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Abstract 

The Collaborative Map Explorer defines a new learning artifact that allows students to explore 

different layers of information related to a geographical location on a map using distributed user 

interfaces in the same space, at the same time. Students are able to manipulate geographical 

information using viewports that can be moved over a map that is projected on a shared surface 

(i.e. multi-touch surface). Each viewport exposes different layers of information for a particular 

region on the map. These information layers are selected by the student using a mobile device. 

Consequently, the use of a distributed user interface provides students with the ability to address 

local and shared information at the same time, in the same space in a Computer Supported 

Collaborative Learning Environment (CSCL). The article also includes a preliminary usability 

evaluation of this interaction technique that exposes the potential of this solution. 

Keywords: HCI, Distributed User Interfaces, Coupled Displays, Multi-touch Surfaces, Computer 

Supported Collaborative Learning Environment 
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Collaborative Map Exploration Using Multi-touch Surfaces 

Multi-touch surfaces provide new ways of interaction where users are able to 

communicate with the environment using gestures. These surfaces recognize more than one 

gesture at a time, allowing users to interact with each other in the same space, at the same time, 

leading to a face-to-face collaboration (Johansen, 1988).   

During a face-to-face collaboration, users deal with shared and local information. As 

multi-touch displays are intrinsically shared (Chang, Wang, & You, 2010), a good solution is the 

use of different displays to manipulate local and shared information at the same time. This fact 

leads to the use of a distributed user interface (DUI) where multi-touch displays manipulate 

shared information, and mobile devices manipulate information. 

According to the taxonomy described in (Terrenghi, Quigley, & Dix, 2009), the 

combination of personal and shared displays defines a display ecosystem composed by Inch and 

Perch scale size displays that are immersed into a few-few social interaction relationship. 

This article proposes a new system called Collaborative Map Explorer (Villanueva, 

Tesoriero, Sebastián & Gallud, 2011) designed to allow users to interact and collaborate with 

digital maps. The Collaborative Map Explorer exploits this synergy between shared and local 

information using a DUI to teach geography in a learning environment. 

Maps have been used to show geographical information for centuries. Geographical 

Information Systems (GIS) provide users with different layers of information related to the same 

geographical locations. Maps have also been used as learning artifacts for centuries; they provide 

students with a good abstraction of the real world to locate information, as well as, to explore 

geographical zones. 
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The goal of the Collaborative Map Explorer is the exploration of maps through a multi-

touch surface and a set of mobile devices in a Computer Supported Collaborative Learning 

(CSCL) scenario. 

This paper starts with a brief review of the related work. Then, it describes the 

functionality of the system, as well as the system architecture. Afterwards, it presents the results 

of a preliminary usability evaluation performed on the system. Finally, it exposes conclusions 

and future works. 

Related Work 

In this section, we present the most relevant work related to the exploration of maps using 

mobile devices.  

One of the most promising technologies enabling this kind of applications is the RFID 

technology. One example of the application of this technology is explained in (Reilly, Rodgers, 

Argue, Nunes, & Inkpen, 2006) where the RFID technology was employed to provide metro 

users with information about transportation and city touristic points. This approach employed 

RFID tags to identify “hot-spots” in the map. Thus, when users approach a PDA equipped with a 

RFID reader to a tag, they identify a location in the map to display information related to the 

location on the PDA screen. 

Although this approach has some advantages, such as the reliability, and the low cost of 

the map deployment (RFID tags are really cheap), readers are not wide spread among mobile 

devices, and they are expensive. The information to be collected from the map is restricted to a 

set of specific “hot spots”. Consequently, the information to be retrieved from the map is not 

“continuous” because most of the interaction surface is not “backed” by tags.  
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Information exchange among users is one of the most relevant characteristics of the 

collaborative systems. The Interactive Learning Panels (Tesoriero, Fardoun, Gallud, Lozano & 

Penichet, 2009) combines the use of the RFID technology with didactic maps to improve the 

learning experience and collaboration between teachers and students. The system employs RFID 

tags to identify “hot-spots” as the previous approach. However, the map is backed by a matrix of 

tags to achieve the information “continuity” effect. Thus, students are not limited to explore 

specific points of the map, but the whole map. This approach also allows students to introduce 

information related to a specific location on the map that can be retrieved by the professor. 

