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Abstract Many business schools around the world offer
courses to train their students in acquiring so called “soft
skills”, such as working in teams for decision making or shar-
ing information to collaboratively solve complex problems.
These courses often include learning activities where students
are asked to generate ideas, discuss them, rank them and select
the best ones. In order to develop their IT skills, students are
often asked to take advantage of available IT technologies for
supporting this task. If geographical location information is
prominently used to provide context information about the
ideas students propose and discuss, this activity can be classi-
fied as geo-collaborative. Free software available from the
web has often been used to support this kind of work, like
Google Maps, for geo-referencing the ideas, the text editor
of Google Drive for describing them and Twitter or Facebook
to exchange messages and comments. These applications are
robust and suitable for use by large groups of students en-
gaged in a situated learning activity. In the context of a learn-
ing activity taking place in a business school in Chile, the
authors observed students for four semesters collaboratively
using these tools to identify ways of improving life or solving
problems in certain areas of the city which have to be
georeferenced on a map. They had to generate proposals, dis-
cuss them and select the ten best. Through feedback provided
by students, we identified problems regaring information
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overload, the lack of support for collaboration and unsatisfac-
tory usability. From these findings we derived requirements
for software especially designed to support this learning activ-
ity and have a tool that offers better usability. A prototype was
developed to cope with these requirements. It was used for
two semesters and evaluated under the same conditions when
students used free and/or standard software. The experiment
yielded positive results and gave us valuable insight on how to
implement main features of a system supporting learning ac-
tivities for large groups that includes decision making, blog-
ging and geo-collaboration.

Keywords Geo-collaboration - Collaborative learning -
Situated learning theory

1 Introduction

Nowadays, a professional person’s success lies in being able
to work in teams, which involves communicating, sharing,
and using information to make decisions and/or solve com-
plex problems collaboratively. It is also important for individ-
uals to be able to innovate and be adaptive in order to respond
to new demands and changing circumstances, while also be-
ing able to marshal and expand the power of Information
Technology (IT) for creating new solutions, products and ser-
vices, (Dede 2010; Griffin et al. 2012).

To prepare professionals with these skills, business facul-
ties of various universities around the world offer undergrad-
uate and graduate courses related to the use of IT to support
business in all kinds of organizations. The content of these
courses in the best business faculties (Quacquarelli, Cam-
bridge, & Wharton), share a common approach which consists
in students acquiring skills for identifying and understanding
IT developments and knowing how to apply them to business
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management in organizations. These skills are specified in the
Standard Nr. 9 of the Learning and Teaching of the Interna-
tional Association to Advance Collegiate Schools of Business
AACSB (AACSB 2014). Because of this, a meaningful learn-
ing activity is to identify problems and/or business opportuni-
ties associated with various components of the value chain of
any organization that can be supported by IT. To achieve this
learning goal, students are also expected to make use of di-
verse technologies, developing their IT literacy skills (Griffin
et al. 2012). Teamwork is especially important for having
various points of view when identifying problems/opportuni-
ties, as well as for searching for the solution, in order to gen-
erate ideas, to share them with the rest of the group, to discuss
them and to select the best ones.

Additionally, various studies advise that learning goals
should be achieved working in real scenarios or contexts
(Drummond 2010; Lave and Wenger 1990). This allows stu-
dents to identify the particular characteristics of the place
where the problem and its solution apply, allowing for better
understanding of the problem and its solution (Drummond
2010). In order to provide real contexts, we consider the col-
laborative geo-localization of the problems over a map a plau-
sible requirement for the learning activity students have to
perform. In this way, they can associate problems with their
requirements posed by the physical surrounding. This can
provide valuable information while searching for solutions
with real added value. (Zurita and Baloian 2012). The collab-
orative work of students proposing ideas, geo-localizing them
on a map and discussing them allows students to generate
various points of view while identifying problems and their
solution that otherwise would not be possible if they work
alone. This will not only provide them with an environment
where they can develop their team work skills but also with a
favorable environment to generate diverse ideas for sharing
their knowledge and opinions.

In line with what we previously discussed, at the Faculty of
Business and Management of the Universidad de Chile stu-
dents who take the “Information Technologies” course have to
perform a learning activity in which they should identify op-
portunities to improve life or solve problems using informa-
tion technologies. The ideas they propose should be associat-
ed with a certain physical area of the city. They have to gen-
erate, discuss and select the ten best ideas. We observed stu-
dents performing this activity supported by free available soft-
ware and services provided by various suppliers: they mainly
used Google Maps for collaborative geo-referencing, Twitter
and Facebook for communication and the text editor of Goo-
gle Drive for managing shared textual information. However,
opinion surveys performed after the learning activity have
shown that the simple addition of all these tools and services
was not the most suitable support for the activity. Problems
that can be related to information overload, usability and col-
laboration support were reported.
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This paper describes a systematic observation of how stu-
dents use the available tools. It also registers their opinions
about the advantages and drawbacks of using freely available
tools and services. To support the task we derived the require-
ments for a software that solves most drawbacks of using
these tools as they are. This was done by developing a new
application that integrates the services offered by Google
Maps and building upon it.

The rest of the paper is organized as follows: Section 2
discusses the state-of-the-art of the research areas, which are
relevant to this work. Section 3 describes in detail the peda-
gogical activity proposed for achieving the desired learning
goals presented at the beginning of this section. It also presents
some examples of topics that have been presented and
discussed by the students in various versions of the lecture.
Section 4 presents the results of evaluating Google Maps us-
ages and other free applications and services without modifi-
cations for supporting the proposed task during 4 semesters.
Based on the evaluation obtained in the previous section, in
Section 5 we derive the design requirement for a new appli-
cation, and show the developed application and its evaluation
using the same methodology as used for the evaluation de-
scribed in Section 4. Section 6 concludes the paper.

2 Geo-collaboration, microblogging and decision
making to support the pedagogical activity proposed

In this section we present the state-of-the-art of the related
areas. The first one is geo-collaboration, especially when it
is used to give context awareness to certain information. This
is important for the learning activity we are considering since
a pedagogical goal is for students to discuss problems that
have a real context. The second one is microblogging, which
are short messages people share within a group to report on
something or express an opinion. This is pertinent for this
learning activity since we have seen that students spontane-
ously discuss the ideas and select the best ones using this
communication format when they are georeferenced. Models
for decision-making in geo-collaboration scenarios are also
relevant because students have to select the best proposed
ideas. Finally, we review some works concerning usability
of geo-visualization software.

2.1 Geo-collaboration facilitating context awareness

According to (Cai 2001; MacEachren et al. 2006) geo-
collaboration is the modeling of collaborative tasks performed
by a group of people involving the contextualization, con-
struction and exchange of georeferenced data. This data is
based on a human-computer interface that shows the map of
the physical zone in the background, where the tasks are being
performed and/or spatially contextualized by using mobile
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devices or desktop computers (Hill and Roldan 2005). The
tasks may involve collaborative explorations and mapping of
meaningful representations (MacEachren et al. 2003). This
supports making geospatial decisions collaboratively in situa-
tions such as crisis management (Capata et al. 2008; Schafer
et al. 2007); building planning (Convertino et al. 2007); and
defining strategies (A. MacEachren et al. 2005).

