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    Chapter 10   
 Situated Learning Theory and 
Geo- collaboration for Seamless Learning 

                Gustavo     Zurita      and     Nelson     Baloian    

    Abstract     Situated learning stresses the importance of the context in which learning 
takes place. It has been therefore frequently associated with informal learning or 
learning outside the classroom. Therefore, this theory offers an excellent basis for 
developing applications supporting collaborative learning activities implementing 
seamless learning. In this chapter, we present and analyze two applications designed 
with the principles of situated learning, which implement learning activities taking 
place inside and outside the classroom without interruptions of either learning 
methodology or technical platforms. The fi rst one supports the learning of models 
for wireless signal propagations. It starts with a classroom activity for learning the 
theoretical models, and then a fi eld trip is used to measure actual signal strengths 
and compare them with the data generated by the models. The second one is a learning 
system and a methodology based on the use of patterns. Students learn about 
patterns by fi nding instances of them in the fi eld or by recognizing new patterns 
unknown to them so far. The teacher proposes tasks to the students consisting of 
fi nding instances of patterns or discovering new ones along a path or inside a pre- 
defi ned area on a map. Both systems support the features of seamless learning 
across various scenarios in and outside the classroom, due to the encompassing 
formal and informal learning, personalized and social learning, physical and virtual 
worlds, across time and location, and ubiquitous knowledge access by context- 
aware in real learning scenarios.  
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        Introduction 

 Situated learning is a general theory of knowledge acquisition that emphasizes the 
importance of the activity, the context, and the culture in which learning occurs 
(Lave and Wenger  1991 ). Social interaction is another critical component of situated 
learning; learners become involved in a “community of practice” which embodies 
certain beliefs and behaviors to be acquired. Educational technologists have been 
applying the notion of situated learning over the last two decades, in particular pro-
moting learning activities that focus on problem-solving skills (Kurti et al.  2007 ; 
Miura et al.  2010 ; Vanderbilt  1993 ) and the use of GPS data to pinpoint geographical 
locations (Clough  2010 ). In this work, we also consider the geographical location as 
an important context component which enriches the information the students are 
dealing with. In fact, in many scenarios the knowledge is inherently attached to the 
location where it is applied. One example may be a particular geological formation 
being studied or an architectural pattern which may shed some light about the 
development of a city revealing the data and architectural trends which prevailed 
when certain buildings where constructed. 

 The notion of “cognitive apprenticeship” (Brown et al.  1989 ) is also closely 
related to “situated learning” as: “Cognitive apprenticeship supports learning in a 
domain by enabling students to acquire, develop and use cognitive tools in authentic 
domain activity. Learning, both in and outside school advances through collaborative 
social interaction and the social construction of knowledge.” 

 Now, the integration of one-to-one computer-to-learner models of technology 
enhanced by wireless mobile computing and position technologies provides new 
ways to integrate indoor and outdoor learning experiences. The notion of “seamless 
learning” (Wong and Looi  2011 ) has been proposed to defi ne these new learning 
situations that are marked by a continuity of learning experiences across different 
learning contexts. Students, individually or in groups, carry out learning activities 
whenever they want in a variety of situations and that they switch from one scenario 
to another easily and quickly. In these learning situations, learners are able to examine 
the physical world by capturing sensor and geo-positional data and conducting 
scientifi c inquiries and analyses in new ways that incorporate many of the important 
characteristics suggested by situated learning. 

 In this chapter, we describe our current research efforts that include the design of 
a learning environment that integrates mobile applications and geo-collaboration 
tools in order to support seamless learning based on the Situated Learning theory. 
Learning activities in these settings take place in and outside the classroom and 
encourage students to collect data in the fi eld in order to fi nd, relate, and document 
patterns of any nature. An important element of the collected data is the geographical 
location where instances of the pattern being learned are located.  
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     Situated and Seamless Learning Activities 
Supported by Geo-localization 

    Situated Learning and Geo-localization 

       Some interesting applications supporting learning activities guided by situated 
learning making use of geo-referenced data over maps and mobile devices have 
been developed in the past years (see Table  10.1  for examples). Few of them rely 
upon geo-localization features that characterized Geographic Information Systems 
(GIS). A GIS offers several functionalities, such as associating by geo-reference 
information of different nature to a specifi c geographic location using visually 
represented maps; recording the history of routes; making notes on real geographic 
points of reference, places, or zones; determining routes; comparing different notes 
made in different locations; following certain locations; etc. These different functionalities 
and information layers certainly may introduce an added value to situated learning 
applications supported by geo-localization, as they allow to make connections 
between places, content, learning activities, and learners.

   Therefore, collaborative activities can be introduced in situated learning scenarios 
and also to providing the seamless learning features by letting participants collaborate 
geo-reference information, as well as solving tasks in particular locations taking 
advantages of the affordances of mobile technologies. Students may collaboratively 
work at the same time and in the same place, at the same time and in different 
places, at different times in the same place, or at different times in different places. 
These types of collaborative activities have not been widely explored yet in situated 
learning settings since most of the research efforts have only focused on one or 
another modality. Moreover, few efforts consider the benefi ts of other learning 
modalities like personalized and social learning, encompassing physical and digital 
worlds, ubiquitous knowledge access, combining use of multiple device types, 
knowledge synthesis, or learning with patterns (Wong and Looi  2011 ). 

