D-environment were assessed. Impact of spatial ability and prior experience on these measurements were also investigated. One group of older subjects (n=24) and one group of younger subjects (n=24) participated. An overall hypothesis for the work presented here was that differences in learning to and performing navigational tasks in the physical world are similar in learning and performing navigational tasks in the virtual world. The results showed that the older participants needed more time to solve the tasks; and similar to navigation in the physical world, the older participants were less likely to create configural knowledge. It could not be established that older participants benefited more from an overview map as cognitive support than younger subjects, except in the subjective sense: the older users felt more secure when the map was there. The map seemed to have supported the older users in creating a feeling of where objects were located within the environment, but it did not make them more efficient. The results have implications for design; in particular, it brings up the difficult issue of balancing design goals such as efficiency in terms of time and functionality, against maintaining a sense of direction and location in navigational situations.

1 Introduction

Older adults usually face larger difficulties than younger adults in learning and using new computer applications. The learning process is longer (Kelly and Charness, 1995) and in several studies (subjects average age ranging between 66.8 and 70.6) it has been found that they need more time to solve different tasks (Kubeck et al., 1999; Mead et al., 2000; Sjölinder et al., 2003). Several factors can account for these differences. A number of studies have been conducted to uncover the influence of different factors on this difference in learning and usage.

Even though older adults are enthusiastic about learning to use computers (Morrell et al., 2000) motivational factors might affect learning and usage, and in turn the amount of experience that is achieved. When people have retired and no longer have to keep up with new technology for work purposes, they might make other priorities in life where learning new computer applications seem less important (Östlund, 1999). Studies that have measured computer and Internet experience among older adults have also shown that older adults (age: m=69.8) have less computer experience (Mead et al., 2000) and that they (age: m=66.8) also have less Internet experience (Sjölinder et al., 2003); to some extent, these factors can explain the age differences between older and younger computer users (Kelly and Charness, 1995). However, when controlling for general computer experience, the age-related differences in computerised task performance are not eliminated (Czaja and Sharit, 1997). The age-related difference in the use of computers might also be explained by changes in cognitive processes (Czaja, 1996). Most cognitive functions decline with age, including information processing speed (McDowd and Shaw, 2000), episodic memory (Nilsson et al., 1997), working memory (Czaja, 1996), spatial ability (Light and Zelinski, 1983; Salthouse, 1982, 1991), and spatial memory (Light and Zelinski, 1983). In particular it has been shown, in several studies, that aspects of spatial ability influence computer use and the ability to navigate in a virtual world (Benyon and Murray, 1993; Bowman et al., 1998; Dahlbäck et al., 1996; Sjölinder et al., 2003, Vicente and Williges, 1988). The spatial visualisation aspect of spatial cognition is correlated with several measurements of computer performance (Kelly and Charness, 1995), and mental rotation ability has, in some situations, been shown to have effects on hypermedia navigation (Dahlbäck et al., 1996). In several studies spatial ability also have shown to be exposed to gender differences (Linn and Petersen, 1985). Gender differences have also been found in studies of virtual environments (Billen, 2001; Czerwinski et al., 2002; Waller et al., 1998). In general, the results show that men perform better in spatial and navigational tasks. Thus, in the study presented here, it might be expected that age and gender differences would show up in tasks related to navigation through the three-dimensional (3D) space. In order to carefully map out different dependencies and increase our understanding of how to better design for navigation, navigation in virtual spaces is compared to the relatively more well-studied case of navigation in the physical world.
1.1 Spatial learning

When people engage in spatial learning there are three types of spatial knowledge that is acquired: knowledge about landmarks or reference points, route knowledge and survey or configural knowledge (Schacter and Nadel, 1991; Siegel and White, 1975; Thorndyke and Stasz, 1980; Tversky 1993). In a new environment in the physical world the individual first learns about landmarks or objects that are easy to recognise, for example a tower or a crossroad. Subsequently, he or she acquires route knowledge, which makes it possible to connect different landmarks in a sequence, creating a path or route through the environment. This means, for example, knowing that after passing the tower one should turn left at the crossroad. In the last stage, we also create and make use of configural knowledge. At this stage we are able to make judgements about where certain objects are located with respect to other objects in the environment. When this knowledge has been acquired the individual can tell the direction to different places, and knows whether the tower is north or south in relationship to the crossroad.

Older adults both learn and elaborate environmental information differently than younger adults (Kausler, 1994; Nilsson et al., 1997). In a study by Kirasic (1991) it was shown that older adults (age: m=70.1) acquired spatial information in a novel environment slower than younger adults. Lipman and Caplan (1992) showed in a study, that older adults (aged 60-75; m=67.4) had greater problems than younger in the acquisition and use of configural knowledge, and the age differences in acquisition of spatial knowledge also suggest that older adults do not acquire the same overview knowledge of the environment as younger adults. These age differences in creating configural knowledge have been found in studies where older adults (aged 59-77; m=67.8) reported both a poorer sense of direction and made more direction judgement errors than younger adults (Aubrey and Dobbs, 1990). Although older adults may have difficulties with the more integrative aspects (placing objects in relation to each other within the environment) involved in the acquisition and use of configural knowledge they may be able to encode and remember scene-based aspects such as landmarks and routes (Lipman and Caplan, 1992). The fact that older adults not create configural knowledge to the same extent as younger adults do, is in line with the age-related lack of self-initiation of processing of several cognitive tasks. This decline in self-initiated processing manifests itself, for example, in terms of that older adults’ cognitive processes consists of less associations and less deep processing of information (Craik, 1983).

Not that many studies have been conducted that show effects of spatial learning on computer use, but the age differences found in studies on navigation in the physical world might indeed also be present in computer use or when trying to find the way around in a virtual environment. One study by Moffat et al. (2001) also showed that this might be the case. In this study the older subjects (aged over 65) spent more time and traversed a longer distance in a maze-learning task that was conducted within a virtual environment.
1.2 Supporting learning and use of configural knowledge

One way of supporting older adults’ learning and use of spatial knowledge in both the physical world and in an electronic environment could be to design navigational aids in such a way that it becomes easier to use route knowledge instead of requiring an understanding of configural knowledge. By providing a 3D-interface with a user centred perspective (being able to move around within the environment), the user will have the opportunity to use route knowledge instead of configural knowledge. Different kinds of virtual environments, where the user can explore the environment from a user centred perspective, have been shown to have positive effects related to different cognitive abilities. Within a 3D-environment the user is able to see objects from all sides and/or can move around within the environment using standard input devices. The visually distinctive cues that can be provided in a 3D-environment allow for processing of memory cues to a greater depth. In study by Sharps and Gollin (1988), this has been shown to be beneficial for older adults (age: m=74.9), since it will facilitate free recall of objects located in space. In immersive virtual reality environments the users are able to move around “within” the environment using stereo glasses and head and hand tracking. Virtual reality environments can be efficient from a spatial awareness point of view. It will provide the user with the possibility to follow the complete path between different objects in the environment and thereby maintain the spatial awareness at a higher level (Bowman et al., 1998). Bowman et al. (1998) showed in one study that even when the user travels fast through the virtual space a better sense of orientation is obtained, than if the user jumps (teleports) between different locations. From an awareness point of view, navigation in all these virtual environments (different applications of immersive VR and 3D-environments) provides the continuity and the possibility to follow the complete route regardless of input devices. Therefore, results related to navigation and awareness is most likely to transfer between these different environments. 