Also, the geo-collaborative tasks may support the develop-
ment of pedagogical practices to support learning. According to
(Luo and Gao 2012; Silva et al. 2008; Zurita and Baloian 2012),
conducting collaborative educational activities using geo-
referencing data in authentic contexts enables students to estab-
lish significant cognitive relationships between what was seen
inside the classroom and what is seen in a real context, (Lorna
2007). Furthermore, students may collaboratively work through
learning tasks at the same time and in the same place (by social
interaction in a real physical context), at the same time and in
different places (social or virtual interaction in a remote con-
text), at different times in the same place (virtual interaction in a
real context), or at different times in different places (virtual
interaction in a remote context). Geo-collaborative tasks
supporting educational practices are based on the Situated
Learning Theory, which states that learning requires theoretical
concepts learned inside a classroom to be linked to practical and
real situations in authentic contexts where they can be applied
(Drummond 2010). Regarding this, (Lave and Wenger 1990)
suggest that learning improves when knowledge is presented in
a real and authentic context, i.e., settings which normally re-
quire that knowledge. Lave and Wenger (Lave and Wenger
1990), also claim that learning requires social or virtual inter-
action and collaboration among the students.

According to (Brown et al. 1989; Lave 1993; Vygotsky
1994), the way humans learn implies practicing the concepts
acquired in theory. Vygotsky (Vygotsky 1994) explains that
teaching activities involving conceptual content (learned in-
side a classroom) and implementation (in real situations) are
not only complementary, but also serve as feedback to each
other in a process of ongoing and increasing interaction.
This means that learning is acquired in and outside the class-
room through social interaction and constructions (Brown
et al. 1989). Situated learning scenarios can be supported
by collaborative software applications installed in wirelessly
interconnected mobile devices (Zurita and Baloian 2010).
These applications can geo-reference diverse data and infor-
mation such as texts, pictures, files, etc., at concrete physical
locations where the knowledge is required. Other function-
alities of these applications are: recording the history of the
routes; taking notes on real geographic zones; determining
routes; comparing different notes made in different loca-
tions; exploring and reporting collaboratively on what is
happening in their environment, (Silva et al. 2009;
Srivastava and Tait 2012); and personalizing the learning
experience of each student (Benford 2005);.

2.2 Microblogging to support communication in a learning
environment

According to (Java et al. 2007), the use of Twitter — the most
popular microblog today — may promote the formation of
online communities and facilitate the interaction among
learners through the exchange of text messages associated
with photographs, documents and videos on the internet.

Microblogging services have been introduced in various
educational scenarios and the evaluations of these experiences
report two benefits for the learning process: a) ease of use, and
b) the positive impact in various pedagogical practices. In
(Grosseck 2009), authors report that the complexity level for
using microblogs is low and independent of the computer
device being used. Normally, a computer, with a browser
and internet connection is enough. Moreover, microblogging
services are available for continuously used over an extended
period of time, allowing easier and faster access to information
when and where it is needed. These characteristics allow cur-
riculum designers to focus on the development of the didactics
instead of on problems related to the use of the microblogging
platform. Various authors have found that its use positively
influences important learning aspects like collaboration
(Altamirano et al. 2009; Holotescu and Grosseck 2010), cre-
ativity (Altamirano et al. 2009), development of communica-
tion skills (Altamirano et al. 2009; Holotescu and Grosseck
2010; Luo and Gao 2012), rising ICT Literacy, as well as the
productivity in the generation of ideas and self-direction
(Altamirano et al. 2009; Holotescu and Grosseck 2010). Ad-
ditionally, it has been found to promote Lifelong Learning
(Altamirano et al. 2009; Grosseck 2009) and the insertion of
users in communities of practice (Dunlap and Lowenthal
2009; Holotescu and Grosseck 2010).

In the literature we found benefits of using microblogging
in learning scenarios:

* The use of microblogs with mobile devices meets the nec-
essary requirements to be introduced in educational con-
texts: accessibility, immediacy, interactivity, and situating
of instructional activities, (Chen et al. 2002).

» Students get feedback on their comments (Altamirano
et al. 2009; Ebner et al. 2009), feeling motivated to keep
virtual and face-to-face discussions (Ebner et al. 2009;
Silva et al. 2009) with their classmates, get information
(Ebner et al. 2009; Grosseck and Holotesku 2008) keep
informed on what is happening in their courses in a fun
way (Altamirano et al. 2009; Grosseck and Holotesku
2008), and develop competencies to transmit relevant
and summarized information, (Grosseck and Holotesku
2008).

*  Microblogging has a positive influence in the process of
argumentation and discussion (Grosseck and Holotesku
2008); favors students reflection processes (Ebner et al.
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2009; Grosseck and Holotesku 2008); supports collabora-
tion (Altamirano et al. 2009; Holotescu and Grosseck
2010), creativity (Altamirano et al. 2009), critical think-
ing, development of communication skills (Altamirano
et al. 2009; Holotescu and Grosseck 2010; Lin et al.
2010) productivity (Dunlap and Lowenthal 2009) and
self-direction (Altamirano et al. 2009; Holotescu and
Grosseck 2010).

* Encourages the construction of communities of practice
allowing the acquisition of social/cultural skills
(Altamirano et al. 2009; Dunlap and Lowenthal 2009;
Grosseck and Holotesku 2008; Holotescu and Grosseck
2010; Stepanyan et al. 2010).

*  Motivates students to feel more comfortable raising and
answering questions they would not dare in class (Borau
et al. 2009; Junco et al. 2011). f) Teachers rely on a space
for discussion outside the class (Junco et al. 2011), in-
creasing its dynamics (Altamirano et al. 2009; Borau
et al. 2009), offering direct and immediate feedback to
students (Borau et al. 2009; Ebner et al. 2009), and favor-
ing the inclusion of students in the real world (Grosseck
and Holotesku 2008).

We also found some disadvantages (Grosseck and
Holotesku 2008):

» High volumes of non-relevant information in the educa-
tional process distracted students.

» Lack of courtesy in communications.

* Because of the 140-character limit, messages are written
in coded and abbreviated terms, which are often grammat-
ically incorrect.

» Teacher not available to provide feedback to students
through the microblog.

Finally, information generated in a microblog can be effi-
ciently used to support virtual decision-making processes,
(Shum et al. 2011; Turban et al. 2011). Researchers report in
(Java et al. 2007; Zhao and Rosson 2009) that the reasons
people give for using microblogging are: a) to keep in touch
with others, b) to promote certain kinds of interesting infor-
mation, c) to ask questions and leave comments. These rea-
sons are at the core of the proposed learning activity described
in Section 1. In summary, microblogging supports collabora-
tive work, communication, creativity, brainstorming, ranking
and selecting proposals. These activities are at the core of the
proposed learning activity.

2.3 Models for decision-making process
in geo-collaborative environments

Group decision-making is a collaborative effort performed by a
team of individuals to accomplish certain tasks or attain a goal.
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It involves a series of social interactions, for example, commu-
nication, deliberation, and activities such as generating ideas,
asking and answering questions, making comments, searching
information, or selecting ideas. These interactions may or may
not be mediated by computer technologies. The process of
decision-making has been the subject of research for decades.
The work presented in (Wong 1994) proposes the Cooperative
Decision Making model, that emphasizes the importance of
negotiating conflicts (Identification — Processing — Negotia-
tion). The Participatory Decision Making model (Kaner 1996)
distinguishes between divergent and convergent collaboration
modes (Divergent — Groan — Convergent — Closure). The
Collaboration Engineering model (Briggs et al. 2003) synthe-
sizes decision-making as a collection of behavioral patterns that
may be “engineered” to respond to contextual situations (Di-
verge, Organize, Evaluate, Build consensus, and Converge).

As mentioned in (Antunes, Sapateiro, Zurita, and Baloian
2010; Turban et al. 2011), decision-making seems to be orga-
nized according to three main decision-making patterns: (1)
information gathering and brainstorming of ideas in a diver-
gent mode; (2) finding alternatives, commenting and process-
ing them using divergence and convergence modes; and (3)
making choices in a convergent mode. In our case, we con-
sider the subset of fundamental requirements of geo-
collaborative decision-making processes proposed in
(Antunes et al. 2010):

» Perception support, Geo-collaborative decision-making
tools should associate georeferenced data with adequate
perception mechanisms, like pictures and text descrip-
tions, organizing them in sequence, for the purpose of
facilitating the contextual representation and understand-
ing of an idea (Holtzblatt et al. 2004; Van der Lelie 2006).