 Lave and Wenger ( 1990 ) suggest that learning is better off when knowledge is 
presented in an authentic context, i.e., settings and applications that would normally 
involve that knowledge. They also claim that learning requires social interaction 
and collaboration. Brown et al. ( 1989 ) list a set of procedures that are characteristic 
to cognitive apprenticeship in a situated learning context: starting with a task embedded 
in a familiar activity which shows the students the legitimacy of their implicit 
knowledge and its availability as scaffolding in apparently unfamiliar tasks, allowing 
students to generate their own solution paths which helps make them conscious 
creative members of the problem-solving context, and helping students to acquire 
some of the culture’s values. In order to make the ideas guiding situated learning, it 
is necessary to identify its critical aspects in order to enable it to translate into teach-
ing and learning activities that could be applied inside and outside the classroom 
(Brown et al.  1989 ). In response to this challenge, Herrington and Oliver ( 2000 ) 

10 Situated Learning Theory and Geo-collaboration for Seamless Learning



184

     Ta
bl

e 
10

.1
  

  C
ha

ra
ct

er
iz

at
io

n 
of

 r
ep

re
se

nt
at

iv
e 

re
se

ar
ch

 p
ro

je
ct

s 
us

in
g 

ge
o-

co
lla

bo
ra

tiv
e 

si
tu

at
ed

 l
ea

rn
in

g 
ap

pl
ic

at
io

ns
. 

R
1 

to
 R

9 
ro

w
s 

co
rr

es
po

nd
 t

o 
th

e 
re

qu
ir

em
en

ts
 o

f 
si

tu
at

ed
 le

ar
ni

ng
 a

pp
lic

at
io

ns
 d

es
cr

ib
e 

ab
ov

e   

 R
ef

er
en

ce
 

 M
at

til
a 

an
d 

Fo
rd

el
l (

 20
05

 ) 
 O

ga
ta

 e
t a

l. 
( 2

00
6 )

 
 K

ur
ti 

et
 a

l. 
( 2

00
7 )

 
 W

ije
rs

 e
t a

l. 
( 2

00
8 )

 
 B

ah
ad

ur
 (

 20
09

 ) 
 M

iu
ra

 e
t a

l. 
( 2

01
0 )

 
 E

dg
e 

et
 a

l. 
( 2

01
1 )

 

 Pl
ac

e 
 O

ut
si

de
/in

si
de

 th
e 

cl
as

sr
oo

m
. 

 O
ut

si
de

/in
si

de
 th

e 
cl

as
sr

oo
m

. 
 O

ut
si

de
/in

si
de

 th
e 

cl
as

sr
oo

m
 

 O
ut

si
de

 th
e 

cl
as

sr
oo

m
 

 O
ut

si
de

 th
e 

cl
as

sr
oo

m
 

 O
ut

si
de

 th
e 

cl
as

sr
oo

m
 

 O
ut

si
de

 th
e 

C
la

ss
ro

om
 

 O
bj

ec
tiv

e 
 L

ea
rn

in
g 

in
 a

 
m

ob
ile

 s
ce

na
ri

o 
by

 s
ha

ri
ng

 
ob

se
rv

at
io

ns
 

 To
 le

ar
n 

Ja
pa

ne
se

 
in

 r
ea

l-
lif

e 
si

tu
at

io
ns

 

 E
nh

an
ce

 c
on

te
nt

 o
f 

th
e 

cu
rr

ic
ul

a.
 

E
nr

ic
hi

ng
 th

e 
fi e

ld
 

ex
pe

ri
en

ce
 

 G
am

e 
le

ar
ni

ng
 

to
 a

na
ly

ze
 a

nd
 

le
ar

n 
m

at
h 

pr
ob

le
m

s 

 G
am

e 
le

ar
ni

ng
 

th
ro

ug
h 

pa
rt

ic
ip

at
io

n 
an

d 
pr

ob
le

m
 s

ol
vi

ng
 

 E
as

ily
 r

ec
or

d 
an

d 
sh

ar
in

g 
of

 
kn

ow
le

dg
e 

us
in

g 
m

ap
s,

 s
ke

tc
he

s 

 To
 le

ar
n 

M
an

da
ri

n 
in

 
re

al
 s

itu
at

io
ns

 

 U
se

rs
 

 Pr
im

ar
y 

an
d 

se
co

nd
ar

y 
sc

ho
ol

 
st

ud
en

ts
 

 20
–3

0-
ye

ar
-o

ld
 

us
er

s 
 4t

h 
an

d 
5t

h 
gr

ad
e 

st
ud

en
ts

 
 12

–1
4-

ye
ar

- 
ol

d 
st

ud
en

ts
 

 Se
co

nd
ar

y 
st

ud
en

ts
 

 Si
xt

h 
gr

ad
er

s 
st

ud
en

ts
 

 23
–4

2 
ye

ar
s 

ol
d 

us
er

s 

 Te
ch

no
lo

gy
 

 M
ob

ile
 p

ho
ne

s 
w

ith
 c

am
er

as
 

 PD
A

 w
ith

 G
PS

, 
B

lu
et

oo
th

. W
i-

Fi
, 

an
d 

sm
ar

t b
oa

rd
 

 N
ok

ia
 6

63
0 

w
ith

 
G

PR
S 

co
nn

ec
tio

n 
an

d 
H

P 
iP

A
Q

 6
51

5 
w

ith
 G

PS
 

 M
ob

ile
 p

ho
ne

 
w

ith
 a

 G
PS

 
re

ce
iv

er
 

 L
ap

to
ps

 w
ith

 
G

PS
 r

ec
ei

ve
r 

an
d 

G
oo

gl
e 

m
ap

s 

 Ta
bl

et
 P

C
, a

 
U

SB
 c

am
er

a,
 

an
d 

G
PS

 
re

ce
iv

er
 

 iP
ho

ne
 w

ith
 

G
PS

 