As mentioned, discontinuous spaces reduce the users’ understanding of the space (Bowman et al., 1998). It might be especially important to avoid such spaces when the users are older, since their spatial learning does not always reach the configural knowledge level. This was also shown in a study by Kirasiac and Bernicki (1990) where older adults between 60 and 86 years of age (m=69.2) were found to be more disadvantaged than younger adults in a situation where a route was presented with the landmarks in the wrong order.

One way to support navigation in an electronic environment is to add an overview map to the 3D-environment (Darken and Sibert, 1993). Several studies have been conducted regarding effects related to having an overview map as a navigation aid, but there is no conclusive evidence as to what extent such an overview map supports the user. Previous studies have shown very mixed results, ranging from increased performance to decreased performance. For example, in way-finding tasks, Darken and Sibert (1996) found that the use of an overview map increases navigation in a virtual environment, and Ruddle and colleagues (1999) found that performance on information search increases when an overview map is provided. Further, Han and Kwahk (1995) showed that performance was faster and more accurate when an overview map was provided in a menu navigation task. On the other hand, Satalich (1986; reported in Johns 2003) found that the use of an overview map was detrimental to learning of the environment. Regarding older adults Lipman and Caplan (1992) demonstrated that people aged 60-75 (m=67.4) do not benefit as much from diagrams or model descriptions of space as younger users. In tasks related to transformation of 2D-information to 3D-information, Wilkniss et al., (1997) found that older adults (aged 59-81, m=70.2) were disadvantaged, since they had difficulties going from the 2D-information provided by a map to understanding the 3D-environment. These findings might have an impact on to what extent older adults benefit from an overview map. On the other hand older adults do not, as mentioned above, create configural knowledge of the space to the same extent as younger do, and in situations where there is a need to gain an overview understanding of the environment, a navigation aid in terms of an overview map might help to integrate users’ understanding of the environment. In these situations the overview map might serve as an environmental support that provides configural knowledge in situations were users have difficulties in constructing this knowledge mentally.

It might be hypothesised that the benefits from using overview maps manifest themselves most in terms of facilitating navigation and information search while the tasks are being performed, not in terms of learning the environment for later use. The benefits would be less requirements on actually learning the environment since the map provides this information. This, in turn, would be especially beneficial for older users since they have more difficulties in learning new environments.
1.3 Aims and purpose with the present study

The present study examined older users ability to navigate in a 3D-environment, conducting real life related tasks (purchasing groceries). To our knowledge little has been done within the area of older adults using a virtual environment in a real life task. Studies have been conducted related to navigation in virtual environments (for example Bowman et al., 1998), and much work has been conducted related to older adults and the use of computers and interfaces (as mentioned above). Studies have also been conducted regarding older adults and the use of virtual environments. However much of this work has been related to the use of these environments in cognitive testing of age-related decline (for example Moffat et. al, 2001) and/or assessment of age-related cognitive diseases (e.g., McGee et al., 2000). The aim of the present study was to investigate normal aging in using and navigating a 3D-interface conducting an everyday task where high ecological validity could be achieved. In the present study it was also examined whether an overview map could make navigation easier for older users, providing them with overview knowledge in situations where this was needed. Most of the previous studies regarding the use of an overview map as a navigation aid in virtual environments have been conducted on younger subjects, and therefore the present study investigates whether this kind of navigation aid can be beneficial to older users.
Online grocery shopping was chosen as the domain in the present study. This domain is particularly interesting with respect to older users since it makes it possible to order food from home, and to get food delivered to the doorstep. This could be useful for older adults who sometimes have difficulties in both getting to the store and carrying the groceries home. With respect to motivational aspects, it is important for both younger and older computer users that they can find, for them, relevant services on the Internet. Buying groceries is something that we all have to do, and have experiences from doing. In that sense, buying groceries on the Internet may be a service that many people can be motivated to use. Motivation might be especially important for computer use among older adults, and because of that it might be even more important that the domain and the tasks are perceived to be meaningful and could be applied in situations where they actually contribute to make everyday life easier.

Most of the studies within the area (older adults and the use of virtual environments) are using task that are not real life tasks, such as mazes, manipulating 3D-objects etc, therefore it is also important to conduct studies with real life tasks such as grocery shopping. The tasks chosen for the study also made use of the fact that older adults are familiar with grocery stores, and thus would be able to recognise the organisation of the store – e.g. finding the milk furthest to the back of the store or the candy by the cash registry. This everyday shopping knowledge together with the visual cues in the store, such as shapes and colours that provide hints about in which direction to go to find certain groceries, would complement the overview map. The overview map would also tell users where in the store they are currently located so that they know in which direction to move.

1.4 Hypotheses in the present study

In the present study it was examined how older users managed to navigate a 3D-environment, conducting real life related tasks (purchasing groceries). Further it was investigated to what extent the use of an overview map as a navigation aid was beneficial in this environment, especially with a focus on older users. If the overview map proved to be a useful tool, the question is asked more specifically how this beneficial effect comes about. Measurements of configural knowledge were used to assess age differences in the ability to create configural knowledge of the electronic environment used in the study. This way, it could be explored to what extent the results from the physical world navigation would transfer to the problem of navigating an electronic environment, and whether the use of the overview map affected the acquisition of configural knowledge. Our definition of configural knowledge is in line with that of Siegel and White (1975), i.e. as knowledge about where certain objects are located with respect to other objects in the environment. Further, the impact of prior experience of computers and Internet on performance was examined, both with respect to performance measurements and measurements of configural knowledge. Finally, spatial visualisation ability and mental rotation ability was measured to investigate whether these abilities affected the use of the 3D-environment, both with and without an overview map present. As mentioned, spatial ability declines with age, and it has also been shown to be related to navigation in electronic environments. In the tasks in the present study, subjects were asked to move around within the environment and to find certain items. The tasks contained several spatial components, and it was hypothesised that spatial ability would influence the ability to navigate in this environment. In previous studies the most common spatial test to be related to computer navigation is spatial visualization. In addition, mental rotation, which is another aspect of spatial ability, was expected to have an impact on performance since users had understand the relationship between the overview map and the 3D-environment.