» Retention support. Retention is a fundamental driver to
construct individual and group memory and contributes
to enacting adequate responses whenever recognizable sit-
uations emerge. Geo-collaborative decision-making tools
should therefore maintain a repository of the
georeferenced data, their comments and rakings.

» Externalization support. Externalization is essential to in-
formation gathering and brainstorming of ideas, since
knowledge is constructed by articulating tacit knowledge
into shared explicit expectancies, cues, goals and actions.

» Divergent/convergent support. The decision-making pro-
cess involves cycles of divergent and convergent activi-
ties, where divergent activities favor problem identifica-
tion and information gathering, and convergent activities
promote the negotiation and selection of alternatives.

» Task/pattern management. The decision-making process
seems to be organized according to a set of patterned activ-
ities such as divergence, convergence, data organization,
option evaluation, etc. Geo-collaborative decision-making
tools should carefully avoid prescribing rigid structures.



Inf Syst Front (2016) 18:125-144

129

2.4 Usability in geo-collaborative applications

According to (Robinson et al. 2005) usability has been a
growing topic among scientists concerned with Geographical
Information Systems (GIS), since they say that “functionality
alone is insufficient assurance that a tool is applicable to a
problem in situ” and that developers of these tools should take
some lessons from interaction designers and usability experts
and apply their techniques to GIS tools in order to maximize
this ability. A number of articles dealing with this subject in
recent years confirm this idea (Richards 2015; Fonte et al.
2015). In (MacEachren and Kraak 2001) authors highlight
the need to “to develop a comprehensive user centered design
approach to geo-visualization usability.” In (Slocum et al.
2003), the authors present a six-stage design process for the
creation of a user centered tool to visualize issues related to
water balance. However, (Robinson et al. 2005) regret that in
the six-stage process presented by (Slocum et al. 2003) there is
a “lack of early and repeated user input in their discussion of
results”. Their recommendation is that user participation
should happen from start to finish, rather than after key ele-
ments have been decided by developers.

3 Evaluating the use of Google maps and other
services from “the cloud” as support for identifying
problems and/or opportunities

for technology-related business

In this section we describe the learning activity performed by
the students four times, in four consecutive semesters during
the years 2011 and 2012. They used Google Maps without
modifications for geo-referencing ideas they propose and any
other available tool or service they wanted in order to com-
municate and synchronize their work. First we present a more
detailed explanation of the task, and then the characteristics of
the technical setup, as well as the methodology used to gather
data. After this, three examples of interesting proposals gen-
erated by the students are described. We then present the re-
sults of the questionnaire which was applied to the students at
the end of the learning activity, that consisted in three ques-
tions on whether or not they experienced information over-
load; how easy was it to use the tool and how good was the
collaboration support provided by the tool? This section also
shows examples of which other tools and services they used to
coordinate their work beside Google Maps. We used the same
methodology and experimental design and applied a question-
naire similar to that utilized in the work by (Antunes et al.
2011), where the main goal was to obtain quantitative and
qualitative insights on how large groups collaborate. Howev-
er, for the work reported in this paper, the results were ana-
lyzed for a different purpose: this time the focus was to find

out which functionalities were missing or not properly sup-
ported to accomplish the tasks.

3.1 Task description, sample, technical setup and data
collection methodology

The experiment involved students from an undergraduate
course undertaking a collaborative assignment that consisted
in identifying realistic problems and/or opportunities in an
urban area and proposing innovative solutions based on infor-
mation technology. Students were asked to wander around an
urban area near the campus in order to accomplish this “Situ-
ated Learning-type” task.

This assignment was applied four times; each semester
starting the first semester of 2011 and ending the second se-
mester of 2012. The sample consisted of 50, 48, 48 and 46
students, for each semester; 30, 26, 24 and 28 male; average
age 23.3, 22.8, 23.1 and 22.3 respectively. They were taking
an undergraduate course on Information Technology for Busi-
ness in the eighth semester of the Information and Manage-
ment Control Engineering degree program of the Economics
and Business Faculty of the Universidad de Chile. The expec-
tation is that students taking this course are able at the end of
the course to: (a) detect problems and identify opportunities in
an organization that may be supported by Information Tech-
nology (IT); (b) manage an IT strategy that can introduce
competitive advantages into an organization; (c) design IT
solutions for a business project; and (d) develop communica-
tion and teamwork skills. These students are good users of
computing technology: 55 % use notebooks or tablets in clas-
ses and most have smartphones. All of them have a PC at
home. They regularly use popular desktop software and use
social media tools like Twitter, Facebook, and Skype.

Regarding the technical setup, the task was performed col-
laboratively outside regular classes. All students were part of a
single team. The teacher explained the assignment in the class-
room, recommending that the students observe an area and
identify realistic problems, opportunities and ideas that may
be addressed using IT, that should be georeferenced in Google
Maps. Each student should deliver at least two ideas. Students
were also asked to discuss and give their opinions on their
classmates’ ideas. They also had to collaboratively choose
the ten best ideas by mutual agreement and had 1 week to
perform the task. They were given no instruction regarding
the type of hardware to be used for this task. There was also no
recommendation about what to use as coordination mecha-
nism for the process of collaboratively selecting the best ideas.
The students were given no other instruction other than to use
Google Maps, though they were allowed to use any other tool
they wanted to communicate and synchronize their work.
Consensus rules, task awareness and coordination mecha-
nisms had to be established by the students themselves. Fol-
lowing the instructions, students performed the assignment
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accordingly. Pictures taken with mobile phones, cameras or
even taken from Street Views were uploaded to Google Maps.
A documentation of these activities is shown in Fig. 1.

From these experiences, we collected data from the
questionnaires that students filled out at the end of the
activity. For this work, questionnaires and the subse-
quent analysis were organized in three major categories,
namely information overload, usability (ease of use),
and collaboration support. As in (Antunes et al. 2011),
we organized the questionnaires and the subsequent
analysis in five major categories, namely group size,
information overload, collaboration and usability,
grounded on a subset of the design dimensions defined
by Driskell (Driskell and Salas 2006). The strategy we
adopted to analyze the results consisted in starting with
an analysis of quantitative data and then using the open
questions to validate the results and find additional in-
sights. The responses to the open questions were se-
quentially analyzed and coded in two rounds, the first
one aiming to identify relevant codes and the second
one to revise codes and improve the quality of the

coding process. The coding was made by two persons.
They worked collaboratively and reported that there was
a high degree of agreement when assigning values to
the answers given by the students. The people partici-
pating in the coding process were the same for the two
rounds. The adopted coding strategy was a mix between
grounded and start list (Miles and Huberman 1994): the
categories emerged during the coding process, but they
were confined to two master codes, namely positive and
negative factors. After the second round, the number of
occurrences of each code was counted. This served to
quantitatively point out which codes were more relevant
to the analysis.

Although the students were instructed to use Google
Maps they also used Google Drive (spreadsheet, and
text processor) collaboratively in order to support the
discussion and convergence process. For this reason
we additionally analyzed the students’ usage of these
tools to identify which processes and data structures
were the most frequently used in order to obtain addi-
tional functional requirements.

Forma 2

Fig. 1 Two Google maps instances collaboratively georeferenced by the
students (2nd semester of 2011 on the /eff, and 2nd semester of 2012 on
the right). The list of ideas is shown on the /efi side. Geo-references are
displayed as icons on the map representing the location for these ideas.
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Text and pictures describe ideas presented by students. The screenshot on
the right shows the interface with a georeferenced idea showing the
associated comments. This layout was not effective for supporting
collaborative discussion among students
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3.2 Some real examples identified in the pedagogical
activity

In order to illustrate the outcomes of the described learning
activity, we present some of the proposals the students gener-
ated after applying the decision-making processes using
georeferenced information in downtown Santiago.