 C
ol

la
bo

ra
tiv

e 
m

od
e 

 Sa
m

e 
tim

e,
 

di
ff

er
en

t p
la

ce
s 

be
tw

ee
n 

st
ud

en
ts

 
an

d 
te

ac
he

r 
us

in
g 

a 
vo

ic
e 

ch
an

ne
l 

 Sa
m

e 
tim

e,
 s

am
e 

pl
ac

e,
 a

nd
 

di
ff

er
en

t p
la

ce
s 

am
on

g 
us

er
s 

an
d 

te
ac

he
r 

 Sa
m

e 
tim

e,
 p

la
ce

 
am

on
g 

st
ud

en
ts

, 
di

ff
er

en
t p

la
ce

 a
nd

 
tim

e 
be

tw
ee

n 
st

ud
en

ts
 a

nd
 te

ac
he

r 

 Sa
m

e 
tim

e,
 

sa
m

e 
pl

ac
e 

 Sa
m

e 
tim

e,
 s

am
e 

pl
ac

e,
 a

nd
 

di
ff

er
en

t p
la

ce
s 

am
on

g 
st

ud
en

ts
 

 St
ud

en
ts

 in
te

ra
ct

 
an

d 
sh

ar
e 

w
ith

 
di

ff
er

en
t r

ol
es

. 
Sa

m
e 

tim
e,

 s
am

e 
pl

ac
e 

 N
ot

 s
pe

ci
fi e

d 

 R
1 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 R
2 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 R
3 

 √
 

 R
4 

 √
 

 √
 

 R
5 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 R
6 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 R
7 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 √
 

 R
8 

 √
 

 √
 

 √
 

 R
9 

 √
 

 √
 

G. Zurita and N. Baloian



185

suggest a practical framework for designing situated learning activities including 
the following situated learning requirements:    

   R1. Provide authentic contexts refl ecting the way knowledge is used in real life.  
  R2. Provide authentic activities.  
  R3. Provide access to expert performances and the modeling of processes.  
  R4. Provide multiple roles and perspectives.  
  R5. Support collaborative construction of knowledge.  
  R6. Promote refl ection to enable abstractions to be formed.  
  R7. Promote articulation to enable tacit knowledge to be made explicit.  
  R8. Provide coaching and scaffolding by the teacher at critical times.  
  R9. Provide for authentic assessment of learning within the tasks.    

 Recently, a few situated learning applications that rely on geo-collaboration have 
been tested, and they are described below. Table  10.1  presents a selection of related 
research efforts in this fi eld ranging from 2005 until today, which include the usage 
of mobile devices and geo-localization over maps. 

 Moop (Mattila and Fordell  2005 ) is a learning environment supported by mobile 
phones, through which learners analyze their thoughts and make observations. It has 
been designed for primary school children and has the following tools: a control for 
a camera, a video camera and a voice recorder. When a GPS-locator is connected, 
the location information will follow observations automatically. A location-bound 
task course is created with the help of a GPS locator, and a user can easily proceed 
on course to reach the set goals. Planning the route with the Moop’s map view 
allows for a variety of learning situations and study plans. With the teacher applica-
tion it is possible to plan the route directly live on course in the nature and in the 
observation place. 

 LOCH (Ogata et al  2006 ) describes a computer-supported ubiquitous learning 
environment for seamsless language learning   . It was conceived to assist overseas 
students to learn Japanese while involved in real-life situations. Students can make 
use of their PDAs for writing down annotations, recording questions, taking pic-
tures, and reporting back to the teacher. At anytime, the teacher is monitoring the 
position of the students and can establish communication with them, either through 
instant messaging or IP phone, both preinstalled on the PDA. 

 In AMULETS (Kurti et al.  2007 ), children use a mobile application with GPS to 
learn about “tree morphology” and “the history of the city square    through centu-
ries.” The system challenges the students to identify different types of objects and 
conducting some tasks including recording still images and video describing how 
they solved the tasks they were assigned. In order to solve these problems, students 
are required to collaborate using a number of tools including instant text messaging 
between smartphones and computers. 

 MobileMath (Wijers et al.  2008 ) is designed to investigate how a modern, social 
type of game can contribute to students’ engagement in seamless math learning   . It is 
played on a mobile phone with a GPS receiver. Teams compete on the playing fi eld 
by gaining points by covering as much area as possible. They do this by construct-
ing squares, rectangles or parallelograms by physically walking to and clicking on 
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each vertex (point). During the game, in real time the locations of all teams and all 
fi nished quadrilaterals are visible on each mobile phone. 

