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Abstract. Recent technological advances in mobile devices enable the connec-
tion of classrooms with other virtual and physical spaces. Some approaches aim 
at helping teachers carry out learning situations across such spaces. However, 
these proposals tend to be isolated from other activities in teachers’ current 
common practices, and do not allow teacher-controlled flexibility of what stu-
dents do during the enactment. Aiming to overcome such limitations, the Buck-
et-Server is a system that enables teachers to include learning buckets in their 
learning situations: containers of learning artifacts generated and/or consumed 
across-spaces by students during the enactment. Teachers create learning buck-
ets at design time, configuring them with constraints to regulate the degree of 
freedom offered to the students. These learning buckets can be integrated into 
multiple existing technologies used in different educational spaces (e.g., web, 
physical and 3D virtual world spaces), thus helping embed buckets in the teach-
ers’ current common practices. 
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1 Introduction 

Besides the physical classroom, many different virtual and physical spaces have 
shown affordances for learning. That is the case, for instance, of Virtual Learning 
Environments (VLEs), which enable both distance and face-to-face learning [1]; out-
door spaces, allowing contextual and experiential learning [2]; and even 3D virtual 
worlds (3DVWs), enabling the perception of objects from multiple perspectives [3]. 
Recent advances in technologies such as mobile devices and Augmented Reality (AR) 
[4] are allowing to merge such physical and virtual spaces into environments wherein 
a continuity of learning is possible [5]. Helping teachers achieve seamless learning 
across-spaces has been marked by the Technology Enhanced Learning research com-



munity as a key challenge to explore [6]. Thus, multiple authors have proposed solu-
tions aimed to extend education beyond the walls of the classroom and outside the 
windows of VLEs [7,8,9]. However, such proposals tend to limit the possibilities for 
teachers to regulate the degree of flexibility offered to students (e.g., to choose the 
tools to use). Such flexibility, as well as the teachers’ capability of regulating the 
balance between guidance and freedom offered, are important concerns in some ped-
agogies, such as CSCL [10]. In addition, the across-spaces learning situations sup-
ported by such proposals are typically isolated from other activities and technologies 
of the teachers current practice. This may negatively affect teachers’ orchestration 
load (what some authors call the “classroom usability” [11]). The Bucket-Server sys-
tem aims at aiding in such challenge, by enabling teachers to embed learning buckets 
in their activities, which may be carried out using several existing technologies fo-
cused on different web, physical and 3DVW spaces. The next section describes the 
learning bucket notion and the Bucket-Server system, and Section 3 outlines the main 
implications of this work. 

2 The Bucket-Server System 

The notion of learning bucket [12] was proposed with the aim of introducing flexibil-
ity in the management of learning artifacts during the enactment of across-spaces 
learning situations (e.g., regarding technological, contextual or arbitrary decisions). A 
learning bucket is a container of learning artifacts that is created by the teacher at 
design time, and configured with constraints. Such constraints define what the stu-
dents will be able to do at enactment time within the bucket (e.g., tools allowed, max-
imum number of artifacts to insert, etc.), thus enabling the teacher to regulate the 
degree of flexibility (and coercion) provided. During the enactment, the students can 
use the bucket to create learning artifacts of multiple types, e.g., using existing Web 
2.0 tools such as Google Drive1

The Bucket-Server (

. The students can also position the artifacts in differ-
ent spaces (e.g., web, physical and 3DVW) using a variety of positioning types (e.g., 
geographical coordinates, AR markers, or any other coordinates system). The buckets 
and the artifacts they contain can be accessed from different spaces by means of tech-
nologies commonly used in each space (e.g., VLEs in web spaces, AR apps in physi-
cal spaces and Virtual Globes [13], VGs, in 3DVW spaces).  

Fig. 1, top) is a system that implements the learning bucket no-
tion. The Bucket-Server can be integrated with multiple existing artifact providers 
(including several Web 2.0 tools, widgets servers, etc.), thus enabling the population 
of the learning buckets with multiple kinds of artifacts. The Bucket-Server can be also 
integrated with multiple existing technologies focused on web (VLEs), physical (mo-
bile AR apps) and 3DVW (VGs) spaces. This integration enables the creation of 
buckets from any of the aforementioned spaces (e.g., using a VLE), and access them 
as well as their artifacts, using other technologies in other spaces (e.g., AR apps and 
VGs). Fig. 1 (down) shows a basic example of the use of a learning bucket. A teacher 

                                                           
1 https://www.google.com/drive/. Last access June 30, 2015. 



creates a learning bucket at design time from within a Moodle2 course and configures 
it with a set of constraints. During the enactment, a group of students create different 
learning artifacts in the bucket (in this case, Google Drive documents and presenta-
tions) regarding types of trees and monuments of the world, and position them in 
specific geolocations. Later on, another group of students (and also the teacher from 
the VLE) can access the artifacts using the Junaio3 AR app, and the 3D view of the 
Google Earth4

 

 VG. 

Fig. 1. The Bucket-Server system (top) and example of the use of a learning bucket (down) 

3 Conclusions 

The Bucket-Server helps solve the challenge initially described, since it enables 
teachers to include multiple learning buckets in the different activities of their across-
spaces learning situations, thus allowing the flexible creation and positioning of stu-
dent-generated content. The Bucket-Server architecture allows teachers to choose 
among a wide range of technologies (of different types and for different spaces), in-
cluding those of commonly used (e.g., VLEs), that are integrated in a single across-
spaces learning environment.  

                                                           
2 https://moodle.org. Last access June 30, 2015. 
3 http://www.junaio.com. Last access June 30, 2015. 
4 https://www.google.com/earth/. Last access June 30, 2015. 
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