Bus terminal without proper information This proposal
geo-references one of the bus terminals in Santiago for pas-
sengers travelling to various cities, indicating that there is no
precise information available about the platform from which
the buses depart. This generates confusion and nervousness
among the users, especially when the platform for a departing
bus changes. Information about changes is announced by oral
messages using low-quality loudspeakers and without repeti-
tion. As a solution to this problem, a student proposed
installing screens over each platform displaying relevant in-
formation about destinations, departure times, etc. To illustrate
the idea the student uploaded two photos from the platforms.
The classmates commented on this proposal by adding that in
order to help users, new information should be displayed in
cases of delayed departures. Other classmates suggested
displaying this information on a web page that can be accessed
by cell phones. Others support the proposal, adding that pas-
sengers usually have heavy luggage, that hinders them from
moving swiftly from one platform to another.

Supermarket lines / queues A student raised the issue of
clients having to line up for too long to pay in a supermarket
located in downtown Santiago, adding that this is a common
problem in almost all supermarkets located nearby. The situ-
ation is illustrated with photos from lines formed in front of
the cashier. The proposed solution was a geo-collaborative
application running on smartphones in which customers can
see the current status of the lines in the supermarket, including
expected waiting time. Some comments from classmates sug-
gest that this application could be implemented as a social
network, in which members can report on the state of the
supermarket lines. Another comments that the same applica-
tion could be used in similar situations where clients or users
of services have to line up to be served, such as in banks. A
third student suggests the development of a business model
based on subscription and advertisement to make profit.

Information on reversible traffic lanes In Santiago there are
certain streets, depending on the time of day, that are delegated
as one-way or two-way directions in the benefit of better ab-
sorbing rush hour traffic. On this topic a student considers it
necessary to provide more information to drivers who do not
usually take these routes. To introduce this discussion topic,
the student geo-references one of the most important streets
with this characteristic in Santiago, adding that there are 47

other streets working this way. As a solution the student pro-
poses a georeferenced application that according to the
driver’s location, reports whether there are reversible traffic
lanes nearby and in which direction are they set at that time. It
may also suggest alternative ways for the final destination.
Some students responded to the proposal suggesting to install
more digital billboards that inform drivers on the lanes and
their reversibility. Another student supported the idea
reporting that he has witnessed more than one accident be-
cause of unaware drivers taking the street in the wrong
direction.

3.3 Findings of the experiment

As we mentioned, from the questionnaire applied in (Antunes
et al. 2011), we only take into account the next three open
questions: Q1: “Did you experience information overload dur-
ing the task?”, Q2: “How easy to use was the software itself”,
and Q3: “How easy to use was the collaboration support?”
Students were asked to comment and describe positive and
negative aspects of the software they used related to the ques-
tion. The results of the qualitative analysis of the data obtained
are shown in Tables 1, 2, and 3.

As seen in Table 1, the most negative comment about in-
formation overload was associated with the difficulty in iden-
tifying and following the many ideas generated and their as-
sociated comments. On average, 17 students mentioned this
problem each semester. Students mentioned that using only
Google Maps as instructed made it difficult to aggregate all
comments made for one idea. In the 4 semesters students used
additional documents from text editor of Google Drive for
writing their comments (see Fig. 2 left). As mentioned before,
the text editor and the spreadsheet of Google Drive were used
to collect the comments. Mechanisms used to associate ideas
in Google Maps to the comments were: a) repetition of the title
and/or description of the idea (see Fig. 2 on the right) b)
generation of an identification number for each idea (see the
numbers associated with ideas in Fig. 2).

In all cases the number of generated comments made it
difficult to follow and read them completely. Many students
mentioned they read only a subset of the ideas and comments
because they were simply too much. They also indicated that
it was difficult to find the new ideas and comments out of the
old ones, as well as finding a certain idea or comment in order
to read it again. It was even more difficult to associate the
georeferenced information in Google Maps with the ideas
and comments in Google Drive. Only during the second se-
mester of 2012 students tried to associate comments with the
corresponding idea in the same document in Google Maps.
Students started to write their comments just after the text
written as information to the georeferenced idea, adding their
names to the comment. However, additional Google Drive
documents were used to implement the selection and vote
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Table 1

Qualitative coding of student answers to the questionnaire and the frequency in which they were mentioned associated with Q1. S1=Semester

1. S2=Semester 2. Avg 4=Average of 4 semesters (S2, S1 of 2011; S2, S1 0f 2012)

Q1: Did you experience information overload during the task?

Positive comments

Negative comments

Year/Semester Year/Semester
2012 2011 2012 2011
Avgd S2 S1 S2 SI Avgd S2 S1 S2 S1
1.8 3 2 0 2 Everyone was available on the computer  16.8 21 12 15 19 Too many ideas and comments shown at the same time.
screen.
2 2 2 3 Work was performed in an orderly fashion. 6.5 5 8 7 6 Some contributions were duplicated.
15 3 0 2 History of ideas was easy to follow. 10.5 16 14 10 2 Considerable flow of ideas and feedback.
93 14 8 9 6 Relation between ideas and comments difficult to
establish.
11.5 12 15 12 7 Related ideas are shown apart from each other.
48 5 4 8 2 Toomany objects shown in the same window at the
same time.
73 129 6 2 Some comments were simply forgotten.

for the best ideas. The result of having comments sepa-
rated from the ideas implied that the high flow of ideas
and their comments that were created were difficult to
follow and easy to forget (10.5 on average); and therefore,
the number of repeated ideas was considered high and that
they were difficult to detect (6.5 on average); or that it
was easy to forget the comments they already read due to
the high number of proposals and comments (7.3 on av-
erage). Few positive comments were expressed. The most
relevant was that the participants liked having all

information available on the computer screen. Comments
on Q2 reveal several technical issues contributing to the
perceived low usability (see Table 2).

The most negative comment was related to the lack of
mechanisms to easily associate the georeferenced ideas and
the corresponding “conversation” resulting from the com-
ments given to it (average 10.5). In fact, the lack of this kind
of functionality was the reason given by the students for hav-
ing to use additional documents (text editor or a spreadsheet)
in Google Drive.

Table2 Qualitative coding of students’ answers to the questionnaire and the frequency they were mentioned associated with Q2. SI=Semester 1. S2=
Semester 2. Avg 4=Average of 4 semesters (S2, S1 of 2011; S2, S1 0f 2012)

Q2: How easy was the software itself to use?

Positive comments

Negative comments

Year/Semester
2012 2011
Avgd S2 S1 S2 Sl1
8.3 8 9 6 10 Easy to understand.
2.3 4 0 2 3 Immediate visualization of new comments.
35 5 3 4 2  Reference of ideas in geographical context.
13 2 0 1 2 Useofcolors.
35 6 2 4 2 Useoftextand pictures.
1.8 1 2 3 1 Use of icons.
1.5 0o 2 3 1 Easy access to ideas.
0.8 0 2 0 1 Searching.

Year/Semester
2012 2011
Avgd S2 S1 S2 Sl1
6.5 6 7 5 8 Proximate comments are difficult to discern.
7.3 10 5 8 6  Cannotsee who deleted comments.
11 12 10 15 7  Lacks coordination support.
105 14 12 10 6  Mapping and chatting unrelated.
1.3 0 2 1 2 Slow
6.3 8 9 6 2 No private working space.
9.3 13 11 9 4  Had to improvise in order to collaborate.
8.5 9 12 8 5 Difficult to merge comments, ideas.
8 11 7 9 5 Communication is not primarily focus.
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Table3  Qualitative coding of students answers to the questionnaire and the frequency they were mentioned associated with Q3. S1=Semester 1. S2=

Semester 2. Avgd=Average of 4 semesters (S2, S1 of2011; S2, S1 0f2012)

Q3: How easy to use was the collaboration support?