 The treasure hunt game (Bahadur and Braek  2009 ) has been developed as a case 
study to help analyzing a specifi c domain and designing a generic and fl exible 
platform to support situated collaborative learning. Students go around the city and 
learn how to participate in several social/group activities. 

 In SketchMap (Miura et al.  2010 ), children carry a PDA and create a map using 
a stylus pen by drawing streets and placing icons such as hospitals or municipal 
offi ces. Using a USB camera attached to the tablet PC, children can capture an 
image or a video which is shown as an icon. The icon can be dragged from the palette 
to anywhere on the map. The system supports refl ection by allowing the children to 
replay their map creation processes. Annotations on the maps allow children to add 
new information or experiences, related to what they have discovered after their 
outdoor activities. The children can collaboratively share information and knowledge 
about neighboring areas in the vicinity of their school. 

 In Micromandarin (Edge et al.  2011 ), a database of English-Chinese translations 
associated with their context of use was created. This application supports key func-
tions: studying language based on where you are, using language you have learned 
based on where you are, and browsing all language you have seen through the 
application. 

 Based on the information shown in Table  10.1 , we can conclude that from the 
requirements stated by (Herrington and Oliver  2000 ), the less frequently considered 
are the access to expert performances and the modeling of processes (R3), the 
coaching and scaffolding by the teacher at critical times (R8), and the authentic 
assessment of learning within the tasks (R9). 

 In the next sections, we present two applications based on the principles of situ-
ated learning supporting seamless learning across various scenarios in and outside 
the classroom.  

    Seamless Learning in Situated Learning 

    We consider that mobile geo-collaboration is an interesting option for designing 
computer-supported learning applications implementing seamless learning complying 
with the principles proposed by Wong and Looi    ( 2011 ) in the following way:

    SL1.     Bridging formal and informal learning .    The teacher may complement the 
theoretical educational content seen in the classroom (formal learning) with 
activities outside the classroom (informal learning). These activities may 
involve geo-location of data referring to the educational content by marking 
them on a map, carrying an historical record, and comparing the points, 
places, or geographical zones which students explore by themselves or visit 
by instruction of the teacher.   

   SL2.     Bridging personalized and social learning    . Students can perform learning 
activities individually, in small groups, by ad hoc networked group forming, 
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and collaboratively; all these modalities may be confi gurable and combinable. 
For example, an activity might start by performing individual work and then 
evolve to a collaborative, face-to-face one. Moreover, the teacher may offer 
feedback synchronously or asynchronously, while students are engaged geo-
localizing information in the fi eld or afterwards.   

   SL3.     Bridging across time     , across locations    . Students can move across various geo-
graphical places anytime in order to perform the tasks proposed by the teacher. 
They can also work collaboratively synchronously or asynchronously. The 
teacher may provide feedback synchronously or asynchronously as well. By 
making use of the current services available in the cloud (e.g., Google Maps, 
Google Street View), students may work in the fi eld or virtually visiting a cer-
tain place.   

   SL4.     Encompassing physical and digital worlds . Theatrical knowledge acquired in 
the classroom by means of “digital worlds” (simulation, models) can be 
checked and/or used in “physical and real worlds,” for example, by searching 
concrete instances explained by the models.   

   SL5.     Ubiquitous knowledge access . This means students can pull or push informa-
tion from the Internet when learning is taking place in a specifi c geographic 
location. In this way, the contextualized information (to and from the stu-
dents) can serve as evidence to support partially formed ideas and clarify 
misunderstandings, to trigger comparison with previously stored data, and to 
support an inquiry process or dialogue in situ. The contextual information 
pulling (buildings, parks, museums, etc.) can be provided by the place where 
the students are developing their activities (by the use of the GPS functional-
ity of the mobile devices).   

   SL6.     Encompassing physical and digital worlds .    It is possible to combine digital 
and physical worlds with ambient environments that capture real-world infor-
mation of users, devices, and locations (geographical information systems) 
and represent it in a format that is usable in the digital realm.   

   SL7.     Combined use of multiple device types    . An alternative to cope with the problem 
of the various existing mobile platforms that are incompatible (Android, IOS, 
BlackBerry OS, Symbian OS, Windows Mobile) is the use of open standards 
for developing applications capable of running on a browser. HTML5 has 
features like offl ine storage or the ability to handle data even when the app is 
no longer connected to the internet, geo-location, or the ability to detect and 
work with the location of the user as well as excellent rich media support, 
providing easy to implement audio and video elements. We propose the use of 
HTML5 to implement the functionalities, which we are mentioning here.   

   SL8.     Bridging multiple learning tasks    . This feature is about seamless and perhaps 
rapid switches between multiple learning tasks on the move (e.g., during fi eld 
trips), mediated by the device. The tasks that we propose strike a balance 
between the restricting in situ activities (data collection and measurement, quick 
brainstorming or Internet search, brief note taking and geo-referencing 
data and information) to more sophisticated data analysis and knowledge co-
construction tasks (i.e., deep meaning making) for the follow-up learning 
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community after the fi eld trips. The embodiment of such inquiry tasks in 
mobile seamless learning fl ows could serve a   s a means to nurture the twenty-
fi rst century skills and competencies.   

