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Abstract

The implementation of Mobile Pedestrian Navigation and Augmented Reality in mobile learning
contexts shows new forms of interaction when students are taught by means'of learning activities in formal
settings. This research presents the educational, quantitative, and qualitative évaluation of an Augmented
Reality and Mobile Pedestrian Navigation app. The software was.designed for mobile learning in an
educational context, to evaluate its effectiveness when applied.as a‘teaching tool, in comparison to similar
tools such as those present in e-learning. A mixed-method analysis was used, with primary school students
from Chile as subjects (n = 143). They were split into one control group and one experimental group. The
control group worked in an e-learning environment, while the experimental group performed the activity
as field work, making use of the app (m-learning). Students were evaluated pretest and posttest using an
objective test to measure their level of learning. In parallel; a satisfaction survey was carried out concerning
the use of these technologies, in addition_toyinterviews with several students and teachers of the
experimental group. Pretest-posttest results indicate that the experimental group outperformed the control
group in their learning levels. The results of/the-interviews and the satisfaction survey show that these
technologies, combined with fieldwork, increase the effectiveness of the teaching-learning processes.
Further, they promote the interaction-ofStudents with contents for learning, and they improve students’
performance in the educational process. The main goal is to provide a methodology for the analysis of an
ad-hoc designed app. The app is.intended to provide an m-learning process for subjects being taught about
cultural heritage. The quantitativeand qualitative results obtained show that it can be more effective than
using similar technologies in ‘e-learning contexts.
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1. Introduction

The ever-growing use of ICT has produced a new scenario that is affecting one of the most important
elements in the development of any society: comprehension, analysis and visualization of the territory. This
new scenario of work with digital and computer media, ranges from the simple representation or modelling
of spatial scenarios, to the possibility of generating and structuring places from new and complex data
structures (Virtual Reality). This has become possible with the development of extremely powerful
processing techniques and methodologies for graphical display.

These developments have not remained outside the field of education; rather, they have influenced
education very strongly through the creation of new dissemination tools, and of new knowledge creation
and learning structures. In particular, new ideas and lines of action have been implemented that are related
to the various types of established technologies, such as Mobile Learning (m-learning) and Ubiquitous
Learning (u-learning) (Crompton, Burke, Gregory, & Gribe, 2016; C. S. J. Huang, Yang, Chiang, & Su,
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2016). These technologies make it possible to join different fields of knowledge, producing a confluence
of these different types of issues, and generating a complementarity of contents, methods and objectives.

Techniques such as Augmented Reality (AR) have been under development in the last 25 years, in
direct proportion to the increased capacities and types of hardware, and particularly with today’s growing
importance of mobile devices and applications (smartphones and tablets). Thus, it is possible to find
interesting new features for users and software developers, enabling the creation of content related to AR
activities. This scenario has seen a practical incorporation into various fields of knowledge, among which
are education and heritage, where there have been important implementations of thematic content, creating
a new way to display and disseminate information present in the territory. In parallel, another technology
that has been strengthened by advances in mobile devices, has been Mobile Pedestrian Navigation (MPN)
(Elhoushi, Georgy, Noureldin, & Korenberg, 2016), which derives from the use of navigation assisted by
digital systems and of map servers, which allows the implementation of different thematic contents with
consequences on their educational implementation. Both technological elements have been incorporated in
different educational activities ranging from contents about environment (Kamarainen et al., 2013), to
heritage and history (Chang, Hou, Pan, Sung, & Chang, 2015). However most of existing research is
presented solely from a qualitative point of view through observations, interviews or observation groups,
or from quantitative methodologies in experimental fields (Sommerauer & Miiller, 2014). The purpose of
these types of research is to determine the effect of the tools in learning achievement. To contribute to
research in this area, we have conducted this study to measure the effects of AR and MPN learning from
an m-learning context, comparing the results of these tools in e-learning contexts and in formal education
settings (classroom).

Thus, the general objective of the study is the design and evaluation ‘of a mobile application linked
to the MPN and the AR, and framed within a process of educational training with the inclusion of
technology (e-learning as a control group and m-learning as an experimental group). This is done within a
framework of territorial information on the relevant historical.and cultural heritage of the city of Santiago
de Chile. From this context, we make use of a quasi-experimental, methodology that establishes the
hypothesis that students achieve higher levels of contentacquisition (learning) on heritage and its elements
using tablets and in a context of fieldwork (m-learning),"when compared to activities developed by means
of traditional teaching e-learning conducted in the classroom through a desktop computer. The theoretical
foundation for this hypothesis is based on the cognitive theory of multimedia learning (CTML) and of the
development of spatial intelligence. We approach e-learning and m-learning through the implementation
of AR, digital mapping and MPN as dapplied ‘to .contents concerning historical, architectural and
geographical aspects.