Positive comments

Negative comments

Year/Semester Year/Semester

2012 2011 2012 2011
Avgd S2 S1 S2 S1 Avgd S2 S1 S2 Sl
38 6 3 2 4 Shared view of ideas. 128 16 9 12 14 Group had to develop alternatives for coordinating group work.
13 2 2 0 1 Eases problem understanding. 11.5 15 11 8 12 Users can edit others’ contributions.
08 2 0 0 1 Facilitates view of task progress. 83 11 6 9 7 Tool inadequate for discussion support.
1.8 3 2 0 2 Permits asynchronous interaction. 4.8 6 3 5 5 Difficult to converge.
1.0 2 1 0 1 Easestime management. 85 12 9 7 6 Asymmetric participation.
05 0 0 1 1 Usescolors. 25 4 3 1 2 Lack ofchat tool.

73 9 8 7 5 Lacks awareness mechanisms.

The analysis of QI that focused on information overload
revealed that the most important negative aspect was that it
was difficult to follow the ideas and the associated comments.
Q2 revealed that from the usability point of view the most
negative aspect was the association of the ideas written in
Google Maps with their comments in Google Drive docu-
ments. An interesting result of the analysis was that in three
of the four semesters the students tried to structure the infor-
mation in Google Drive in a similar way that a microblogging
service would do: short messages arguing for or against the
proposition (see Fig. 2).

The second negative aspect is related to the lack of coordi-
nation support (with a frequency of 11 points on average). On
some occasions a coordinator was elected by the students who
would mediate when defining deadlines for generating idea
proposals, number of comments expected and deadlines for
generating them, voting mechanisms, etc.; because neither
Google Maps nor Google Drive provide such mechanisms.
One of the most cited arguments about lack of coordination
mechanisms was that in Google Maps all ideas would seem to
have the same relevance and only after carefully reading all
comments they would find which ones were the most
preferred.

The third negative comment with a frequency of 9.3 points
is associated with the need to improvise collaboration strate-
gies, since the tool does not offer clear support in that area.
Students missed a functionality that could help them count
favorable and unfavorable comments given to an idea. In or-
der to overcome this problem, in three of the four semesters,
students used a spreadsheet from Google Drive instead (see
Fig. 3). In one semester they used a simple table made with the
help of the text editor (see Fig. 3 to the right).

The next negative aspect (average frequency of 8.5) was
the difficulty to combine ideas with their comments in a single

view. This aspect can be clearly seen from the screenshots
shown in Fig. 1 showing the georeferenced proposals and
the one in Fig. 2 showing the Google Drive document with
the comments. Even when in one semester students did write
the comments in the same place with the ideas on Google
Maps (see screenshot on the left of Fig. 1), they were after-
wards copied into a document for rating, as seen in Fig. 3. This
also explains the high frequency (8.0) of negative comments
expressing that there was no simple communication mecha-
nism for commenting on the ideas, expressing preferences and
rating.

Other negative aspects mentioned were that any student
could modify or even delete the contributions made by anoth-
er (7.3), difficulties for differentiating comments when their
georeferenced locations in Google Maps was near (6.5), and
the absence of private workspace before publishing the ideas
(6.3). The most relevant positive aspect mentioned was that
Google Maps was easy to use.

An interesting aspect was that many of the ideas that were
also presented in Google Drive were extended, in comparison
to the one that was georeferenced in Google Maps. They were
described with more detail, sometimes taking the format of
storyboards in order to give better context to the idea.
(Holtzblatt et al. 2004; Van der Lelie 2006). Table 3 shows
the students’ stand regarding the question Q3, i.e., how easy to
use was the collaboration support provided by the system?,
with clear emphasis on the negative side. Two reasons were
very prominent: a) the group had to develop coordination and
a collaborative mechanism (using Google Drive) since Google
Maps “as it is” does not provide any (12.8); and b) the prob-
lem that any participant may modify or delete comments with-
out control or rollback (11.5).

Students mentioned that they had to resort to mechanisms
defined by them to synchronize their work, like establishing

@ Springer



134

Inf Syst Front (2016) 18:125-144

B

23- Georreferencia de eventos (hoyos) en las
calles
Last Updated by Cristian ' « 1 1"

como un canal de denuncia publico de estos problemas

Georreferenciar los eventos en mapas

d
‘ @  Actualizacion de eventos para dispositivos moviles con
- mapas y GPS utilizados por Taxis y Automovilistas
Denunciar problemas relacionados y/o provocados por
— los eventos
" “ . . - [T

%(\ ; ! e, “n

Em'ﬂ"l — _ n‘- L ’ - :‘

“len las calles
.

-rs

Direc

, 23, u or CR. Georeferenciacion de eventos
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o Contexto: Los "tacos™ son provocados por un
aumento en la poblacidn de vehiculos
particulares, debido al deficiente sistema de
transporte publico en Chile. Esto sumado a la
lentitud del transito por los "eventos” y trabajos en
las calles no preevistos.

o Solucién: ayudar a los conductores a informarse en
donde estan los "eventos” mas grandes identificados
por otros usuarios y complementario con la ubicacion
de trabajos en vias y accidentes a traves de
geolocalzacion, de esta manera se anticipa a las
eventuaidades, creando nuevas rutas y
administrando su tiempo segun sus propias
necesidades

o Debo resaltar que el aumento de autos particulares
ha sido provocado por las molestias del
Transantiago, es por esto que hay que intentar
mantener 0 aumentar los beneficios que nos da un
auto particular para manejar neustro tiempo.

Fig. 2 At lefi: extract of a Google Drive document with the proposition
of an idea and the associated comments. At right: The screenshot behind,
shows a Google Maps document with a proposal identified by the number

deadlines for proposing, commenting on and ranking the
ideas. Despite this agreement many students expressed
their preference to work without deadlines. Many students
also suggested that the time period for making comments
on ideas should be immediately after their publication,
otherwise they might forget what they wanted to say after
reading it if they have to wait for that. Students expressed
that geo-referencing ideas over a map was a good way to
give context and with this, aid in understanding of the
problem or opportunity the idea was tackling. They men-
tioned that using one system for geo-referencing ideas and
then another for discussing them was rather inefficient,
since they had to manage two systems and input the same
information twice. According to the students, the informa-
tion generated for Google Maps, as well as for Google
Drive, should not be collaboratively editable in order to
avoid that students modify opinions of their classmates.
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23. The screenshot at the front shows a Google Drive document with this
number, the same title, some photos and the description of the proposed
idea, and microblogging—like comments

4 Design requirements of a new geo-collaborative
application based on Google maps

In this section we will describe general and specific require-
ments of the application. The general requirements are based
on the literature review presented in Section 2 that will be
labeled as Gx (x being the number of the requirement). The
specific requirements are those we derive from the question-
naires applied to the students after using Google Maps without
modification that will be labeled with Sx.

General requirements associated with microblogging as
support for communication for pedagogical geo-
collaborative applications are (see Section 2.2):

G1 The communication mechanism should be simple and with
similar structure as the microblogging short messages. This
communication structure will be used to textually describe
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Fig. 3 At the left, a screenshot of the matrix students confectioned using
Google Drive. Each row corresponds to an idea and the columns to the
rating given by one student to that idea. At the right a screenshot of a text

the problems and opportunities and their solutions; it will
facilitate discussion and argument for or against these ideas
with the goal of deciding on the best one.