However, the map resolution to extract or introduce information from or into the map 

using Interactive Learning Panels is coarse grained, and it is limited to the RFID tag size and 

range. Besides, the view of the map is the same for all students; which limits the students’ 

capability to relate information from different sources (i.e. the relationship between the weather 

and the agriculture on a geographical map location) it is a limitation for their collaborative 

learning work. The limitation lies in the use of paper-based maps, as the source of information. 

From the multi-touch perspective, GlobalData (Zadow, Daiber, Schöning, & Krüger, 

2010) is an interesting approach where users are able to retrieve information from different 

regions of the map. The type of information to be displayed on the map is selected through 

different menus displayed on the shared surface. The main advantage of this approach regarding 

to the RFID-based approaches is the flexibility to display the information directly on the shared 

surface, replacing the mobile device as the information retriever. Although this approach seems 

to be more practical and flexible, it has two major disadvantages. The first one is related to the 

collaboration. The use of a shared display as the unique way to manipulate information deprives 

users from the ability to manipulate local information. For instance, if students have to achieve 
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individual goals, these goals should be kept for the students alone.The second one, related to the 

Human-Computer Interaction (HCI) field, refers to the “the user interface pollution” problem. 

The use of a single shared display by many users at the same time to show local information 

should be minimized. For instance, the visualization of the menus and options that belongs to a 

particular user should not be displayed in the shared display. These problems were also detected 

in (Schöning, Hecht, Raubal, Krüger, Marsh, & Rohs, 2008) and (Benko, Wilson, & 

Balakrishnan, 2008).  

The Sixth Sense system (Mistry & Maes, 2009) proposes a wearable gestural interface 

that allows the system to see what the user sees to augment the information on surfaces, walls or 

physical objects. One particular application of this system provides users with the ability to 

interact with a map using four fingers. However this approach does not support collaboration or 

information sharing. 

A photo sharing application is exposed in (Chehimi & Rukzio, 2010). This application 

allows users to share photos that are stored in a personal mobile device onto a shared surface (i.e. 

multi-touch surface) using gestures. Other relative work of local and shared information is 

presented in (Butz, Beshers & Feiner, 1998).  

As result of the analysis on the related work, we concluded that there are applications that 

use maps to view or manipulate information; however, these applications have some drawbacks 

related to the implementation technology (i.e. RFID) and the collaboration support (i.e. the 

manipulation of local and shared information).  

To deal with these problems we employ multi-touch technology to cope with RFID 

granularity problem, and Distributed User Interface (DUI) technology to manipulate local and 

shared information. 
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The Collaborative Map Explorer 

The collaborative map explorer is a learning artifact that allows students to explore 

different layers of information related to a particular geographic location using coupled displays 

cooperatively.  

In a typical application scenario, the teacher assigns to a group of students a set of 

questions relating different types of information (i.e. agriculture, political divisions, weather, 

etc.) to different geographical regions (provinces, countries, etc.). 

To answer these questions, students use the Collaborative Map Explorer as an 

examination tool that provides different layers of information on different regions of the map in 

the same space at the same time to encourage cooperative learning among students. 

The system is composed by: a set of mobile devices, one per student; and a multi-touch 

surface for the group of students that are collaborating. While the map is displayed on the multi-

touch surface, the type of the information to be displayed on the viewport is controlled by the 

student mobile device. The system architecture is depicted in Figure 1. 

The communication between the multi-touch surface and mobile devices is achieved 

through a Wi-Fi connection.  