This document is structured a$.follows: the theoretical context of AR and digital mapping is shown
first, both in educational processes and. in situations of m-learning and e-learning context. Later, the quasi-
experimental design used’is described, emphasizing the treatments applied, as well as the test applied to
measure the contents and processes. The rest of the paper deals with the statistical analysis of the results
obtained, and includes evidence)of the degree of satisfaction of educational activities carried out by the
students and teachers who ‘participated in the experience, incorporating interviews which produced
information on particular elements of the educational process related to the use of technology. The
discussion section compares the results with similar research efforts by other authors, and finally concludes
with a summary and a reflection on the scope of the investigation.

2. Theoretical background

M-learning as a method of learning is directly related to e-learning, although it belongs indeed to
an independent typology, where teaching and learning processes have an electronic and technological
context, provided with the dynamism or movement and portability offered by some devices (smartphones
and tablets) with high processing performance and storage capacity for digital information (Sanchez Prieto,
Olmos Miguelanez, & Garcia Pefialvo, 2013, 2016). Thus, m-learning would be a natural evolution of e-
learning, allowing to students and users to have a learning process through mobile technology. Within an
everyday context, navigation and the use of spatial mental maps are part of the understanding of the world
in a person’s mind. Distances, locations and relationships in and within the territory become a part of a
cognitive process and find a place in human thought itself. The resolution of these spatial problems by
means of computers (digital cartography and MPN) requires the generation of a navigation structure, that
is, a further characterization of a territorial model that allows us to understand the spatial reality of subjects
(Gardner, 2006). These elements have already been employed in mapping and navigation systems, which
since ancient times have tried to represent and communicate territorial scenarios. Nowadays, these systems
make use of digital devices and provide us with real time information. All this is related to spatial
intelligence, which allows persons to visualize objects from different perspectives and orientations, thus
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making it possible to detect and focus on new ways of approaching situations, phenomena and territorial
systems, with optimal decisions for each case. Everybody has the capacity to obtain, understand, process
and communicate information presented in three dimensions —from the most basic level that is the location—
, and which it is characterized by such aspects as texture, shape, colour and the relationship between these
qualities (Newcombe & Frick, 2010; Van Schaik, 2008).

Taking the Cognitive Theory of Multimedia (CTML) as a starting point, one can find possible
explanations of why digital resources such as AR, digital mapping and MPN can improve learning
processes. In this context, the definition offered by Mayer (2009) is perhaps the best option. It states that
people learn best through the use of combined resources of words and patterns (images), above and beyond
the use of mere words. In particular, the principle underlying the empirical structures that are proposed here
is precisely the signalling principle, which states that people learn best when there are signs that display the
essential information in an organized manner, within the learning environment established. Thus, the AR
resources, mobile mapping and MPN can be implemented by creating proper signalling elements for study,
thus guiding students by means of information on geographical location and with visual references to digital
resources.

3. Related work

The existing literature on AR in the context of field work, and on mobile mapping and MPN, has been
examined from different points of view. This has been done through research ranging from theoretical
studies, with predominantly qualitative characteristics based on focus grotps and interviews, to empirical
studies on the results of these technologies in the learning process. Topics covered range from the teaching
of engineering-related contents, like mathematics and science, the teaching of history and artistic, and
literary contents (Dunleavy & Dede, 2014). A first revision focused,on=studies using various parameters
adapted from FitzGerald (2012): device or technology used forthe deployment of AR technology, mode of
interaction between user and contents, method of sensory.feedbacks for the users, type of experience
(individual or group), implementation region and type,of participants in the experiment (Table 1). The
analysis of the related works is based on two general criteria, thefirst of which is the publication date of
available papers. Only articles whose publication date does not exceed five years in the past (January 2012
to 2015) were considered. The second critérion was the geographical representativeness of the
investigations, considering at least one item_per'tegion. Although other experiences that make use of AR
and MPN (Jamali, Shiratuddin, & Wongs2014; Satpute, Pingale, & Chavan, 2015; Wei, Weng, Liu, &
Wang, 2015) were found, their research-focused on-the teaching of STEM contents, or on the evaluation of
dimensions different from those considered in this paper.