In summary, the following hypotheses were formulated: (1) older participants would need more time to solve the tasks, (2) similar to navigation in the physical world, older participants would be less likely to create configural knowledge, (3) older participants would benefit more (improve time spent and number of interaction steps during task performance) from an overview map as cognitive support than would younger subjects, (4) men would perform better than women in solving the computer related tasks, and (5) spatial ability, especially the mental rotation aspect, would have an impact on performance.

2 Method

Orthogonal combinations of age (one group of younger and one group of older) and gender formed the main experimental conditions. Interface (3D-interface with and without navigation aid) was also included in the design of the experiment, as a variation within subjects. 

2.1 Subjects
In the study, there were 48 subjects, 24 younger subjects, between 20 and 31 years old (m=25.50), and 24 older subjects, between 61 and 77 years old (m=66.88). Half of each group were men and half were women. The younger subjects were reached through bulletin boards both at the nearby university and in other places. The older subjects were recruited from an Internet course for senior citizens. They were active senior citizens with no or small age-related physical limitations. Older adults is of course not a homogenous group, however the subjects in the present study have several issues in common, for example their interest in using computers and Internet. One might also argue that this selection of subjects from an Internet course for senior citizens makes the results less possible to generalize to other groups of older adults, however without selecting older subjects that have some experience with computers and Internet it becomes difficult to compare different age groups. This group of users is also highly motivated since they attend Internet courses etc, therefore the risk of getting effects related to lower motivation are reduced. Further, this particular group of older users might have more issues in common with older adults in the future (computer experience, attitudes to one self regarding knowledge about computers etc.), therefore by using this group results will also be applicable some years a head when the computer and Internet experience among older adults have increased further.

The subjects were asked about education, computer and Internet experience and experience with 3D-environments as such previous experience might have a substantial influence on their ability to make use of a 3D-environment. From these questions, three background knowledge variables were created: computer experience, Internet experience and 3D-experience. The variable computer experience was created from two questionnaire questions: how long they had used computers (six alternatives ranging from “have never used computers” to “more than four years”) and how often they use computers (six alternatives ranging from “never” to “every day”). Similarly, the variable Internet experience was created from two questions: for how long they had used Internet (six alternatives ranging from “have never used Internet” to “more than two years”), and how often they use Internet (six alternatives ranging from “never” to “every day”). The variable 3D-experience consisted of only one scale question where the subjects rated how often they used 3D-environments (six alternatives ranging from “never” to “every day”). The subjects were also tested on two different aspects of spatial cognition: mental rotation and spatial visualisation.
Between the age groups there were significant (p<.05) differences with respect to education, computer and Internet experience and with respect to experience with 3D-applications (table 1). There were also significant age differences with respect to spatial visualisation (age between 61 and 77, m=17.96; age between 20 and 31, m=25.50) and mental rotation (age between 61 and 77, m=7.12; age between 20 and 31, m=13.29).

INSERT TABLE 1 ABOUT HERE

2.2 Apparatus and materials

The 3D-environment was an online grocery shop built with Strata Vision 3D and QTVR (Quick Time Virtual Reality). The objects in the environment were created with Strata Vision 3D and were covered with photos of food shelves as textures. The photos were taken in a physical grocery store, and the spatial layout of the digital environment was also based on an existing physical store. To move forward in the environment the user had to place the pointer in the wanted direction and click. To turn around the user had to press down the mouse button and move the mouse to the side. The shelves in the on-line shop were clickable and connected to a database of products. The database search result consisted of all products and product categories that were represented at that specific shelf. These items were presented in an alphabetical order (figure 1).
INSERT FIGURE 1 ABOUT HERE

The overview map of the shop had an arrow that indicated actual position and headed direction of the user. The overview map was fixed and did not move with the users actions/movements. The overview map was not clickable; the only way to move around in the shop was through the actions in the 3D-representation.

The specific layout of the 3D-shop, its shelves and its products, was inspired by the layout of a physical shop in the sense that that it consisted of the same organisation as an actual existing physical store, and it used the same layout principals as a physical grocery shop (for example, the milk was placed in the same location as in a physical shop). None of the subjects had visited the shop in real life since it did not exist in the physical world. However, it had much in common with the organisation of a physical grocery store since it was designed based on the same principles regarding layout and where to find certain items etc.

The tasks that the subjects were asked to perform in the 3D-environment were to gather groceries in the store, listed in two equivalent shopping lists, each with 6 items. The lists were similar with respect to familiarity of items (how common or how often the included groceries are bought), and with respect to distance between items. The items in the lists were spread through the environment and the subjects were thereby forced to move around in the entire shop to find all items.

All subjects performed two spatial ability tests, spatial visualisation (Paper folding – ‘Plåtmodeller’; Psykologiförlaget, 1992) and mental rotation (Mental rotation; Shepard and Metzler, 1971). Spatial visualisation is the ability to manipulate complex spatial information where several visualisation steps are needed to solve the problem. Mental rotation is the ability to rotate quickly and accurately two- or three-dimensional figures in mind and determine what they look like from a different angle (Linn and Petersen, 1985).

In a questionnaire the subjects were asked to state age, gender, educational level, computer experience, Internet experience, and experience with 3D-applications. Further into the experiment, subjects came back to the questionnaire and were then asked to rate their overview knowledge of the environment and their sense of direction towards objects, both with and without the navigation aid. The subjects ranked their answers between 1 and 5 (1=very bad, 5=very good). Finally the subjects were asked questions about what they thought about their learning of the environment. They were asked if it was difficult to learn to move forward and if it was difficult to learn to turn around in the environment. The subjects ranked their answers between 1 (not at all) and 5 (very hard). At the end of the questionnaire the subjects were asked to write down their own impressions about using the 3D-environment.

2.3 Procedure

The subjects started with a practice phase, in which they were instructed to practice the interaction, learning how to make use of the mouse in moving forward and turning around in the environment. The practice phase lasted for about 10 minutes, but subjects who had difficulties, were allowed to continue for a few more minutes until they had reached a level of interaction where they were able to move forward and to turn around. The aim was not that the subjects should practice for exactly the same amount of time, rather that all subjects would have achieved a similar ability in moving around within the environment after the practice phase. During the practice phase, the subjects were also instructed to click on shelves and get familiar with how the items were presented and how to add items to the shopping chart.

To allow the subjects to get familiar with the interaction and the design of the particular environment the practice was conducted within the test environment. Other environments built with the same software were too different from the environment in the present study, and it was assumed that it was especially important for the older users to get familiar with the actual environment since they might have less experience with different 3D-environments. Younger subjects might have more experience with different 3D-environments and also being able to more easily switch between those. Therefore it was assumed that the older subjects would be more disadvantaged in a practice situation where the practice environment would be different. During the practice phase no overview map was present in the interface.