The mobile device runs the Map Controller Application; which was developed using the 

Microsoft .NET Compact Framework technology (version 3.5). This application allows students 

to: log in to the system, log out from the system and select the type of information to be 

displayed on the student viewport. 
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Figure 1. Deployment diagram of the Collaborative Map Explorer 

 

The multi-touch surface has been developed in our laboratory, and we have adopted the 

approach presented in (Jefferson, 2005) to build it. The multi-touch surface runs the Map Viewer 

Application; which was developed using the Microsoft Windows Presentation Foundation 

framework and the MVVM design pattern (Sorensen & Mihailesc, 2010). This application is 

composed by 3 main components: the Communication Controller, the Map Viewer and the 

Viewport. The Communication Controller is in charge of handling the Map Controller 

Application requests. The Map Viewer deals with the map visualization on the multi-touch 

surface and the gesture recognition (i.e. dragging or pinching). Finally, the Viewport component 

is in charge of showing and manipulating the information on a region of the map (i.e. zoom 

in/out or move a region). 

The Figure 2 shows a sequence diagram of the Collaborative Map Explorer system that 

depicts student actions on the system. 
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Figure 2. Sequence diagram of the Collaborative Map Explorer 

 

As soon as a student logs into the system, a viewport enclosing a region on the map is 

displayed. This viewport represents the view of the logged user. The information type to be 

displayed within the viewport region is controlled by the student using the mobile device (Map 

Controller Application). Besides, the student is able to perform gestures on the multi-touch 

surface. These gestures are recognized and interpreted by the Map View Component in order to 

be handled by the Viewport component. 

Case of Study 

No es muy afortunada la frase. Quizá: The Collaborative Map Explorer has been applied 

to a scenario of informal learning (Cross, 2006) as case of study.. 
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This section describes a scenario where the Collaborative Map Explorer is used as a tool 

to teach Geography. The system is installed at the hall of a museum of natural sciences where the 

professor of Geography has prepared a practical class for 20 students. The goal of the activity for 

the students is the recognition of geographical zones and their characteristics using different 

layers, or views, of a map (i.e. political view, fauna, livestock, rail, etc.). The activity was 

designed to be performed within a limited period of time. In order to encourage the collaborative 

work among students, the time provided to perform the task was not enough for only one student 

to fulfill the task. 

The museum hall was equipped with the multi-touch surface and 5 PDAs running the 

Collaborative Map Explorer system. This equipment allows 5 students to work with the system. 

The teacher divides the class into groups of five students. Each group performs the task 

that was assigned by the teacher. Because of time restrictions, students coordinate each other 

carrying out tasks collaboratively. 

Some examples of activities performed by students are: (a) Find out which Spanish 

community has a richer fauna: Valencia or Extremadura; (b) Find out which animals dwell on 

each community; (c) Which community has more variety of livestock, Valencia or Andalucia? 

The Figure 3 depicts a particular situation where two students (Maria and Luis) use the 

Collaborative Map Explorer. While Maria is exploring the political layer of the Spain using her 

viewport to find out where Extremadura is located; Luis is inspecting the fauna of Valencia using 

his viewport.  



PERFORMING COLLABORATIVE MAP EXPLORATION                                                      

10 

 

Figure 3. Specific scenario of Collaborative Map Explorer 

 

Preliminary usability evaluation of the system 

In this section, we present the results of the Collaborative Map Explorer usability 

evaluation based on the ISO 9126-4 standard (ISO, 2002). The experiment is focused on the 

evaluation of effectiveness, productivity and user satisfaction, as the main factors that affect the 

quality in use of our system. The evaluation leads to a comparison between the interaction with 

digital maps and paper-based maps. Effectiveness has been measured using these 3 metrics: 

Effectiveness, Task completion and Error frequency. To measure productivity we have used 

Task time and Task efficiency. Satisfaction has been measured using a questionnaire based on 

the Software Usability Measurement Inventory (SUMI) proposal. Therefore, the experiment 

challenged a group of users to perform some tasks. The following list describes the profile of the 

users involved in the experiment:  

 Ten volunteer subjects participated in the experiment.   

 Seven of them were male and the three remaining were female.  

 They were young people (from 10 to 20 years old).  

