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Learning Sustainable Development with Mobile Devices Che-Ming Chen (Taipei) & Tzu-Yen Hsu (Taipei) Abstract According to the theory of situation cognition, the instruction for conceptual knowledge is most effective when embedded in a phycsical and social environment. It would be easier to introduce the concepts of sustainable development to students by taking them to the outdoors and facing real environmental problems. In this study, a mobile learning module was developed for sustainability education, which involves a field trip along a local historical ditch and a decision-making exercise. The participants of trial tests were 8 highschool teachers and 14 tenth-grade students divided into 2 groups. Each student was provided with a mobile learning device, which is a PDA with location-aware learning materials and GPS installed. Students were guided by the mobile device to visit 5 waypoints showing various land-use types upon the ditch. They were asked to collect field data and interview local residents to evaluate 3 scenarios regarding the future development of the historical ditch. The results show that both teachers and students affirmed this module helped them to understand the local environmental issues as well as the concepts of sustainable development. Students stayed highly motivated duiring the learning activities because they felt they could find the locations and solve the problems by themselves with the assistance of advanced technology. Keywords:



sustainable development, mobile learning, PDA, GPS



1. Sustainability Education in the Outdoors It is believed that the best knowledge construction occurs when learning takes place through action in an authentic world (Resnick 1987; Rieger and Gay 1997). In order for sustainability education to be most effective, both theory and practice should be included in the curriculum. Besides, environmental issues often involve complex ecological, social, and economic problems. By engaging students to the environmental issues through field trips, it can help students to realize the complexity of the real-world and relate direct experience in the field to the concepts of sustainable development learned in the classroom (O’ Connell, et. al., 2005). Although a field trip for environmental issues is considered an effective teaching strategy for sustainability education, it is obvious that this approach is costly in terms of staff and resources (Higgins and Kirk, 2006). Even if some teachers are able to overcome the resource problems, usually the conventional staff-led fieldtrips are not so successful because of the inefficiency of gathering and speaking to many students in the field (Kent et al, 1997; Bellan & Scheurman, 1998; Tuthill & Klemm, 2002). This study aims to design a mobile learning module for sustainability education. A Pocket Fieldwork Assistant (PFA) developed with mobile technology is provided to each student in a self-guiding field trip. We expect this device can help students to conduct a field trip without the company of teachers. It can also reduce the cost of a field trip and remedy the problems with leading too many students in the field. Meanwhile, students can gain direct experiences about sustainable development and have fun of being an active learner. 1



2. Mobile Learning and Fieldwork Mobile learning (m-learning) is the intersection of mobile computing and e-learning (Shepherd 2001). Nowadays, people can retrieve a great amount of Internet data from mobile devices. Many people are unaware that they already involved in mobile learning in their daily lives, for example, when looking for the definition of a new word with a cell phone on a bus. One major application of m-learning relates to tourist guides. Museums could provide handheld devices that allow users to take personalized tours and have audio tutorials of the exhibitions. (Abowd et al. 1997). It’ s suggested that m-learning can possibly best be applied to three kinds of situations: (1) when specific knowledge should be retrieved at a certain moment; (2) when data collection or analysis is undertaking in the field; and (3) when learning content is strongly connected to the user’ s current context (Trifonova, 2003). It appears that geographical fieldwork frequently resides in such situations. Many educators have utilized mobile technology to support students learning in the field. For examples, Rieger and Gay (1997) developed a hand-held prototype for a plant genetics course, which could bring just-in-time multimedia resources such as plant characteristics, historical and geographic background information into the outdoor plant laboratory. Pascoe (1998) created a context-aware electronic notepad, which could automatically add the user’ s real-time information including location, date, and time to every note and enable the user to see them instantly on a map. Kravcik et al. (2004) divided students into two groups. One group went into the field for research investigation with mobile devices while the other group stayed in the classroom and received the real-time data from the field group via a wireless network. The group in the classroom was also responsible for analyzing the field data and providing necessary information to the group in the field. These studies demonstrated that mobile technology can facilitate observation, data collection, group communication, and problem solving in the field. In the meantime, it could significantly boost motivation as well as the outcomes of learning.



3. The Design of Pocket Fieldwork Assistant (PFA) In this study, we tried to integrate a learning module of sustainable development into a mobile device named PFA. Equipped with a GPS, PFA can provide navigation information and location-aware learning materials to students during the fieldtrip. Students can also use PFA to collect field data and upload their findings to share with each other in a website. The feasibility of the PFA was evaluated by the local highschool teachers and students in a fieldtrip along the Liugong irrigation ditch, a historical heritage under new development in Taipei metropolis.