The microblogging communication type should favor
the generation of short, clear and simple interaction mes-
sages. However, the system should be easy to extend if
more information is required.

G2

General requirements associated with decision-making
processes in geo-collaborative applications supporting learn-
ing are (see Section 2.3):

G3 Students should be able to georeference points, regions
or lines over a map and associate information (text, pic-
tures, etc.) to these elements. This will support the pro-
cess of information gathering and brainstorming in a
divergent mode.

Students should be able to argue and comment on ideas
proposed by others. This will support the generation of
alternative ideas.

Students should be able to express their own preferences
for the proposed ideas. The system should provide a
simple mechanism to sort out the best ones. This will
support the process of selection of alternatives.

G4

G5

Specific requirements derived from the previous section are

associated to the answers to the three questions. Requirements
associated with the question about information overload Q1 are:

written with Google Drive with a table where each row corresponds to a
student and the columns to a subset of relevant pre-selected ideas that will
be ranked; students evaluated each idea with a number from 1 to 7

S1 Provide mechanisms for making comments and selecting
ideas in the same place where they are georeferenced
(brainstorming);

S2 Provide functionalities to support a student to follow

ideas being discussed. This will be implemented by
searching mechanisms.

Requirements associated with the question about informa-
tion overload Q2 are:

S3  Provide microblogging-like information architecture for
the ideas, so it will be easy to identify positive and neg-
ative opinions for each idea.

Provide selecting mechanisms (voting and/or rating) to
support the convergence stage in the decision-making
process.

Provide mechanisms to manage private working spaces
whose content can be later published.

Implement editing rights so that students do not modify
or delete comments or ideas that are not their own.
Provide functionalities that allow students to write their
idea proposals as “storyboards”.

S4

S5
S6
S7

Requirements associated with the question about informa-
tion overload Q3 are:

S8 Provide a collaborative workspace that allows students to
propose their georeferenced ideas enriched by text and
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images (brainstorming and storyboarding), comment on
them (in divergence and convergence modes); and state
their preferences (convergence).

S9  Include brainstorming, divergence, and convergence pro-
cesses in an iterative and cyclic way, allowing students to
propose ideas, comment on them and/or rate them during
all the process.

Table 4 shows the relationship between the specific and the
general requirements. An x in a certain cell [Sx, Gx] of the
table represents that the implementation of the specific re-
quirement Sx contributes to the fulfillment of the general re-
quirement Gx. For example, implementing S1 contributes to
fulfilling G1, G2, y G3.

5 Geo-collaborative application proposed to tackle
problems related to the use of Google maps
and Google drive documents

In this section we describe an application that uses geo-
collaboration and microblogging-like messages to support
the pedagogical activity described in Section 1, whose design
is based on the general and specific requirements presented in
Section 4. The application has been developed with HTMLS,
thus users only need a computational device with a browser
and an Internet connection to run it. Therefore, the application
can be used on mobile devices, desktop computers, or tablets
without major variations in its functionalities. Views are of
course adapted to fit in the screens with different sizes. The
application incorporates Google Maps functionalities through
the API provided by Google and implements the necessary
additional functionality in order to support students’ work
according to the requirements derived in the previous section.

Table 4 Relationship among general (Gx) and specific requirements
(8x)

Specific requirements (Sx) General requirements (Gx)

Gl G2 G3 G4 G5

S1 X

S2 X X

S3 X X

S4

S5 X
S6 X
S7 X X

S8 X X X X

S9

@ Springer

5.1 Description of the geo-collaborative application

Figure 4, shows the main view of the proposed geo-
collaborative application as seen on a screen of a mobile de-
vice (smartphone) or a desktop computer. In this section, we
describe the application according to the identified general
and specific requirements (see Section 4 for more details).
The functionalities of the application can be classified accord-
ing to which stage of the decision making process they sup-
port: 1) Information gathering and brainstorming, 2) generat-
ing options and discussing them and 3) make decisions (select
the best options).

(1) Information gathering and brainstorming in a divergent
mode. Students start the learning activity by inputting
new ideas or browsing the ideas already proposed. Each
proposal is first created in a private workspace or view
and only after completing the proposal, it can be shared
with the rest of the students in order to be commented on
and/or ranked (see design requirement S5). Students start
creating a new proposal using the geo-referencing func-
tionality in order to put location marks, regions (circles,
rectangles), or lines over the map that describe the phys-
ical location or area with which the idea is associated.
The options for geo-referencing information over the
map can be seen in the upper central part of the desktop
computer’s screenshot in Fig. 4, as well as in the mobile
device’s screenshot in the same figure. In addition to the
location, the student has to input a title, a textual descrip-
tion (mandatory), and pictures in order to better contex-
tualize the proposal (optional). It is possible to associate
even more context information with a proposal, activat-
ing the Street View functionality of Google Maps, as
shown in Fig. 5.

Because of the characteristics of Street View, only
georeferenced points (not lines or areas) can be seen
using this perspective.

Students who log in to the application will see at first a
list of the proposals input so far, which they can select
and see its content (the geo-location, title, description
and photos) and also explore the Street View perspective.
Proposals that have been are also shown on the map and
can be selected by clicking on the location mark, region
or line that was used to geo-reference it. The title and
description on the left-hand side is always associated
with a selected location on the map. Selecting another
proposal or starting the creation of a new one will also
change the associated description. In this way we tackle
design requirement S1. Picture descriptions may corre-
spond to a sequence of situations describing the context
of the proposal using a story-board fashion to better un-
derstand it, see Fig. 6 (see design requirement S7). The
number of pictures is not limited and they may be
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Fig. 4 Two screenshots of the application, both showing the same proposed idea. Below the pictures are options to rate (not expanded),
proposal named “Terminal sin informacion” whose label can be seen and leave comments on it (expanded); the big screenshot is taken from
over one of the pins over the map. The small screenshot is taken from a a desktop computer screen and shows the title and detailed description of

Smartphone, showing two pictures in the upper part (shown larger on the idea

Fig. 5) showing information for raising context awareness for the

uploaded from a desktop computer or a mobile device
camera, thus allowing a student to create a proposal,
write the text and take the picture on the spot and upload
it attaching the geo-location automatically using the GPS
of the mobile device, if present. Pictures will be shown
using at most, half of the left-hand-side area of the inter-
face in order to leave enough room for the text descrip-
tion and the comments other students make to it (see
design requirement S8). In the desktop view of the inter-
face shown in Fig. 4 a georeferenced proposal labeled
with “Terminal sin informacion” text is shown, that
means, this contribution is currently selected by the user
for viewing, adding a comment and/or rating it. The icon
showing an open lock beside the proposal’s title means it
has already been made public.

(2) Finding and commenting alternatives, information pro-
cessing using divergence and convergence modes. In

order to support students in reviewing and commenting
on the various proposals, a searching tool was incorpo-
rated in the application because location of contributed
ideas was mentioned as a problem and was the cause for
establishing design requirement S2. The screenshot in
the middle of Fig. 7 shows the searching tools of the
mobile device interface. Contributed ideas can be
searched by author name, words within the comments
or creation date. The result of the search is shown as a
list under the search tool and the corresponding location
of all proposals matching the search criteria are shown on
the map. Comments associated with the ideas follow a
microblogging structure as stated by design requirement
S3. This can be seen at the bottom right part of the mobile
device interface in Fig. 4, where two comments were
made on this idea are shown. The selection/review of
comments is based on simple scrolling and options
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Fig. 5 This picture shows the Street View perspective of the labeled awareness for the proposed idea. The user reaches this view applying
“Terminal sin informacion”. The pin behind the bus corresponds to the the Street View functionality on a georeferenced mark over a street
proposal geo-referencing. This view helps to improve the context

Fig. 6 Two images belonging to the “Termnal sin informacion” proposal uploaded by a student in order to improve the context awareness of the
proposal. These images correspond to the central idea shown in Fig. 4
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Fig. 7 Three different screenshots from the mobile interface of the geo-
collaborative application. The /eff one shows the view for geo-referencing
information on the map. The screenshot at the center shows the searching

“expand” and “collapse”. Most recent comments are
shown above the older ones to support the discussion
during divergence and convergence phases of a
decision-making process.