The experiment consisted of two conditions. In one condition, the subjects purchased items from a shopping list in the 3D-environment with the overview map present, and in the other condition they purchased items from a shopping list in the 3D-environment without the overview map. Half of the subjects started with the overview map as a navigation aid and half of the subjects started with only the 3D-environment. Half of the subjects in each group (age and gender) and in each condition (with/without the overview map present) started with one of the lists and the other half started with the other list.

In each condition, the subjects were instructed to enter the shop, and after that purchase the items presented in the list that they were given. The users were instructed to behave as if they were shopping for real from home using this particular service. They were not told to perform the tasks as fast as possible, nor that they necessarily had to find all the products in the lists. One restriction that was given to the subjects, which might have differed from a non-experimental on-line shopping session, was that they were told that they had to find the items in the same order as they were presented in the list. This was done to ensure that the paths between the items would be the same for all subjects. The subjects were also instructed to fill in the amount wanted of each product found and then add it to the shopping chart. Further, the subjects were instructed that items they had failed to find in the first place should not be added to the shopping chart later on, even if they accidentally came across them. This instruction was given to avoid that search for one item also would include time spent on finding/adding another previous item. When the subjects had clicked on the “add to shopping chart” button for the last item in the list, they had finished the task. The interface and the movements/actions within it were recorded on video. The video films were used to compute time spent, and number of interaction steps (clicks used) to move around.
After each session (with and without overview) the subjects were asked to estimate where in the store they thought that they had found the grocery items. The subjects were instructed to mark the position of the grocery items on a paper portraying the shop through a picture of the shop that only showed the walls. The angle (from a reference point – the entrance of the on-line shop) between the location of the grocery item suggested by the subject and the correct position was measured. Further, the distance between the suggested position of the grocery item and the correct position was also measured. This measurement was inspired by the work of Stanton and colleagues (1996), who let children point in the direction of an object in a 3D-environment and then computed the differences in degrees between the actual object orientation and the children’s indicated direction. At the end of the session the subjects in the present study were presented with the final part of the questionnaire and the two spatial tests.

3 Results

Three categories of dependent measurements were used. First, measurements of efficiency and speed in interacting with the interface were assessed. These measurements captured performance with the interface with and without the overview map present, in general and in relationship to age and gender differences. The second group of measurements was related to the subjects’ gained configural knowledge of the environment (the on-line shop), and answered questions related to age differences in acquisition of configural knowledge, and effect of map use on this knowledge. These measurements were assessed by gathering data about how correctly the subjects could estimate locations of objects. Finally, data regarding the subjects’ subjective experiences of the use of the environment was gathered through a questionnaire. The subjective measurements was gathered as complement to the other measurements, since the users’ subjective experiences are crucial to what extent an interface or a navigation aid will be used. The results are presented with respect to these three categories of measurements. Bonferroni correction
 was used in all analyses to reduce the risk of getting significant results by chance in a situation where many comparisons are made.

3.1 Efficiency and speed

The two measurements that were used were time spent per item found and number of interaction steps (number of clicks) per item found. These measurements capture different aspects of performance - time per item found measures completion time, and number of interaction steps per item measures efficiency of navigation through the information space. The time spent on trying and then failing to find grocery items was also measured. This measure will not be reported since it did not reveal any additional information of importance, beyond that of the measured time per item found.
3.1.1 The 3D-environment and the overview map as navigation aid

One purpose with this study was to investigate whether there were age and gender differences in the use of the 3D-environment, and whether there were age or gender differences between the use of the interface with or without the overview map.

For both measurements, the younger subjects performed better (table 2). The older subjects spent more time when the overview map was present in the interface, however these age-related differences were not significant. The average scores for each group and each measurement are presented in table 2.

INSERT TABLE 2 ABOUT HERE

Two Analyses of Covariance (ANCOVAs) were conducted, one for each dependent measurement. The design in each was 2(age) * 2(gender) * 2(interface) * 2(order of conditions) with the first two factors and the last factor varying between subjects and the interface factor varying within subjects. The two levels of the interface factor were: with navigation aid, and without navigation aid. Earlier studies have found impact of both spatial ability and prior experience on performance on computer related tasks. In the present study these background variables were included in the design of the analyses as covariates. The covariates were computer experience, Internet experience, 3D-application experience, education, spatial visualization and mental rotation. For time per item as dependent measurement there was a significant main effect of age, F(1,34)=18.44, p<.05, where the older subjects spent more time performing the tasks (table 2). None of the other main effects nor the interactions were significant. However, there was also a significant effect with respect to the covariate Internet experience, F=6.20, p<.05. This effect was found between the groups with 2-10 and 11-12 on Internet experience (table 2). For number of interaction steps per item as dependent measurement, there was also a significant main effect of age, F(1,34)=12.15, p<.05, where the older subjects needed more interaction steps to find the items (table 2). None of the other main effects nor the interactions were significant. 

3.1.2 Learning effects

In the previous ANCOVA, order of conditions (with or without navigation aid) was included in the design, and the results showed that no significant main effects or interactions were related to this factor. To further examine learning effects analyses were also conducted that compared performance on the first and the second trial – regardless of which condition the subjects started with. The design in each of these analyses was 2(age) * 2(gender) * 2(trial) with the first two factors varying between subjects and the factor related to trials varying within subjects. Computer experience, Internet experience, experience with 3D-applications, education, spatial visualization and mental rotation were included in the design as covariates. No significant main effects or interactions that were related to differences between the trials were found. With respect to time spent the only significant effect found was the previously reported main effect of age, F(1,38)=18.49, p<.05, and with respect to interaction steps the also previously reported main effect of age, F(1,38)=16.66, p<.05. None of the other main effects nor the interactions were significant in any of these analyses.

3.1.3 Relationships between the measurements

To investigate relationships between the two dependent measurements time per item and interaction steps per item, Pearson correlation (r) was calculated both with respect to all subjects, and regarding each group of subjects (table 3). The significance level used was .01 since several analyses were conducted and there was a risk of getting significant results by chance. In the analyses a significant correlation between the measurements was found with respect to all subjects (r=.63), and between the measurements with respect to the subgroup of younger men (r=.74). Further, the correlations between the measurements were stronger in the condition with the overview map present (table 3).