   SL9.     Bridging knowledge synthesis    . The ultimate aim of embracing seamless learn-
ing is arguably the synthesis of knowledge and the acquiring of the skills to 
perform the synthesis. We propose to implement functionalities to acquiring 
data in different contexts, locations, domains and forms and recording, orga-
nizing, processing and refl ecting upon the knowledge. This will be mediated 
by    him/her own mobile device that serves as a learning hub, thereby making 
connections and perhaps identifying discrepancies between pieces of knowl-
edge and ultimately knowledge construction.    

In the next two sections of this chapter, we introduce two applications designed with 
the principles of situated learning, which implement learning activities taking place 
inside and outside the classroom. The fi rst one (section  “Geo-collaborative application 
for learning wireless signal propagation” ) supports the learning of models for wireless 
signal propagations. The second one (section  “Geo-collaborative application for 
“learning with patterns”” ) is a learning system and a methodology based on the use 
of patterns. Students learn about patterns by fi nding instances of them in the fi eld or 
by recognizing new patterns unknown to them so far. Both systems support the 
features of seamless learning across various scenarios in and outside the classroom. 
They highly relay on the use of geo-located data to carry on the learning activity. 
They address the three requirements (R3, R8, and R9), which are more neglected by 
the similar applications considered in the literature review.   

     Geo-collaborative Application for Learning 
Wireless Signal Propagation 

    Many scholars agree that teaching and learning wireless communication is a chal-
lenging issue mainly because it is diffi cult for students to translate the theoretical 
models that are commonly used in this area to explain the propagation of the signal 
into explicit, practical knowledge (Etter  1994 ; Junqi et al.  2009 ). This knowledge is 
essential order to be able to plan wireless networks settings, which is a fundamental 
activity for this area. From a pedagogical perspective, situated learning offers an 
interesting framework to support the translation of abstract, theoretical knowledge 
into concrete skills by applying knowledge in realistic settings and carrying out 
authentic activities (Denk et al.  2007 ). 

 In wireless network planning, engineers must determine the location of a set of 
transmitters (antennas) and their characteristics, like transmission power, frequency, 
direction, etc., in order to cover an area using the minimum of resources (Yijia 
 1996 ). In order to do this, engineers normally use software, which simulates using 
mathematical models the propagation of the signal emitted by a transmitter. There 
exist various models that simulate the propagation under various landscape condi-
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tions (urban areas, suburban areas, mountainous areas, fl at countryside areas, etc.) 
(Iskander and Yun  2002 ; Santos et al.  2005 ; Hata  1980 ). Choosing the right model 
for each situation is not an easy task because some scenarios may combine various 
landscape types at the same time. Therefore, planning the network requires performing 
real measurements at various locations in order to check if the applied model 
predicted the propagation correctly. Otherwise it will be necessary to correct the 
assumptions. It is important that engineering students understand the diffi culty in 
choosing the right model and that the chosen model may not apply for the whole 
area which they are considering for simulating the signal propagation. 

 Situated learning recommends that students perform these modeling activities in 
a real environment with the help of an expert and having the opportunity to refl ect 
about the learning experience. Collaboration is also considered by the situated 
learning to be an important aspect that should be present in this process. 

 The design and deployment of large-scale wireless networks consisting of 
various antennas providing a certain area with service, using minimum resources 
constitutes a real engineering activity actually performed by professionals of this 
area. This process has three stages: planning, implementation, and evaluation. 

 The  planning  stage is performed using cartographic information about the area, 
which should be covered with the signal emitted from the set of antennas, and using 
a signal coverage simulation tool. This activity consists of locating a set of antennas 
and simulating the area covered by them using available simulation software. 
Normally, software of this kind implements various electromagnetic signal 
propagation models and allows the user to choose which one to utilize in each case. 
The  implementation  stage consists on building the network of antennas based on 
the planning stage. Finally, the  evaluation  stage consists on measuring with real 
instruments that is the actual coverage of the signal by taking samples of the signal 
strength in various geographical strategic points. The information obtained from the 
measurements is gathered and contrasted with the data obtained by the simulation 
during the planning stage in order to make the necessary adjustments to the network 
for obtaining the desired results. 

 Starting from the described activity taken from the real life, a learning activity 
was designed based on the Situated Learning theory, which mainly consists in carrying 
on the evaluation stage. For this, we defi ned two roles: planner and measurer. For 
each role a specialized tool was developed in order to support their activities. 

 The learning activity envisages two sessions: the fi rst one is the theoretical 
session where students learn in a classroom setting the various existing models for 
simulating the signal propagation. During the second session a practical workshop 
is performed which starts by defi ning working groups consisting of four students 
each. Two of them take the role planners and the other two the role of measurers. 
The tasks to be performed are also divided in two stages: the fi rst one is the  input of 
data  stage and the second one the  evaluation  stage. 

 During the  input of data  stage  planners  will make a signal coverage analysis for a 
set of existing real antennas using a signal coverage simulation tool (see Fig.  10.1 ) and 
a collaboration tool (see Fig.  10.3 ). Both tools have two different interfaces imple-
mented, one designed to be used on a desktop PC and the other to be used on mobile 
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devices (see Fig.  10.2 ). Students get the necessary information about the antennas in 
order to perform the simulation like the geographical location, height, strength, radia-
tion pattern, etc. This information is used to feed the signal coverage analysis soft-
ware, which actually performs the simulation after students choose the propagation 
model they consider is the most adequate given the cartographic information provided 
by Google Earth. Once the simulation is performed and simulated data about the sig-
nal strength for the whole area is obtained, students receive a set of coordinates of 
various geographical points, which they have to input into the collaboration tool along 
with the data about the simulated signal strength for each of these points.

