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Abstract. This paper proposes a new approach for exploring contextual 
information in social network services (SNS) such as Facebook. With the 
explosion of SNSs on the internet, it is becoming increasingly necessary for 
users to search for appropriate information in the contextual space of SNSs. 
However, conventional methods to accomplish this task, which are based on 2D 
browsing mechanisms, are inefficient for those attempting to find the right 
information in the contexts of SNSs in a timely manner. To help users 
overcome this inefficiency, this paper proposes TARDIS (Time and Relative 
Dimension in Space), where a 3D hand gesture interface is available to enhance 
users’ perceived satisfaction. 
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1 Introduction 

In this age of mobile access to the internet, the amount of data that contain both 
temporal and spatial properties has increased. Many services, such as locally-based 
services, life-tracking services, and social network services (SNSs) are good 
examples. The latter are especially popular and it is likely that the SNS phenomenon 
will continue to expand. Therefore, it is useful to discuss how to display such 
information on the screen and how to interact with it. 

Traditionally, most services display spatiotemporal data separately. Temporal data 
are displayed as a virtual line on the screen (Fig. 1a). In most cases, the upper portion of 
the screen represents current time and the lower portion represents past time, because 
humans typically think about time in terms of space. Spatial data are displayed directly 
on a geographical map (Fig. 1b) and location-based events are represented by markers 
on the map. This method is widely used and intuitive. However, it can be a problem 
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third dimension added to a 2D spatial plane [3]. In addition to the 3D framework, the 
space-time cube consists of an XY-plane geographical map and a Z-axis time line. 
While traditional geographic information systems (GIS) cannot analyze temporal data 
due to their limited capability to deal with that dimension, the space-time cube 
provides a visual relationship between time and space [4]. This benefit makes the 
space-time cube a useful tool that has been used in many studies to analyze human 
activity [5, 6, 7]. 

A specific point in the space-time cube represents a specific event in a database. 
Data in SNSs that have spatiotemporal properties represent individual human 
activities. Therefore, SNS databases that represent human activities can be located 
easily in the space-time cube. In contrast to the traditional space-time cube, in SNSs, 
the cube must be focused on the visual aspect rather than on the analysis. People who 
use SNSs should be able to recognize and interact easily with these data. 

However, there are some studies that have pointed out the difficulty of using the 
space-time cube. Gatalsky and his colleagues conducted a study with the space-time 
cube. Problems arose from the difficulty of detecting the specific data that they 
wanted, which required much time and concentration [7]. Compared to 2D plane 
representations, the space-time cube can provide a faster response time in selecting 
specific data in a complex information space. However, it caused higher error rates 
than baseline 2D representations [8]. People’s general inability to precisely perceive 
3D metric properties limits its general usefulness. In some cases, fairly 
unsophisticated 2D visualization can better support people’s needs [9]. 

However, the space-time cube can be effective in visualizing spatiotemporal 
properties simultaneously. Ironically, its strength and weakness both arise from the 
3D cube. For example, data in a 3D cube are occluded by each other [10]. To find the 
appropriate composition, people have to be able to control the 3D cube [11]. This 
means that the space-time cube requires people to make an extra effort. We can 
summarize the cube’s weakness according to previous research: first, people’s general 
inability to perceive 3D data; second, occluded information; and third, the extra effort 
required to determine the best view. Therefore, it is necessary to consider the usability 
of the space-time cube. Questions about usability such as: "How much information 
can people recognize?" and "What interface should be provided?" should be 
considered in efforts to optimize its convenience and effectiveness [7, 11]. 

In summary, time can be displayed with space because they share similar cognitive 
structures. The space-time cube is useful for visualizing spatiotemporal properties. 
For easier recognition and interaction, simplification and modification are required for 
its visualization on the screen.  

2.2 Interface 

It is obvious that current interfaces, such as the mouse and touch screen, are suitable 
for use in a 2D information space that follows a 2D desktop paradigm. In most cases, 
they provide an intuitive way to control an information space because such spaces are 
already optimized for 2D interfaces. However, when these information spaces collide 
with each other, their interfaces also interfere with each other. At this time, we do not 
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have an effective technology with which to simultaneously interact with time and 
space. Because we have chosen a 3D concept for information space, it is logical that 
we need to find an alternative interface, rather than following the traditional 2D-based 
interface. It is worth mentioning the properties that must be considered for interfaces 
that control 3D information space. 

For decades, direct manipulation has been a fundamental concept in interface 
design. We believe this is a powerful concept that we would like to use to develop a 
new form of data interaction. Many useful interfaces, such as the scrollbar, were 
developed by following this concept. The success of direct manipulation comes from 
the close relationship between the object that people want to control and the interface 
used to achieve that control. Thus, objects that are displayed on the screen react to 
operations through people’s physical actions rather than through complex commands. 
People can see comprehensible and highly related results of their actions immediately. 
This visibility helps people learn easily. It is also clear that the close relationship 
reduces people’s cognitive effort [12]. 