INSERT TABLE 3 ABOUT HERE

3.2 Acquisition of configural knowledge 

Two measurements of configural knowledge were used to assess to what extent the subjects had learnt the space layout in the 3D-store. As mentioned earlier the subjects were asked to estimate location of different objects within the environment. In the analysis the distance and the angle between the subjects estimation and the actual position were calculated. The measurements were needed in order to see the impact of age on the ability to learn configural knowledge in a 3D-environment, and to be able to compare any such age differences in learning configural knowledge with the already established age differences that hold for navigation in the physical world. Based on these measurements it was also possible to investigate the relationship between the overview map (present or not) and the acquisition of configural knowledge. Impact of experience and the two measured aspects of spatial ability were also investigated with respect to the ability to make use of configural knowledge.
3.2.1 Estimating objects location

The older subjects estimated objects to be further away than the younger subjects. The older subjects also had a larger “error angle” between objects’ actual location and estimated location than the younger subjects. The average scores are presented in table 4.
INSERT TABLE 4 ABOUT HERE

Two ANOVAs were conducted, one for each dependent measurement. The design in each was 2(age) * 2(gender) * 2(interface) with the first two factors varying between subjects and the interface factor varying within subjects. The dependent measurements were (1) distance between the subjects estimated positions of objects and actual position of objects, and (2) angle between estimated heading and correct heading towards objects.

For distance as dependent measurement there was a significant main effect of age, F(1,43)=13.21, p<.05, where the older subjects estimated objects to be further away from their actual positions than the younger subjects (table 4). None of the other main effects nor any interactions were significant. For angle as dependent measurement there were no significant main effects or interactions. However, in this analysis there was a tendency (tendency with Bonferroni correction, significant without the correction) towards a main effect of age F(1,43)=6.04, p<.05, where the older subjects made greater errors in pointing out the direction towards objects (table 4). None of the analyses revealed any significant results related to the presence or absence of the overview map.

3.2.2 Impact of spatial ability and experience on estimating locations

Impact of background variables (computer experience, Internet experience, experience with 3D-environments and educational level) and spatial ability on measurements of acquisition of configural knowledge were investigated with multiple regression analyses. In the first analyses the measurement distance between estimated object and actual object was used. In the condition without the overview map, age (R square = .33) had an impact on performance. On the other hand when the overview map was present, Internet experience (R square = .11) had the strongest impact on performance (table 5).

In the regression analyses with the measurement angle between estimated object and actual object, age (R square = .16) and computer experience (R square = +.07) had an impact on performance in the condition without the overview map. When the overview map was present Internet experience (R square = .10) had the strongest impact on performance (table 5).
INSERT TABLE 5 ABOUT HERE

3.3 Self reported use of the environment 

At the end of the session the subjects gave self-perceived assessments of how well they were able to acquire configural knowledge and learn to use the environment.

3.3.1 Overview knowledge

The subjects were asked questions about their perception of how complete their overview knowledge was, and also about their sense of direction within the environment. The hypotheses were that the older subjects would report a poorer sense of direction and also that they would perceive their overview knowledge to be less complete than the younger subjects did. The results from the questionnaire showed that the older subjects had a poorer subjective sense of direction in terms of where objects were located. With respect to their assessment of how much overview knowledge of the environment they had, there were no age or gender differences. The average scores from these questionnaire items are presented in table 6, grouped by age and gender.

INSERT TABLE 6 ABOUT HERE
Two ANOVAs were conducted, one for the question on sense of direction and one for perceived amount of overview knowledge. The design in each was 2(age) * 2(gender) * 2(interface) with the first two factors varying between subjects and the interface factor varying within subjects.

For sense of direction towards objects as dependent measurement there was a significant main effect of age, F(1,44)=8.40, p<.05, where the older subjects reported less sense of direction towards objects (table 6). None of the other main effects nor any interactions were significant in this analysis, however there was a tendency (tendency with Bonferroni correction, significant without this correction) towards significance with respect to interface, F(1,44)=6.98, p<.05, where the subjects had rated their sense of direction towards objects as better in the condition with the overview map (table 6). For rated overview knowledge as dependent measurement, neither main effects nor any interactions were significant.
3.3.2 Learning to use the environment

Older adults have more difficulties when learning new computer related tasks. In the questionnaire, the subjects rated how difficult it was to learn how to move around in the environment. The older subjects were expected to report a higher degree of difficulty than the younger subjects.
In the present study the older subjects rated it more difficult to learn to move forward in the environment – especially the older women found it to be hard. The older subjects also ranked it harder to turn around in the environment. The older women ranked it harder than other groups, however not to the same extent as in the case with learning to move forward. The average scores are presented in table 7.

INSERT TABLE 7 ABOUT HERE

Two ANOVAs with age and gender as between subject factors were conducted. The dependent measurements were in the first analysis the rated value of how difficult it was to learn to move forward in the environment, and in the second analysis the rated value of how difficult it was to learn to turn around in the environment.
In terms of difficulty in moving forward in the environment, there was a significant main effect of age F(1,44)=16.10, p<.05, where the older subjects rated it more difficult to learn to move in the environment (table 7). In this analysis there was also a significant interaction with respect to age and gender F(1,44)=9.52, p<.05, where the older women ranked it harder to learn to move forward (table 7). None of the other main effects nor any interactions were significant. For the rated value of how difficult it was to learn to turn around as dependent measurement there was a significant main effect of age F(1,44)=22.31, p<.05, where the older subjects rated it more difficult to learn to turn around in the environment (table 7). None of the other main effects nor any interactions were significant.
4 Discussion

In the present study the older subjects spent more time and needed more interaction steps to find the items than the younger subjects, which also was the assumption in the first hypothesis. These results are in line with earlier findings on older adults and the use of computers (Kubeck et al., 1999; Mead et al., 2000, Sjölinder et al., 2003), where older adults need more time to solve computer related tasks and also reach lower final levels of performance.

Other studies have reported both increased performance (Darken and Sibert, 1996) and decreased performance (Johns 2003) regarding the use of overview maps, and Lipman and Caplan (1992) claim that older adults do not benefit from using a model or a representation. In the present study there were no age differences related to the presence or absence of the overview map - the overview map did not reduce the age difference in performance, but neither did it make the situation worse for the older user group. These results were not in line with the third hypothesis in the present study, since it was expected that the older subjects would improve their performance in the condition where the overview map was present

It might be hypothesised that it is more cognitively demanding for the older users when the overview map is present. Performing several tasks at the same time (moving around and interpreting the overview map simultaneously) places high demands on the user and may make the age-related differences larger (Kramer and Larish, 1996). On the other hand, the results from the qualitative measurements showed that the subjects rated their sense of direction towards objects better in the map condition. Several of the older subjects in the present study also mentioned that they felt more comfortable with the overview map present and that it reduced the feeling of being lost. It might have been the case that the map contributed with cognitive support with respect to orientation, and that these two aspects (on the one hand more cognitively demanding regarding the mapping between representations, and on the other hand less cognitively demanding regarding orientation) balanced themselves out.