    During this stage the  measurers  have to go to the places designated by the 
 coordinates, which were given to the  planners . At those places,  measurers  use pro-
fessional signal strength tools to obtain the corresponding information of the real 
signal strength at that location. Then, they input this data using the collaboration 
tool in order to share it with the rest of the team. 

  Fig. 10.1    Coverage analysis tool on desktop browser with the 2D ( up ) and 3D ( bottom ) views. 
The  white  marker on both views represent the location of the antenna. The  light green  area of the 
2D view corresponds to the area covered with signal according to the simulation model       
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 During the  evaluation  stage,  planners  and  measurers  work using a collaboration 
platform we have developed (a detailed description is provided in the next section) 
in order to fi nd which is the model that better predicts the real measured value of the 
signal strength by comparing both data: the simulated and the measured. However, 
students will realize that there is no single model, which predicts the real value for 
the whole area. The actual learning occurs when students have to justify the reason 
for this, by checking the different geographic and building scenarios in site. The 
system allows them to input and browse the simulated and real data in order to com-
pare them and start discussion. 

    The Software and Hardware 

 As mentioned in the previous section the software consists of two applications, one 
for each role. These are the coverage analysis tools for planners and the collabora-
tion tool, which is used in both steps by both roles. The fi rst one was already devel-
oped for a previous work reported in (Baloian et al.  2012 ) for supporting a learning 
activity for a single learner scenario. The collaboration tool interacts with the cover-
age analysis tool and was developed in order to enhance the learning experience by 
including the collaborative learning activities in the way the Situated Learning the-
ory recommends. 

  Fig. 10.2    The picture on the  left  shows the upper half of the mobile device’s interface. The map 
on the  top  shows the student’s current position according to the device’s GPS. The map on the  bot-
tom  shows the antenna’s location. On the  right , the bottom half of the interface shows the signal 
strength values according to each available model is displayed       
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    Coverage Analysis Tool 

 This tool has two interfaces, one for desktop computers and another for mobile 
devices. The desktop interface supports the planning activity in the classroom 
that includes performing simulations and storing the generated data. The mobile 
interface is designed to provide the simulation data while working on the fi eld. 

  The desktop interface has four main features: 

    Add transmitter : The goal of this feature is to provide an easy way to perform the 
planning step, using a 2- and a 3- dimensional map. The 2D map is used to 
specify an approximate location of the antenna. This map is synchronized with 
the 3D view (see Fig.  10.1 ). After this, the antenna can be set with a double click 
on the 3D view. Then, the technical specifi cations of the transmitter can be fi lled 
in a pop-up form (not shown in Fig.  10.1 ), which includes the propagation model 
to be used in the simulation.  

  Fig. 10.3    The desktop web browser interface is used to input simulated or measured signal 
strength values for various locations. For this the user clicks on the map and enters the information. 
Screen icons indicate a simulated value for that location was inputted; antenna icons indicate a 
measured value. On the  left  column, detailed information for each data on the map is shown       
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   Edit a transmitter : In order to allow students to test different models, the specifi cations 
of a transmitter can be edited.  

   Radiation pattern : Each type of transmitter has a specifi c radiation pattern, which 
defi nes the transmission power on a specifi c direction. This is an important 
parameter for simulating the signal strength.  

   Evaluate the spatial coverage : This function performs the actual simulation by 
computing the signal strength in the whole area by applying the selected propa-
gation model for that antenna.    

 The mobile interface allows students to retrieve the simulated signal strength values 
at the current location according to all available models while students are working on 
the fi eld. First, the Select antenna function should be performed in order to choose the 
antenna from the available set according to which the signal strength should be computed. 
Then the GetPosition button should be pressed in order to let the system retrieve the 
current position of the student with the mobile device using the GPS of the mobile 
device. Then the system shows the simulated signal strength emitted from the selected 
antenna at the device’s position according to all available models. Figure  10.2  
illustrates the system’s interface for the mobile devices. At the right-hand side, the 
simulated signal strength according to the available models is displayed. At the left-
hand side, the mobile device’s position (where the student is current standing) and 
the selected antenna position are shown. By clicking on the button labeled with the 
model’s name, more information about the simulation results is displayed.  

    The Collaboration Tool 

 This tool has also two interfaces, one for desktop and another for mobile devices. 
The desktop interface is used during the planning activity in the classroom, and the 
mobile is the collaboration tool that is used on the fi eld while students are measur-
ing the signal strengths. The desktop version has two features: report a simulation 
value and vote for a measurement or simulation. The mobile has three features: 
report a measurement, and vote for a measurement or simulation.

    Report a simulation  (available on desktop version only): Students publish the simulated 
signal strength for a certain location. The goal of this procedure is to have the 
values available for the evaluation step, in order to allow students to compare this 
value with the measured one (see Fig.  10.3 ).

      Vote  (available on desktop and mobile versions): During the evaluation step students 
have to choose the most adequate model to predict each measured value of the 
signal’s strength. While planners have better information about the simulation 
results and the geographical characteristics of the area between the antenna and 
the device position, measurers have on-site information about the local conditions 
for a certain point. Both actors can use the voting system to express their prefer-
ence for one model or the other according to their information.  