 All subjects were frequent computer users. 
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 They all have experience on using touch screen mobile devices. However, they 

had hardly ever experienced the use of multi-touch surfaces (the mean is about 

once a year). 

Subjects were asked to perform two simple tasks:  

1- Select the political layer of the map using the mobile application, and search the 

Valencia community. 

2- Select the fauna layer of the map using the mobile application, and zoom in over the 

Valencia community. 

In order to give subjects some background on the task to perform, we asked them to 

perform Task 1 and Task 2 using paper-based maps, so they are able to get in context with the 

goal of the map exploration on paper and compare the satisfaction of using both artifacts to fulfill 

the same goal. Students were provided with 4 maps: political, fauna, livestock and rail maps.  

After this conceptual preparation, subjects were introduced to the Collaborative Map 

Explorer tool. Then, they were allowed to perform a practice run before the real experiment. 

Regarding the productivity evaluation, the Figure 4 shows the Task Time productivity 

metric. The maximum and minimum values allowed us to measure the confidence interval of the 

mean value. As can be noted, once users have performed the first task, they have not reported 

problems to use the system, and the Task Time of the second task is reduced by 4.1 seconds. 

Moving to another subject, the SUMI satisfaction questionnaire consisted of 10 questions 

whose results are shown in the Figure 5. It presents that the 78% of the users have a positive 

opinion about Collaborative Map Explorer, the 14% of them feel neutral, and only the remaining 

8% were not satisfied with the artifact. 
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   Figure 4. Task time (mean, max and min)     Figure 5. Satisfaction based on SUMI 

 

In addition, we performed an Analysis of Variance (ANOVA) on the mean error rate 

between CME Task 1 (Task1 with Collaborative Map Explorer) and T Task 1(Task1 with 

Traditional technical of paper-based maps). We started from the hypothesis that both techniques 

have the same performance. The results of the evaluation are summarized in Figure 6, which 

reject the hypothesis since F= 7.8105 and p=0.01197 (p<0.05). Thus, we can state that users are 

able to explore maps more comfortably using the Collaborative Map Explorer than using paper-

based maps. 

  

Figure 6. Mean time using CME and T technical and standard deviation 
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Note that the Task 2 (zoom in over the Valencia community to get information) wasn´t 

performed using the paper-based map, paper-based maps do not provide Zoom In; therefore the 

information provided by the Collaborative Map Explorer is richer that the one provided by 

paper-based maps. 

Conclusions and future work 

This paper presents a system that allows students to explore different layers of 

information related to a particular geographical location using a DUI where the use of a multi-

touch surface is coupled with a set of mobile devices. 

The proposed system also allows students to work with both, local and shared 

information, in the same space at the same time. While the local information is handled by the 

mobile device of the student, the multi-touch surface handles the shared information.  

The information handled by the client application affects the shared information visible to 

all students (Viewport). The client application changes the layer of information that is displayed 

on the Viewport within the map. 

The Collaborative Map Explorer employs direct manipulation through student fingers 

making gestures such as dragging on the multi-touch surface, to explore different locations or to 

zoom in/out the Viewport. 

Regarding the Interactive Learning Panels, presented in the related work section, the 

Collaborative Map Explorer introduces two important improvements: the shared information is 

dynamic and no extra hardware is required in the PDA. Regarding the GlobalData system, the 

Collaborative Map Explorer improves the student collaborative work by manipulating the local 

and shared information in separated displays to avoid “information pollution” on the shared 

screen (i.e. toolboxes). 
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The user evaluation demonstrates that the interaction with digital maps using the 

Collaborative Map Explorer is better than the interaction on paper-hand maps. 

This proposal supposes a promising starting point to support new collaborative learning 

applications. The developed prototype shows how different kind devices (mobile device and the 

multi-touch surface) can be used together to support basic learning activities. 

On future versions of the system, more actions that students can perform on Geographical 

Information Systems will be added. In addition, we will develop other applications that use this 

proposal, in other fields such as mathematics, languages, history, etc. Finally, complex 

collaborative tasks will be evaluated in future versions of the system. 
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