One further aspect in the present study that might have contributed to the lack of positive effects from the overview map was the fact that the map was fixed and did not turn with the user’s direction. Especially older adults have been found to have more difficulties in interpreting maps if they are not aligned with their surroundings – if the map is turned in another direction than the person’s direction (Aubrey et al., 1994). This is also in line with findings showing that older adults perform less well than younger adults in mental rotation tasks (Berg et al., 1982). In the present study there was, in fact, also a significant age difference with respect to the mental rotation task, where the older subjects performed less well (table 1).

4.1 Explanations to the age differences in performance

With respect to impact of background variables on time spent and number of interaction steps used to navigate, it turned out that age and Internet experience were related to performance with respect to time spent. The impact of experience on computer related tasks is also in line with earlier studies showing that the effect of age on computer performance is reduced when the amount of experience is controlled (Kelly and Charness, 1995). Regarding number of interaction steps used, only age was related to performance in the present study. The relatively larger impact of Internet experience on time spent might indicate that navigation is not that affected by experience, it is rather the time it takes to decide where to go and what do next that is affected by inexperience.

In the present study the cognitive focus was on impact from different spatial ability measurements, which in the present study (and not in line with hypothesis 5) turned out to have less impact on performance than age and previous experience. One explanation for the lack of impact from the spatial measurements in the present study might of course be the discrepancy between the tasks (and their demands) and the spatial tests. The tests used were paper folding and mental rotation of objects, where the only aspect that is similar (regarding cognitive test and tasks in the virtual environment) is the mental rotation dimension included both in the cognitive test and in the mapping between the virtual environment and the overview map. This connection might have been too weak.

Computer related tasks also place high demands on many cognitive resources and several explanations to the age-related differences have been reported by others. For example the age-related decline in processing speed might affect older adults’ performance on computer related tasks (Czaja, 1996). Further, many computerized tasks place a high demand on working memory (Hockey et al., 1989), which is an important mediating variable of age differences in many cognitive tasks (Kirasic et al., 1996). Further, with respect to cognitive explanations, older adults do not, to the same extent as younger, conduct self-initiated processing (Craik, 1983) which may explain some of the age-related differences in solving computer tasks.

Another aspect that might explain some of the age-related differences is the decline in psychomotor skills and in motor speed, which makes it hard for older adults to use input devices such as a keyboard or mouse (Czaja et al., 1998; Smith et al., 1999; Walker et al., 1996). Dragging (or as in the case with the 3D-shop – turning around) with the mouse require the user to hold down the mouse button while moving the mouse around. Complex motor activities like this can be difficult for older adults (Kelly and Charness, 1995). The older subjects in the present study also reported that they thought it was more difficult both to learn to move forward and to learn to turn around in the environment, which might indicate that the older subjects had more difficulties in using the input devices, however no age-related (or other) effects were found regarding performance between the first and second trial in the experiment. The younger subjects in the present study also had more experience in using 3D-environments, which they might have gained by playing computer games etc. However, in the analyses in the present study, the experience in using 3D-environments did not have an impact on performance.

Finally, motivation to use different Internet applications might differ between different groups of users, and in some situations motivational factors might affect older adults’ usage negatively. However, one aim with choosing grocery shopping as the domain for this study was to use a domain that was potentially relevant and applicable for everyone.

4.2 Relationships between the different measurements

Time spent and number of interaction steps used were used as measurements of efficiency and speed. Of these measurements time spent revealed the largest age differences (2.76 times slower for the older subjects). With respect to number of interaction steps used, the age differences were somewhat smaller, with 1.66 times higher number of interaction steps needed to find the items for the older subjects.

Based on all subjects, the significant correlations between the performance measurements indicate that the measurements to some extent are measuring the same phenomenon. When splitting the subjects by age, gender and condition (with vs. without overview map) – the strongest correlations were found in the group of younger men and for all subgroups regarding the condition with overview map present. This might be explained in terms of when the overview map is present, the navigation (how to move around) will also be based on external input instead of being based on a mental image of the environment.

The interpretation of different performance measurements should be placed in relationship to the activity that the users are conducting. Short time and few interaction steps could in some situations be desirable goals; however, in many real life situations, spending much time or performing a high number of interaction steps might indicate an interest in exploring the environment rather than needing much time to solve the tasks or being lost.

Time spent and number of interaction steps are relevant measurement, since they might tell us something about the efficiency in performing certain tasks. However, these performance measurements are worth little without additional qualitative results. For example, it does not matter if it takes a short time to solve a computer related task if the users dislike the system and not use it. One goal with the interface in the present study was to design an interface for an on-line grocery shop that could mediate some of the experiences in a physical shop, therefore it was also important to investigate how the users experienced the learning and usage of the interface.

4.3 Use of configural knowledge and spatial ability

There were no differences related to the presence or absence of the overview map regarding the acquisition of configural knowledge measured by the accuracy in knowing where objects had been placed within the environment. The overview map did not contribute to the learning of the environment and its layout, but the subjects did perform slightly better on the configural measurements in the condition with the overview map present. Whether an overview map contributes to the learning of the environment or not must be investigated further.

The expected age differences were found in the present study, in that the older subjects made larger errors in pointing out where objects in the environment were located. They also reported that they had less sense of direction towards the objects. These results are in line with the second hypothesis and with results regarding navigation and use of configural knowledge in physical environments, where older adults have been found not to create configural knowledge to the same extent as younger adults (Lipman and Caplan, 1992). The results in the present study are also in line with the results presented by Aubrey and Dobbs (1990) where the older subjects rated their sense of direction as poorer than the younger subjects and also made more direction judgement errors.

With respect to impact of background variables and spatial ability on the measurements of configural knowledge, age and computer experience had an impact in the conditions without the overview map present. On the other hand, with the map present, only Internet experience had an impact on performance. This might indicate that when the overview map was present, the age differences in creating configural knowledge were less pronounced, and prior experience mattered more instead. Prior experience was also more important than the measured aspects of spatial ability. One explanation for this is that the prior experience affects the possibilities to learn the structure of the environment in a way where users with little experience have to focus their attention on the actual usage of the system instead of mentally creating an overview of the spatial relations within the environment.

Several studies have found gender differences with respect to spatial ability measurements (Linn and Petersen, 1985), and since spatial ability has been shown to have an impact on computer related tasks these might also be affected by gender differences. Other studies have also found gender differences in the use of virtual environments (Billen, 2001; Czerwinski et al., 2002; Waller et al., 1998). In the present study gender differences were only present with respect to the older subjects, where the older women reported that they had more difficulties in learning to move around in the environment. However, no gender differences were found in the performance measurements as expected in the last hypothesis from the present study.