   Report a measurement  (on mobile version only): This functionality allows students 
on the fi eld (measurers) to publish measured values to the rest of the group 
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(other measurers and planners). The measurer fi rst obtains the signal strength 
with a measuring device. In order to publish this value, the button labeled with 
Signal should be pressed, then the value should be typed in and the Report button 
pressed. The system automatically adds the location information using the GPS 
feature of the mobile device and shows it on a map.       

     Geo-collaborative Application for “Learning with Patterns” 

    Patterns play a signifi cant role in learning. Research fi ndings in the fi eld of learning 
psychology provide some indications that human learning can be explained by the 
fact that learner discover, register, and later apply patterns (Ewell  1997 ; Howard 
et al.  1992 ; Restle  1970 ). These cognitive processes “involves actively creating 
linkages among concepts, skill elements, people, and experiences” (Ewell  1997 ). 
For the individual learner, the learning process involves “making meaning’ by establish-
ing and re-working patterns, relationships, and connections” (Ewell  1997 ). 

    Learning with Patterns 

 Patterns are recurring models and often are presented as solutions for recurring 
problems. Natural sciences, mathematics, and arts also work with patterns. The 
exact use of the term, however, varies from discipline to discipline. The fi rst formal-
ization of pattern description and their compilation into networks of “pattern 
languages” was proposed by Alexander et al. ( 1977 ). A pattern consists of a set of 
components including the name of the pattern, the description of the problem 
it solves, the solution to this problem, an example, and the relations it has to other 
patterns. This approach has been adopted by many disciplines like architecture, 
software development (Erich et al.  1995 ), interaction design (Borchers  2000 ), and 
pedagogy (The Pedagogical Pattern Project  2013 ). Although the evidence that 
patterns play an important role in learning, they have seldom been used to support 
the development of cognitive and social skills apart from the fi eld mathematics. 
Here we show how this concept can be further be used to support learning.  

    Application Description 

    Based on the information described in the previous paragraph, we have developed a 
prototype of a system to support geo-collaborative learning activities    that include 
collecting data on the fi eld in order to fi nd evidence of previously known patterns, 
for example, knowing the patterns of neoclassical architecture found in the city or 
discovering patterns starting from the evidence found in the fi eld (e.g., studying the 
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reasons of why certain patterns of trees appear more often in city parks). According 
to the specifi c scenario described in the next paragraphs, the following functionalities 
for a system supporting them have been identifi ed:

    Creating patterns : To create a pattern means to defi ne its components, describing its 
elements: name, description, context, etc. For each pattern, these components 
are annotated over the map by freehand writing (see Fig.  10.4 ). Additional 
multimedia objects (pictures, videos, etc.) can be associated to the description of 
the pattern.

      Creating tasks : Teachers can create tasks consisting of instructions to be given to the 
students, containing the description of activities and their corresponding instruc-
tions annotated over the map with a specifi c path (left of Fig.  10.5 ) or to ran-
domly explore a pre-defi ned area within the city in order to fi nd evidence of 
patterns (right Fig.  10.4 ) or visit specifi cally marked places (right of Fig.  10.5 ). 
Therefore, the teacher can defi ne a path, an area, or mark points by freehand 

  Fig. 10.4    Teacher’s view of the system.  Left : pattern creation of a “Palma Chilena” with a picture 
of it that is geo-localized in the exact locations where they are found.  Right : pattern creation of a 
“Jacaranda,” whose picture illustrates an example and also the region where they are found, which 
is indicated on the map       

  Fig. 10.5    Teacher’s view of the system for the task defi nitions, which are made by following a 
path ( left ) and marking specifi c locations ( right ) in which the students need to work with       
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sketching the limits of it onto the map. Consequently, the task for the students 
will consist of exploring a geographic area by following a path, randomly visiting 
a concrete area, or specifi cally visiting marked locations, in order to collect 
data about the instances of a pattern. Furthermore, the teacher can associate 
previously defi ned patterns to the task or create new ones inside the task creation 
process. Figure  10.2  shows the creation of various tasks and their associations of 
these to the corresponding pattern(s).

      The teacher can create these patterns and tasks during the class, as they are 
 presented to the students before using an electronic board or projecting the screen 
of a touch-sensitive computer to the whole class.

    Assigning tasks to students : In the classroom, and before going to the fi eld activity, 
students turn on their mobile devices (Tablets or Tablet PCs) running the application. 
The teacher’s application automatically discovers the students’ application and 
displays them on the screen as an icon. By just dragging and dropping the 
student’s icon over the task icon, the task proposition is transmitted to the student’s 
device and shown.  

   Instantiating patterns : According to the proposed task, students may follow a 
certain path, explore an area of the city, or go to specifi c places gathering data 
to collaboratively create instantiations of the pattern when they fi nd certain 
elements that they think correspond to the pattern given by the teacher. 
Instantiations consist of text descriptions, pictures, or sketches of a certain object 
found which complies with the pattern defi nition; see Fig.  10.6 .

      Monitoring students’ work : Teachers can monitor the students’ work in areas where 
Internet is available and a client-server communication is possible. The student’s 
application sends the current position at regular time intervals to a server. This 
information is taken by the teacher’s application, which displays the student’s 
position on the map. It is also possible for the teacher to communicate with the 
students via chat to give more instructions about the task in “real time.”          