Make choices in a convergent mode. In order to fulfill
requirement S4, about allowing students to argue for or
against the proposal, a rating mechanism was imple-
mented which can be seen at the right screenshot of
Fig. 7. The average of the votes is shown aside the title
of the proposal. Additionally, marks on the map showing
the location of the proposed ideas are displayed in two
different colors according to the ratings they received:
Green, for ideas with an average rate equal or higher than
four and red, for an average lower than four. In order to
comply with design requirement S9, ideas can be
commented on and/or rated as soon as they are made
public. Also, each comment or idea cannot be deleted
or modified according to requirement S6.

(€)

Regarding the implementation of the system, it can be de-
scribed as an integration of various types of cloud services into
a single one. In fact, it makes use of functionalities provided
by Google Maps and other computing services available in the
web, and complements them, implementing the missing func-
tionalities. Some of the main advantages that authors have
mentioned about using Cloud Computing are scalability, ubig-
uity, and reliability. These characteristics match the require-
ments of many learning scenarios, especially those in which
students have to perform learning activities across various
settings, in and outside of the classroom, collaboratively and
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tools. The screenshot at the right shows the list of all proposals ordered
according to their ranking from high to low. This list also identifies
proposals that have already been visited or ranked by the user

individually working on generating and analyzing data, using
different kinds of computing devices supporting this work.

5.2 Evaluation of the geo-collaborative application
and results

The geo-collaborative application described in Section 5.1
was evaluated under the same conditions regarding the edu-
cational objectives, technical setup, methods for data
collecting and its analysis, as the one described in Section 4.1;
except that this was evaluated for two semesters in 2013. The
sample consisted of 32 and 44 students for the first and second
semester respectively; 14 and 24 male for the first and second
semester; average age 23.5 and 23.8 for the first and second
semester respectively, taking the same undergraduate course
on Information Technology for Business, in the ninth semester
of an Accounting program, at the Economics and Business
Faculty of the Universidad de Chile.

Results obtained (see Table 5), were compared with the
mean average obtained for the 4 semesters when Google Maps
was used “as it is” for the positive and negative comments
associated with questions Q1, Q2 and Q3 in order to find
out if students perceived the improvements introduced to min-
imize the drawbacks. Additionally we registered other quali-
tative aspects related to geo-collaboration support and usage
of microblogging that we will show later.

Comparing the results obtained when using Google Maps
“as it is” for four semesters (Avg4 in Table 5), against results
obtained when using the geo-collaborative application espe-
cially developed for this activity during the next two semesters
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Table 5 Qualitative coding of students answers to the questionnaire
and the frequency they were mentioned associated with Q1, Q2 and
Q3. Y/S=Year/Semester. SI=Semester 1. S2=Semester 2. Avg 4=

Average of 4 semesters (S2, S1 of 2011; S2, S1 of 2012). Avg 2=
Average of 2 semesters (S2, S1 of 2013)

Positive comments

Negative comments

Y/S Y/S
2013 2013

Avgd Avg2 S2 Sl Avgd Avg2 S2 Sl

Q1: Did you experience information overload during the task?

1.8 5 6 4 Everyone was available on the computer 16.8 3.5 3 4 Too many ideas and comments shown at the same time.

screen.
6 7 5 Work was performed orderly. 65 0 0 0 Some contributions were duplicated.
7.5 10 5 History of ideas was easy to follow. 105 35 2 5 Considerable flow of ideas and feedback.
93 0 0 0 Relation between ideas and comments difficult to establish.
115 0 0 0 Related ideas are shown apart from each other.
48 25 2 3 Too many objects shown in the same window at the same
time.

73 25 3 2 Some comments were simply forgotten.

Q2: How easy was the software itself to use?

83 10 8 12 Easy to understand (Google Maps use). 65 1 0 2 Proximate comments are difficult to discern.

23 6 7 5 Immediate visualization of new comments. 7.3 0 0 0 Cannot see who deleted comments.

35 17 14 20 Reference of ideas in geographical context. 11 0 0 0 Lacks coordination support.

13 4 2 6 Use ofcolors. 105 0 0 0 Mapping and chatting unrelated.

35 145 13 16 Use of text and pictures. 13 35 3 4 Slow

1.8 45 5 4 Useoficons. 63 0 0 0 No private working space.

1.5 95 9 10 Easy access to ideas. 93 05 0 1 Hadtoimprovise in order to collaborate.

08 10 12 Searching. 85 1 0 2 Difficult to merge comments, ideas.
8 0 0 0 Communication is not primary focus.

Q3: How easy to use was the collaboration support?

38 155 13 18 Shared view of ideas. 128 1 0 2 Group had to develop alternatives for coordinating group

work.

1.3 11 13 9  Eases problem understanding. 115 0 0 0 Users can edit others’ contributions.

08 45 5 4 Facilitates view of task progress. 83 1.5 0 3 Tool inadequate for discussion support.

1.8 15 11 19 Permits asynchronous interaction. 48 2 3 1 Difficult to converge.

1.0 65 7 4 Easestime management. 85 1 0 2 Asymmetric participation.

05 35 3 4 Usescolors. 25 05 1 1 Lackofchat tool.
73 1 0 2 Lacks awareness mechanisms.

(Avg2 in Table 5) we can state that the mean values for the
frequency of positive comments is higher for the new appli-
cation. Also the mean values for the frequency of the negative
comments is lower, and in some cases nonexistent. Table 4
shows that for the majority of the negative aspects associated
with Q2, the number of negative comments is zero or close to
zero. Also the mean values for the frequencies of the negative
comments associated with questions Q1 and Q3 of the new
application are lower, and the positive comments doubled in
the new application for those given for the use Google Maps.
Therefore, we do not expect any negative aspects like dupli-
cate contributions, idea proposals separated from the associ-
ated commands for ranking and comments, deletion of ideas
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or comments by other students, lack of private workspaces,
and improvisation for supporting the decision-making
process.

As we expected, the results obtained show that the new
application performs better than Google Maps in supporting
the learning activity that was not very difficult to achieve since
Google Maps was not designed for that. A more interesting
result is that the new application does tackle the shortcoming
of Google Maps combined with other “off the shelf” software.
This is because its design requirements were mainly extracted
through an analysis of the use of Google Maps. Although the
first setting (Google Maps with other existing software) was
used and tested two times more than the new application,
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results are still valuable because they show a clear tendency in
favor of the new application.