4.4 Learning of the environment

No quantitative effects related to learning of the environment or order of conditions were found. However, regarding learning to use the environment the older subjects reported that they both found it more difficult to learn both to move forward and to turn around within the environment. Especially the older women reported it to be difficult to learn to move forward in the environment. There are probably several explanations to these age differences in subjective experiences in learning to use the environment. Some of them might be experience with 3D-applications, age-related differences in psycho-motor skills and age-related differences in cognitive skills.

5 Summary and Implications for design

Coming back to the hypotheses described in the introduction section, the results showed that the following hypotheses hold for this particular study: (1) the older participants needed more time to solve the tasks, (2) similar to navigation in the physical‚ world, the older participants were less likely to create configural knowledge. An overall hypothesis for the work presented here was that differences in learning and performing navigational tasks in the physical world are similar to learning and performing navigational tasks in the virtual world. There were several indications of this in the present study: the older subjects performed less well on the measurements of configural knowledge and they also reported less sense of direction towards objects. The third hypothesis (3), that older participants would benefit more from an overview map as cognitive support than would younger subjects, only holds in the subjective sense: the older users did feel more secure when the map was there. The map seems to have supported both groups in creating a feeling of where objects were located within the environment, but it did not make them more efficient. The fourth hypothesis (4), where men were expected to perform better than women in solving the computer related tasks, and the fifth hypotheses (5) regarding spatial ability and its impact on performance did not hold for this study.

5.1 Overview map or not?
These results have obvious design implications for future design of information spaces in general, not only 3D-based interaction. Whenever the target group includes older users, requirements on the ability to construct configural knowledge or the ability to integrate one’s own configural models with those presented by the system, should be used with care. 

As could be seen in this study, a model like the overview map is of help to both younger and older users in terms of supporting a better and more correct understanding of the layout of the information space: the subjects in the present study rated their sense of direction as better with the overview map present. However, the use of the overview map also places higher demands on visualisation ability and thus requires more cognitive processing. It therefore slowed down the users. If it is of importance that users learn the layout of the space, then the trade-off between knowledge of configural aspects versus efficiency in terms of time, might well balance in favour of actually putting a map in the interface. If, on the other hand, the layout is not important (for example if users are not supposed to return to the space and be able to find their way back) then the map should not be included. The designer also needs to balance the goal of making users feel less lost and more secure (as they did with the map) against the goal of efficiency. As this study indicates that navigation in the virtual space is similar to navigation in physical space, the design should also be able to pick up some of the lessons learnt from navigation and use of maps in the physical world. The map might, for example, be aligned with the position of the viewer (Aubrey et al., 1994). On the other hand, this needs to be carefully crafted so that this alignment does not increase the demands on internalising the model conveyed by the map. Further, the overview map should be made optional in the interface so that users who dislike or have difficulties in using map-like representations can ignore those aspects entirely.

5.2 Organisation as in physical store?
There was not really any strong evidence that following the organisation of a physical store in the organisation of the 3D-store was of help to older users, as could have been hypothesised from how older adults feel more comfortable in navigating known spaces. For example, older adults learn to navigate a novel environment slower (Kirasic, 1991), and they also claim difficulties with navigation in unfamiliar environments (Kirasc and Allen, 1985). The on-line shop in the present study was unfamiliar to the subjects in that sense that they had never used the virtual environment before; neither did this particular shop have an equivalent in a physical store. However, the older subjects in the present study claimed that it was possible to recognise the store based on experiences from how grocery stores are organised in the physical world. On the other hand, the overwhelming impression was that this required quite different abilities because of the 3D-navigation and general interaction model for moving about. Still, since they seemed to appreciate and see the similarity to a physical store, this design contributed to the subjective, experiential aspects of the design goals. That is, subjects found the shop and the interface design entertaining to use, and they felt that it mediated some of the experiences gained in physical grocery stores.

There are several functionalities that a 3D-store could offer that were not implemented in our test environment; search; teleporting to parts of the store; or functions for saving and using previous shopping lists. While several of these could be used to improve on search time or navigation, they should be used carefully. For example, teleporting through clicking in the overview map, or moving in the space based on search might increase the sense of being lost for those older users who do not construct configural knowledge easily.

5.3 The importance of experience?

Age differences in Internet and computer experience have been found, both in this study and in other studies (Mead et al., 2000; Sjölinder et al., 2003). Some might argue that this is a problem that will disappear with the next generation, who will have been exposed to computers and the Internet to a larger extent than those who participated in this study. There are two reasons why this argument does not hold. First of all, in ten years time older users might well be able to use several Internet applications really well. However, new technology will continue to be developed, and there will always be new technology that the older generation not have been given the opportunity to learn as a part of their working life since it has been introduced after their retirement. Exposure to technology in work life is important as this often provides a different kind of inclination to actually learn new technology. If the knowledge is not needed for work reasons, the motivation to learn new technology is sometimes low (Östlund, 1999). The second reason why this argument is not relevant is because that the differences between younger and older remain even if Internet and computer experience is controlled for in the experiments (Czaja and Sharit, 1997). However, in some situations prior experience have an impact on performance, along with other factors such as age and abilities. The present study showed that previous experience did matter with respect to time spent, but not with respect to number of interaction steps used. This might indicate that previous experience plays a major role when there is a need to conduct a task fast, but is less important for finding the shortest route. This shows how important it is to have proper knowledge of the target user group, what this group considers to be important in the use of the interface, and the target group’s previous experiences, when designing for older users. For designers, it is also important to address motivational factors to make older users more willing to learn new interaction metaphors or make use of new interaction devices. Motivational factors can also be addressed by information to older users about technology and services that are meaningful and relevant, and that can contribute to make life easier and/or increase quality of life.

5.4 Experiential differences matter!

As has already been discussed, it is crucial to address issues of feeling lost, feeling safe, motivational factors, and the joy of using the application. An on-line food store might very well be a useful tool for older users who need help in ordering groceries and simultaneously be a pleasure to use. In situations where older adults are not able to visit a physical store, a more visually oriented electronic environment can add value to the experience. Pictures or a 3D-environment could, in the case of on-line shopping, add something of a real life shopping experience, and much of the benefit of using a 3D-environment lies within values of experiences. Performance measurements must also be viewed with respect to such values, and in some cases users do not care whether it takes longer to find each individual item on the shopping list since other values, such as having a good time or being able to “walk around” in the shop, might be more important. In those cases the users might however care about being lost or not even finding certain items. To make them overcome the various obstacles of learning how to use the system, the system must address other needs than just efficiency of use. Similar to how shopping in a physical store can be a positive, social and visually attractive experience, shopping in a virtual environment also must also include these aspects.
5.5 Is there a need to distinguish between younger and older users?