These studies establish that thewdse of AR in education has taken place mainly in universities, in
engineering and science degrees, although»one can also find experiences in museums and schools with
interesting results. Most of the experiences involved using static display technologies for AR (PC desktops
and quick response markers) with ‘specific information models displaying three-dimensional models such
as simplified geometric shapes; polygons or small objects. In addition, these experiences were intended for
elementary school students with prebuilt three-dimensional resources, and with contents that belonged to
the curriculum of each reality.

Table 1: Educational Experiences with AR.

Name of project Device or Interaction mode Method Type of Region of Participants Learning activities
technology sensory Experie Implement
used feedback to nce: ation
the user Personal
or group
GLUEPS-AR Desktop PC Passive / assimilative by Mixed: Personal Europe College System that aims to put in
(Muiioz / Tablets / information layer. Active / Visual (VG, and in students practice territorial
Cristébal et al., Smartphone exploratory (data 3D), text, groups scenarios with physical
2014) s recording / query tools). video. and virtual elements.
AR in Desktop PC Passive / assimilative by Mixed: Personal Europe Elementary Students create a book
documents and / Tablets / information layer. Visual (VG, and in students with content on AR about
images (Diego Smartphone Exploratory display 3D), text, groups Peninsula de la
Obregén, 2014) s models. video. Magdalena (Santander)
ARLE: Tablets / Passive / assimilative by Mixed: Personal Europe Teachers and Learning environment
Augmented Smartphone information layer. Active / Visual (VG, high school based on multimedia
Reality s exploratory (data 3D), text, students. content AR with
Learning recording / query tools). video. electricity and
Environment electronics.
(Arribas,

Gutiérrez, Gil,
& Santos, 2014)

Proyecto PC/ Passive / assimilative by Mixed: Personal Europe Teachers and Project content with
espiRA Tablets / information layer. Visual (VG, and in high school geolocation and AR
(Reinoso, 2012) Smartphone Exploratory display 3D), text, groups students. through a user-friendly

s models. video. platform.
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Proyecto Saltet Tablets Passive / assimilative by Visual with Personal Latin Elementary Using AR in 5-year-old
(Ramirez & information layer. 3D models and in America students children with content on
Cassinerio, Exploratory display groups road traffic, water cycle,

2014) models. the human skeleton and

senses, in a context of
collaborative work.

L-ELIRA, Desktop PC Passive / assimilative by Visual with Personal Europe College Improving spatial
learning information layer. 3D models students abilities, motivation, and
industrial Exploratory display academic performance of
elements means models. engineering students
augmented
reality
(Martin
Gutiérrez &
Meneses
Fernandez,
2014)
AR in informal Tablets Passive / assimilative by Mixed: Personal Europe Heterogeneou Mathematics exhibition
learning information layer. Visual (VG, and in s sample to measure the effect of
environments Exploratory display 3D), text, groups AR on acquiring and
(Sommerauer models. video. retaining mathematical
& Miiller, 2014) knowledge in an informal
learning environment.
AR in a mobile Tablets Passive / assimilative by Mixed: Personal Asia College AR guidance promoted
guidance information layer. Visual (VG, and in students sense of place and
(Chang et al., Exploratory display 3D), text, groups learning performance.
2015) models. video.
EcoMOBILE: Smartphone Passive / assimilative by Mixed: Personal North Elementary AR application, to
AR experience s information layer. Active / Visual (VG, and in America students a navigate the pond
with use of exploratory (data 3D), text, groups environment and to
environmental recording / query tools). video. observe virtual media and
field trip information overlaid on
(Kamarainen et the physical pond.
al., 2013)