We considered the usability of the new application an im-
portant aspect to evaluate since it will impact its acceptance and
use in the long term. The most important aspects to be evaluated
are the geo-referencing and microblogging mechanisms, since
these were the most negative in the first setting. Therefore, for
this new application we included five additional questions the
students had to answer after they completed the learning activ-
ity. These are: Q4: “The geo-collaborative application helped to
casily identify problems and solutions in the real context where
they occur”, which had to be answered with “I strongly dis-
agree”; “I disagree”, “I neither agree nor disagree”, “I agree” or
“I strongly agree” (a Likert scale with 5 levels). Q5: “I geo-
localized the information at”, which had to be answered with
“The same place where I geo-localized it”, “Remotely, without
having visited the place”, or “Remotely, after having visited the
place”. Q6: “The text introduced by my classmates allowed me
to clearly understand the problem”, Q7: “The way to introduce/
view comments and discussion of the proposals was clear
enough” and Q8: “The way I had to input and follow the dis-
cussion was uncomfortable”, which also had to be answered
like Q4. Table 6 shows the mean values for the frequencies
obtained for questions Q4 and Q5 that are related to the way
students georeferenced their proposals. Questions Q6, Q7 and
Q8 are related to the suitability of the microblogging structure
of the discussion for supporting the exchange of information

Table 6 Answers to the questions associated with the use of geo-
localization (Q4, Q5) and the microblogging mechanisms (Q6, Q7 y
Q8) implemented by the new application according to the answers of

necessary to present, comment, discuss and select the best pro-
posals. These questions were applied through a questionnaire to
all students that used the new application during the two semes-
ters of 2013. In QS5 students had to report on the most used way
to geo-reference their proposals: a) at the same place in real
time, using a mobile device, b) remotely, asynchronously, after
visiting the place and taking note and/or pictures, or c) remotely,
without having visited the place. Additionally, students were
asked to write their comments about other aspects of the appli-
cation, which were not covered by the questionnaire.

Looking at the results we can conclude that the application
allowed students to geo-reference their proposals in a proper
way, since 58 students agreed or strongly agreed with the
sentence “The geo-collaborative application helped to easily
identify problems and solutions in the real context where they
occur”. Fifteen neither agreed nor disagreed and only 3
disagreed or strongly disagreed.

Regarding the way the application was used to geo-
reference a proposal, there were only 25 that did it at the same
place in real time, 14 georeferenced the proposal and wrote its
title in the same place, but completed it afterwards remotely
and 37 did it in a completely remote manner. From our per-
spective, the application failed to promote instances of situat-
ed learning. Upon analyzing the answers to the open question,
we can partly explain that this was due to some students not
having had a Smartphone or a tablet, or in the case that they
did, they had no Internet access. Many of the students who

the students from first semester (S1) and second semester (S2) of the year
2013. N=Size of the sample

Q4: The geo-collaborative application helped to easily identify problems and solutions in the real context where they occur

N Semester Strongly disagree Disagree
32 S1 0 1
44 S2 0 2

Q5: 1 geo-localized the information at

Neither agree nor disagree Agree Strongly agree
6 22 3
9 29 4

N Semester The same place where I Remotely, without having visited the place Remotely, after having visited the place

geo-localized it

5

9

Neither agree nor disagree Agree Strongly agree
5 17 8

4 31 6

Neither agree nor disagree Agree Strongly agree
3 22 7
1 34 9

Neither agree nor disagree Agree Strongly agree
2 0 0

32 S1 10 17

44 S2 15 20

QO6: The text introduced by my classmates allowed me to clearly understand the problem
N Semester Strongly disagree Disagree

32 81 0 2

44 S2 0 3

Q7: The way to introduce/view comments and discussion of the proposals was clear enough
N Semester Strongly disagree Disagree

32 81 0 0

44 S2 0 0

Q8: The way I had to input and follow the discussion was uncomfortable

N Semester Strongly disagree Disagree

32 S1 11 19

44 S2 15 16

3 0 0
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declared that they georeferenced the proposal in the site but
completed it remotely afterwards said that they did this be-
cause it was easier to input text and select the proper photos on
a desktop computer and later, have time to analyze and reflect
on their findings. The mean number of characters used to
describe a proposal was 360, which explains the difficulty of
doing this in real time, on a smartphone or tablet.

Results obtained for Q6 let us know that the
microblogging-type structure for discussing the proposals
was well accepted by the students since only 5 students from
a total of 76 disagreed on the suitability of this mechanism.

Regarding Q7 we can say that most students agreed that the
comments and discussions of the proposals were clear
enough, which leads us to conclude that the microblogging
structure of the communication mechanisms offered by the
new application satisfy the virtual communication needs the
students require to collaboratively discuss and make decisions
about the proposals. The space available to input comments
and discussion (not to describe them) was 140, which images
the structure of the messages of the most popular
microblogging site — Twitter. However, they could enter lon-
ger messages if desired. The mean number of characters for
the messages was 220.

Finally, question Q8 was to validate Q7 since it addressed
the same idea, but was expressed in a negative way. For this
question we obtained results that are consistent with those
obtained for Q7.

6 Conclusions

From the literature review we learned that on the one hand,
microblogging has been successfully used to support collabo-
rative learning activities in which discussion among partici-
pants plays an important role. On the other hand, we have also
found that geo-localization and geo-visualization can be used
to implement interesting applications supporting collaborative
learning based on the Situated Learning theory. Inspired by
these findings, we have seen an opportunity to design a learn-
ing activity combining both, microblogging and geo-collabo-
ration, to help students from a business faculty to acquire soft
skills such as collaborative decision making, collaboration,
discussion, problem solving, etc., supported by information
technologies.

In the beginning, our approach was to use only the avail-
able free software on the web and standard software like text
editors and/or spread sheets. However, we soon observed that
using these applications independently of one another, stu-
dents had serious problems regarding information overload,
usability (ease of use), and lack of proper collaboration sup-
port. To clearly identify the problems we conducted a formal
and systematic study with the students. This study allowed us
to derive some important requirements for designing a more
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suitable application to support the learning activity. We also
derived some additional, general functional requirements from
the literature about decision making like: (1) supporting infor-
mation gathering and brainstorming in a divergent mode is
required in a first stage. (2) Support for finding alternatives,
information processing and commenting the proposed alter-
natives was necessary at a second stage. And (3) support for
making choices in a convergent mode was necessary in a third
stage, for which we added the microblogging-type communi-
cation services.

After defining the design requirements we built a new geo-
collaborative application that includes geo-referencing and
microblogging to support the learning activity. After two se-
mesters evaluating the new application, we obtained positive
results compared them with results obtained from the previous
scenario supported by Goggle Maps and software “off the
shelf”.

The evaluations applied to the learning activities carried
out were performed to test the usability of the technical scaf-
folding development and not its utility. Learning achievement,
motivation, quality of the proposals and their solutions are not
in the scope of this article and will be matters for future work.
According to our understanding, the results of this article
should be regarded separately from the research aimed at eval-
uating the learning outcomes. This work possesses more of an
exploratory character since we wanted to first obtain informa-
tion necessary to develop suitable technological scaffolding
for the learning activity that will allow for measuring the qual-
ity and benefits of applying the new application.

The main contributions of this work are the following:
first, we conceived a learning activity and a supporting
application that allows students to train their skills in
identifying and understanding IT developments and
knowing how to apply them to business management in
organizations, as specified by the International Associa-
tion to Advance Collegiate Schools of Business AACSB
(AACSB 2014). This activity also allows students to de-
velop some soft skills, like collaborative decision making,
by proposing ideas, discussing them and choosing the best
ones collaboratively. According to the literature, this ap-
proach (combining microblogging with geo-collaboration)
has not been implemented yet. Second, we present a pro-
cedure for designing a geo-collaborative application based
on first observing how users perform with existing appli-
cations that meet some of the requirements and, according
to this observation, we derive which functionality is miss-
ing or can be improved. Results from evaluations tend to
confirm that we developed and an effective tool for
supporting this particular learning activity.

An additional contribution of this work is to present an
example of the use of software available on the web (by using
Google Maps services) for different learning styles as reported
in the literature. Instead of using services as they are offered,
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we propose combining them in a new application that can be
tailored to meet the requirement of a specific learning activity,
taking advantage of the characteristics of cloud computing for
learning (Mousannif et al. 2013) and getting rid of at least
some of its draw backs and hopefully not introducing new
ones. Technical details on how to easily implement applica-
tions in this way can be seen in (Zurita et al. 2014).

Finally, we think that the geo-collaborative application pre-
sented here can also be used in organizations as a tool for
supporting the identification of new business opportunities,
products or services based on IT use.
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