It is important to observe that individuals, both younger and older, differ in many ways. In general the variance increases as a function of age. This holds for cognitive functioning (Birren and Schroots, 2001; Schaie and Hoofer, 2001), as well as for experience with technology (Kelly and Charness, 1995). Even if the decline in cognition and motor skills have different off-sets for different individuals, it does at some point in time affect the ability to use technology, and thus should not be ignored. However, it is also important to realise that it might not be possible, or even desirable, to eliminate the age differences in terms of time spent and number of interaction steps used. If useful tools or functionalities are added to the interface, both groups will benefit. Those who have high spatial or visualisation ability might free more of their cognitive resources if the environment is easily understood, well-organised, and presents configural aspects in a form that is easily picked up, and thereby perform even better. What is important to designers is to gain better knowledge of the differences between younger and older users, and between users with high or low spatial and visualisation abilities so that some groups’ needs are not excluded from the design goals.
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Figure legend

Figure 1 The 3D-shop used in the study
Tables

Table 1 Background variables and age differences. Significant differences marked as bold

	
	Age 20-31
	Age 61-77
	

	
	Mean
	SD
	Mean
	SD
	p

	Age
	25.50
	2.83
	66.88
	3.73
	<.0001

	Age and gender
	Men (12): 


	25.33
	2.60
	68.17
	2.95
	Age < .0001

Gender = .24

Age*gender=.13

	
	Women (12):
	25.67
	3.14
	65.58
	4.10
	

	Education (1-5)*
	4.54
	.59
	3.94
	1.16
	.0270

	Computer experience
	11.50
	.66
	10.83
	1.13
	.0161

	Internet experience
	11.08
	1.18
	9.00
	3.08
	.0033

	3D-application experience
	3.00
	1.38
	1.67
	1.01
	.0004

	Mental rotation
	13.29
	4.35
	7.12
	4.12
	<.0001

	Spatial visualisation
	25.50
	5.06
	17.96
	5.53
	<.0001


*Education: 1 = 6 years in school, 2 = 9 years in school, 3 = gymnasium, 4 = university courses for less than three years, 5 = university courses rendering a BSc or a MSc. Further .5 points has been added for each theoretical education outside the normal school system.

Table 2 Performance measurements (standard deviations within parentheses)

	
	Age 20-31
	Age 61-77

	
	Men
	Women
	Men
	Women

	Time per item found (minutes)
	Without navigation aid
	1.32 (.39)
	1.73 (1.41)
	3.46 (1.32)
	4.36 (2.00)

	
	With navigation aid
	1.43 (.96)
	1.61 (.60)
	3.88 (2.18)
	5.08 (2.11)

	Interaction steps per item found
	Without navigation aid
	19.12 (5.96)
	15.64 (6.65)
	29.44 (12.71)
	26.24 (9.01)

	
	With navigation aid
	16.76 (11.17)
	18.15 (9.46)
	35.12 (18.88)
	25.06 (11.32)


Table 3 Correlations between the dependent measurements time per item and interaction steps per item

Significant at p<.01
	
	Pearson correlation (r)

Experimental manipulation collapsed
	Pearson correlation (r)

Without overview
	Pearson correlation (r)

With overview

	All subjects
	.63 (Sign)
	.57 (Sign)
	.74 (Sign)

	Men age 20-31
	.74 (Sign)
	.44
	.85 (Sign)

	Women age 20-31
	-.16
	.33
	.65

	Men age 61-77
	.56
	.35
	.83 (Sign)

	Women age 61-77
	.63
	.64
	.86 (Sign)


Table 4 Measurements of configural knowledge (standard deviations within parentheses, values indicating distance or angle from correct position – low values reveal good configural knowledge according to these measurements
	
	Age 20-31
	Age 61-77

	
	Men
	Women
	Men
	Women

	Distance

(centimetres)
	Without navigation aid
	2.78 (2.01)
	2.22 (1.37)
	5.28 (2.74)
	4.82 (2.19)

	
	With navigation aid
	2.45 (1.95)
	3.00 (3.34)
	3.66 (2.09)
	4.49 (2.49)

	Angle (degrees)
	Without navigation aid
	9.33 (8.00)
	7.00 (5.97)
	16.00 (11.54)
	14.75 (12.43)

	
	With navigation aid
	7.75 (8.19)
	7.83 (10.56)
	9.73 (9.07)
	12.83 (8.91)


Table 5 Regression analyses (stepwise, criteria: probability of F to enter ( .05, probability of F to remove ( .10) with age, spatial visualisation, mental rotation, computer experience, Internet experience, experience with 3D-applications and education (excluded variables not reported)
	Dependent variable: Distance

	Interface
	Variable
	R square 
	B
	SE B
	Beta
	T
	p

	Without overview
	Age
	.33
	.06
	.01
	.57
	4.73
	.00

	
	Constant
	
	.76
	.70
	
	1.08
	.28

	With overview
	Internet experience
	.11
	-.33
	.14
	-.33
	-2.32
	.02

	
	Constant 
	
	6.69
	1.47
	
	4.56
	.00

	Dependent variable: Angle

	Interface
	Variable
	R square 
	B
	SE B
	Beta
	T
	p

	Without overview
	Age
	.16
	.24
	.07
	.49
	3.54
	.00

	
	Computer experience
	.23 (+.07)
	2.96
	1.45
	.28
	2.04
	.05

	
	Constant
	
	-32.10
	17.50
	
	-1.84
	.07

	With overview
	Internet experience
	.10
	-1.15
	.51
	-.32
	-2.27
	.03

	
	Constant 
	
	21.08
	5.24
	
	4.02
	.00


Table 6 Questions about the overview of the environment (standard deviations within parentheses)
	
	Age 20-31
	Age 61-77

	
	Men
	Women
	Men
	Women

	Sense of direction
	Without navigation aid
	2.92 (1.08)
	2.83 (.84)
	2.17 (1.03)
	2.08 (1.00)

	
	With navigation aid
	3.25 (1.14)
	3.25 (.75)
	3.17 (.94)
	2.00 (1.21)

	Overview 
	Without navigation aid
	2.42 (1.31)
	2.25 (1.22)
	2.17 (1.19)
	1.92 (1.08)

	
	With navigation aid
	2.42 (1.16)
	2.58 (1.08)
	2.25 (1.06)
	2.25 (.87)


Table 7 Age and gender differences in learning the environment (standard deviations within parentheses)
	
	Age 20-31
	Age 61-77

	
	Men
	Women
	Men
	Women

	Learning to move forward
	1.58 

(1.00)
	1.50 

(.52)
	1.83 

(1.03)
	3.42 

(1.08)

	Learning to turn around
	1.58 

(.79)
	1.42 

(.52)
	2.50 

(1.24)
	3.33 

1.37)
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� Bonferroni correction uses a more conservative level of significance for each comparison.
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