  Fig. 10.6    Two students’ views, with instances of the patterns and tasks provided by their teacher. 
Each of the three tasks shown in both interfaces belongs to the same team. The third assigned task 
is highlighted on the  left  and the  right  shows the fi rst. Both interfaces show the task development 
already done collaboratively       
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   Conclusions 
 Current developments in mobile computing and wireless networks facilitate 
and promote the implementation of computer-supported learning systems that 
can be deployed ubiquitously. The Situated Learning theory can be used as a 
good frame for designing computer-supported learning activities, which take 
place in the fi eld. An interesting subset of this kind of learning systems is the 
set of applications that make intensive use of geo-referenced information, 
when the knowledge being acquired is strong related to a geographical loca-
tion. In this work, we are proposing the design of learning activities that incor-
porate elements of situated learning that are supported by the use of 
geo-collaboration tools and mobile applications. From our literature review, 
we can see on the one hand that learning activities using mobile technologies 
and geo-collaboration have been successfully implemented, and on the other 
hand, it has been recognized that patterns can play an important role in the 
learning process. This is mainly due to current developments in mobile com-
puting and wireless networks, which allow the development of computer- 
supported learning systems that can be deployed ubiquitously. The Situated 
Learning theory is a good frame for the development of computer-supported 
learning activities that take place in the fi eld. An interesting subset of this kind 
of learning systems is the set of applications that make intensive use of geo-refer-
enced information, when the knowledge being acquired is strong related to a 
geographical location. A key element for these systems is the availability of 
maps and geographical information in general. This is fortunately nowadays 
provided as Cloud Services by a number of providers for free. 

 In section  “Situated and seamless learning activities supported by geo- 
localization” , we presented the characteristics of seamless learning. Here, we 
will analyze how the two developed systems fulfi ll them. Table  10.2  illustrates 
how the developed applications comply with the mentioned characteristics, 
some in a better way than others. An important characteristic of the learning 
approach proposed in our current efforts is that it starts in the classroom, con-
tinues on the fi eld, proceeds then at home or in a computer lab, and ends with 
a learning session inside the classroom again. This again can create another 
cycle which is interesting from the point of view that these systems are able to 
support different learning modes and stages, without disruptions of methodol-
ogy, interaction paradigm, or data compatibility. In fact, the systems are able 
to run on different platforms. They have been used on PCs inside the class-
rooms, where the teacher used an electronic board. Handheld and Tablet PCs 
have been also used to run these systems. The common aspect on all these 
platforms is the touch screen and the big difference is the size.

   The design of both developed systems considers functionalities which 
include the requirements of situated learning mentioned in (Herrington and 
Oliver  2000 ). Particularly, they consider the three requirements (R3, R8, and 

(continued)
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(continued)

   Table 10.2    The requirements and the system features fulfi lling for both seamless learning 
applications (SL1 to SL9)      

 Application for “Learning with 
Patterns” 

 Application for “Wireless Signal Strength 
Propagation” 

 SL1  Formal learning takes place in the 
classroom with the teacher 
explaining and presenting patterns; 
informal learning takes place in the 
fi eld with students fi nding 
instances 

 Formal learning takes place in the 
classroom with the teacher explaining 
and presenting various models of signal 
propagation; informal learning takes 
place in the fi eld with students measuring 
actual values and discussing about the 
validity of each model 

 SL2  Personal learning occurs when 
students learn a pattern and social 
learning when they collaboratively 
work in the fi eld collecting 
instances and discuss about them 

 Personal learning occurs when students 
learn the models theoretically; social 
learning occurs when they take the 
measurements in the fi eld and share and 
compare their analysis results in order to 
fi nd the best prediction model 

 SL3–4  Students learn the theory about 
patterns in the classroom and then 
they work in the fi eld gathering 
data and come back to the 
classroom to present their fi ndings. 
All this is done in different times 
and places 

 Students learn the theory about models in 
the classroom and then they work in the 
fi eld taking measures. Then they discuss 
about the obtained data synchronously or 
asynchronously 

 SL5  Mobile devices allow students to 
access the information about the 
patterns anywhere and anytime, 
which will help them to 
accomplish their task; they also 
may receive advice from the 
teacher during the fi eld trip 

 With the mobile devices students have 
access to the simulation data as well as 
other information they may download 
from the internet 

 SL6  Students work with digital maps 
annotating them in order to 
represent facts of the real world 

 Students must compare the results given 
by the simulated world with the real facts 
of the measured data 

 SL7  The technology used to develop 
the application (HTML5) allows it 
to be run in a variety of devices 

 Same as for the other application 

 SL8  Since the application interface 
used in the classroom and the one 
for the working in the fi eld are 
very similar, the switching 
between the various tasks is easy 

 Although applications used in the 
classroom or laboratory and the one used 
in the fi eld are not similar, the interaction 
logic in all of them has been kept 
coherent in order to facilitate the 
switching from one task to another 

 SL9  Students present their fi ndings in 
the fi eld back in a classroom 
session where they refl ect about 
the importance and distribution of 
the pattern instances 

 Students refl ect on results of 
measurements obtained in the fi eld in 
order to generalize the acquired 
knowledge 
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