3.1 Learning Objectives The Liugong irrigation ditch used to play an important role in the economic development and water supply of Taipei city, but at present it’ s functioning as sewerage and is heavily polluted due to the neglect of the nearby residents. Recently, the future development of this historical heritage brings the public attention to the importance of the ecological, social, and economic dimensions of sustainability. It provides a great opportunity for introducing the concepts of sustainable development to students. Therefore, this study provided learning activities to help students to understand the history of the Liugong irrigation ditch and reflect on its future development (Table 1). After outdoor fieldwork activities, the students were given three proposals for the future development of the irrigation ditch. Students were asked to choose one out of the three proposals, explain their rationale, and provide evidences from the field to support their decision.
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Table 1. learning objectives of the fieldwork Learning Aspect Cognitive Aspect



Skill Aspect



Affective Aspect



Learning Objectives  Realize the environmental problems of the irrigation ditch at present Understand the funtions and impacts of the ditch in the past Understand the concepts of sustainable development Learn to use the Pocket Fieldwork Assistant Collect field data to answer specific questions Complete a report to evaluate different development plans Care for the local environments Learn to cooperate with team members Learn to respect different opinions



3.2 The Pocket Fieldwork Assistant (PFA) To guide students throughout the whole fieldwork process, we developed the PFA with two main functions, namely, route guide and learning support (Table 2; Figure 1). The design of the functions demanded an understanding of the storyline of how students got to every field spot and what kind of learning exercise was assigned to them.



3.2.1 Route Guide There were five pre-defined field spots in the study area. The PFA would give students the information of transportation for each spot. Students could reach these spots by foot, bus, or Taipei Municipal Rapid Transit.



3.2.2 Learning Support Students act as active explorers instead of passive tourists in this learning module. According to the inquiry-guided pedagogy, the PFA will give learning support with the form of questions and activities (i.e. interviews, taking pictures, and making notes). Students are asked to finish tasks through action. The activities of data collection and question answering are all problembased, which are related to the evaluation of the developments surrounding the irrigation ditch. As students approach the field spot, the PFA will automatically prompt learning support. Besides, the PFA provides students with reading resources and a local map of the irrigation ditch for helping them to answer questions in situ.



4. Evaluation We conducted two phases of evaluation to understand how high school teachers and students perceived the mobile learning module. The first phase was a pilot evaluation to make modifications to the PFA prior to the formal field experiment. Members in our laboratory spent 6 hours going through all field spots assisted by the PFA. There were other 6 high school teachers volunteered to participate in testing the PFA in the field. The following are two major modifications made to the PFA based on the feedbacks from this trial run. 3



Table 2. functions of the PFA



Functions



Components Transportation guide



Route Guide



GPS navigation tool Image navigation tool Assignment prompter



Learning Support



Other



Field map viewer



Tool description Provide the transportation information of each field spot, like taking bus no. 642 or utilizing the GPS navigation tool. Show the location of the user on the map. Users can select a destination and this tool will constantly provide directions to guide the user. Show directions on pictures to guide students to destinations where the GPS does not work properly. Ask students to take actions, such as answer questions, interview residents, take pictures, and take notes when approaching every field spot. Provide the map of the irrigation ditch and show the locations of field spots.



Knowledge archive



Provide the knowledge base of the irrigation ditch.



Time warning messenger



Help students to finish the tasks on time.



Figure 1. Left to right: GPS navigation tool, Image navigation tool, and PFA main screen First, although we tried to design an easy-to-use device, it was still necessary to arrange a tutorial course of PFA for students. We designed a trial exercise before the fieldtrip. Students had to get to a predetermined spot in their school campus to be familiar with the basic functions of the PFA. Secondly, the GPS navigation tool did not always work properly because of the multi-path effect around crowded buildings in the urban area. We developed the image navigation tool as a supplement particularly for certain areas with the significant multi-path effect.
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In the second phase, there were 2 high school teachers and 14 students participating in the experiment for the full module. We obtained the results based on pretest-posttest comparisons, questionnaire investigations, interviews, learning assessments, and researcher observations. Students indicated that this fieldwork enhanced their relationships among team members. It raised their awareness of the local environment issues and provided insight into the complexity of the real-world planning work. They felt independent, fresh, and impressed throughout the process. As for the performance of the PFA, students regarded it as a good assistant in conducting fieldwork. The navigation tool could guide them quickly to every field spot and help them to collect field data. Teachers pointed out that the PFA had a friendly user interface, which could assist students in fieldwork tasks. The inquiry-guided content design of the PFA could engage students throughout the whole process in the field. As a whole, this mobile learning fieldwork received positive feedbacks from all teachers and most students. We still observed some drawbacks of the PFA during the field trip to be improved in the future. First, the mobile device should send real-time information such as the student coordinates and their learning progress during the trip. Secondly, the PFA should record student tracks to make sure they really conduct the field trip. Besides, this learning module is self-guiding and brand new to students. Students need more hands-on experience of the PFA and more background information regarding the concepts sustainable development related to the local environmental issues before they go into the field.



5. Conclusions Mobile technology has great potential to facilitate sustainability education. By integrating the learning module of sustainable development into a mobile device, students were able to conduct a self-guiding fieldtrip to investigate the local environmental issues. The PFA gave highschool teachers and students new perceptions of doing fieldwork. Teachers regarded the PFA as a useful tool for assisting students in the whole learning process. This m-learning approach produces several benefits. It improved understanding of the concepts of sustainable development by engaging students to the real-world problems. It saved some practical troubles of leading many students in the field as students were learning independently. It reduced the cost of transportation. Furthermore, students experienced the fun of being an investigator. The PFA needs improvements in two ways. First, the function of real-time communication should be added. It can help teachers to monitor students in the field, provide necessary supports right away, and perform real-time assessments. Secondly, the program should provide editing tools for teachers to easily customize their teaching materials. A PDA smart phone should be a better platform than a PDA alone to implement these modifications.
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