The instrumental interaction concept derives from direct manipulation and focuses 
on experiences in the physical world. It is based on how we naturally use tools to 
manipulate objects. In this concept, these experiences are applied similarly to 
information space. It also suggests three properties as criteria: indirection, integration, 
and compatibility. The degree of indirection means the distance between a person's 
action and an object’s reaction. The degree of integration means how interface is 
provided naturally. If we use a separated 2-way scrollbar to move a document, it can 
be scored lower than a touch-screen panning interface. This can be applied to 3D 
information space and a 3D hand gesture interface. The degree of capability means 
the similarity between a person's physical action and an object’s reaction. For 
example, if people want to move something to the right, it is better to require a 
physical trajectory with the same direction [13, 14]. 

Both methods emphasize the reflection of the user’s actions. From these 
viewpoints, current 2D-based interfaces are not intuitive in controlling a 3D 
information space. Particularly when people are interacting with spatiotemporal data 
that have two major properties on a conflicting axis, those axes interfere with each 
other. This causes cognitive interference and confusion. We propose that a 3D hand 
gesture interface can provide a more natural and intuitive interaction than a 2D-based 
interface. Therefore, we chose this interface and demonstrated that it can be suitable 
for manipulation of data in 3D information space. 

To our knowledge, even though there have been many studies to empirically 
determine intuitive gestures [15, 16], there is no golden rule for intuitive 3D hand 
gesture interfaces. This might be obvious, because in developing a gesture interface, 
the objective should not be “to make a generic gesture interface”. A gesture interface 
is not universally the best interface for every application. The objective must be “to 
develop a more efficient interface” for a given application [17]. This means that 
custom 3D hand gestures are required to control information space within a specific 
application. 
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space-time cube structure to manage a complex information space on a 2D screen. 
Future research may be required to verify its efficiency because, currently, TARDIS 
is simply a conceptual methodology. Development of the actual software and 
experimental verification of its effectiveness are needed. 

References 

1. Boroditsky, L.: Metaphoric structuring: Understanding time through spatial metaphors. 
Cognition 75, 1–28 (2000) 

2. Casasanto, D., Boroditsky, L.: Time in the mind: Using space to think about time. 
Cognition 106, 579–593 (2008) 

3. Yu, H., Shaw, S.-L.: Revisiting Hägerstrand’s time-geographic framework for individual 
activities in the age of instant access. Societies and Cities in the Age of Instant Access 88, 
103–118 (2007) 

4. Shaw, S.-L., Yu, H.: Journal of Transport Geography 17, 141–149 (2009) 
5. Kwan, M.-P., Lee, J.: Geovisualization of human activity patterns using 3D GIS: a time-

geographic approach. Spatially Integrated Social Science 27 (2004) 
6. Kwan, M.-P.: Interactive geovisualization of activity-travel patterns using three-

dimensional geographical information systems: a methodological exploration with a large 
data set. Transportation Research Part C: Emerging Technologies 8, 185–203 (2000) 

7. Gatalsky, P., Andrienko, N., Andrienko, G.: Interactive analysis of event data using space-
time cube, pp. 145–152 (2004) 

8. Kristensson, P.O., Dahlback, N., Anundi, D., Bjornstad, M., Gillberg, H., Haraldsson, J., 
Martensson, I., Nordvall, M., Stahl, J.: An evaluation of space time cube representation of 
spatiotemporal patterns. IEEE Transactions on Visualization and Computer Graphics 15, 
696–702 (2009) 

9. Kjellin, A., Pettersson, L.W., Seipel, S., Lind, M.: Evaluating 2D and 3D visualizations of 
spatiotemporal information. ACM Trans. Appl. Percept. 7, 1–23 (2010) 

10. Tominski, C., Schulze-Wollgast, P., Schumann, H.: 3d information visualization for time 
dependent data on maps, pp. 175–181 (2005) 

11. Kraak, M.-J., Koussoulakou, A.: A visualization environment for the space-time-cube. In: 
Developments in Spatial Data Handling, pp. 189–200 (2005)  

12. Shneiderman, B.: Direct Manipulation: A Step Beyond Programming Languages. 
Computer 16, 57–69 (1983) 

13. Beaudouin-Lafon, M.: Instrumental interaction: an interaction model for designing post-
WIMP user interfaces. Presented at the CHI 2000: Proceedings of the SIGCHI Conference 
on Human Factors in Computing Systems, New York, USA (April 2000) 

14. Beaudouin-Lafon, M.: Designing interaction, not interfaces. In: Conference on Advanced 
Visual Interfaces (2004) 

15. Bordegoni, M., Hemmje, M.: A Dynamic Gesture Language and Graphical Feedback for 
Interaction in a 3D User Interface. Computer Graphics Forum 12, 1–11 (1993) 

16. Epps, J., Lichman, S., Wu, M.: A study of hand shape use in tabletop gesture interaction. 
Presented at the CHI 2006 Extended Abstracts, New York, USA (April 21, 2006) 

17. Nielsen, M., Störring, M., Moeslund, T.B., Granum, E.: A procedure for developing 
intuitive and ergonomic gesture interfaces for HCI. In: Camurri, A., Volpe, G. (eds.) GW 
2003. LNCS (LNAI), vol. 2915, pp. 409–420. Springer, Heidelberg (2004) 


	A New Approach to Exploring Spatiotemporal Space in the Context of Social Network Services*
	1 Introduction
	2 Literature Review
	2.1 Information Space
	2.2 Interface

	3 Research Proposal
	4 Concluding Remarks
	References