In a general context, most investigations made use of AR for ‘teaching spatial skills within fixed
environments, which were established in classrooms and formal‘edueational environments. Sommerauer &
Miiller (2014) designed a pre-test/post-test crossover field experiment,in an exhibition intended to show
mathematics content, trying to measure the effect of AR onythe acquisition and retention of content in a
non-formal learning environment (a museum). Thewexperience produced significant performance
improvements when using AR in comparison with exhibits, that did make use of this tool. On the other
hand, Martin-Gutierrez et al (2014) studied the effect of AR on learning spatial skills, motivation, and
academic performance, in relation to geometry, using as a basis a book with AR methods in a context of
desktop PC. Through a class context pre<est/post-test’with 49 students, the group using the tool of AR
showed a significant gain in spatial skillsy,compared to the group that worked with traditional elements of
teaching. Kamarainen et al. (2013), within the\context of ubiquitous learning theory, used AR and field
work to design an educational activity within the framework of teaching contents on science and ecosystems
in elementary school, evaluating the experience through a survey of students and analysing comments from
teachers. Results showed an increase in‘measurements on understanding of content by students and a better
perception of these educational resources by teachers. Also, from the context of mobility and content on
heritage, Chang, Hou, Pan, Sung, & Chang (2015), developed an application that combines AR and a
mobile context in order to study the theory of sense of place from the start of interpretation. This was done
with mobile tools for historical content, with the result that students who used the AR achieved a
significantly better learning when compared to students who worked with traditional tools. In the study of
the state of the subject in the educational field, the use of digital mapping of devices, in combination with
AR, is not established. While there is an exception stated in Kamaranien et al. (2013), where the presence
of geolocalized AR is evidenced, in the educational activity proposed in the study, digital cartography was
not used as a means of evaluating learning with technology. In this regard, it is important to mention that
research proposing the combination of digital maps and AR in a context of mobility, are established in other
fields, such as tourism (Fino, Martin-Gutiérrez, Fernandez, & Davara, 2013; Pendit, Zaibon, & Abubakar,
2015), city planning (Graham, Zook, & Boulton, 2013; Kim & Han, 2014), heritage (Cayla, 2014;
Martinez-Grana, Goy, & Cimarra, 2013), engineering (W. Huang, Sun, & Li, 2016) or computing science
(Albrecht & Lokki, 2015; Rehman & Cao, 2017), where we do not find formal educational evaluations of
these tools as a whole.

In summary, the few experiences carried out in Latin America concerning the use of AR in
education are limited to a qualitative methodology, with few empirical results that establish important
references on the subject under study. There is not much presence in appropriate journals and related
publications. On the other hand, experiences carried out in other parts of the world suggest significant
quantitative evidence of AR and MPN in educational environments producing improved student learning.
However, one must say that the use of these tools in fieldwork and in contexts of formal education is
inconclusive —particularly when applied to the teaching of heritage, history and social sciences—. The results
of using combined methodologies, such as field work with AR technology, are inconclusive. This is due to
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the fact that most of the studies were carried out in classrooms, and further the type of content to be taught
focused on science, mathematics and engineering.

4. Material and methods
4.1. Design

This paper starts from a mixed perspective, since we applied quantitative and qualitative methods
to identify and measure factors related to the acquisition of content for each instance analysed. Thus, the
objectives of the research are developed in two major areas: the implementation of contents on heritage and
the development of an educational assessment tool in a context of formal education. For the first dimension,
contents related to territorial heritage elements of the city of Santiago de Chile were selected an analysed
from an educational point of view. This was done in order to define and adapt the contents to a context of
digital presentation for mobile devices. In parallel, we carried out the development of a mobile application
and another for a desktop computer. Both of them made use of AR-MPN elements that showed Location
(through digital mapping), Navigation and AR resources. This was done, more precisely, in programs for
mobile devices and in web applications for web browsers in desktop computers. These applications were
intended to display the previously elaborated contents on heritage and territory of the city, depending on
the context m-learning or e-learning. The teaching experience was complemented with the incorporation
of learning assessment tools, that would later be used in an objective multiple-choice test. The test would
be carried out as quasi-experimental pre-test/post-test in a real educational scenario (Campbell & Stanley,
1966). Therefore, we have chosen two educational scenarios to carry out thesimplementation of treatments
with AR, maps and navigation. A first scenario was based on fieldwork'in the'previously selected sectors
of the city, making use of AR and MPN on tablets in an m-learning contexty(the experimental group). The
second scenario was a classroom with desktop PCs using an ARsapplication as well as map servers, in an
environment that was that of traditional classroom e-learning (the ‘control group). For each case, the
dependent variable (learning level) would be measured before and after the completion of the educational
activity, for each of the proposed student groups (Fig. 1):
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Fig. 1. Quasi-experimental research structure
4.2. Participants and sample

The sample used for research consists of 143 subjects of which 72 participated in the fieldwork
(m-learning) and 71 in classtoom work (e-learning). Students belonged to two schools in the city of
Santiago de Chile. The sample includés a diversity of characteristics regarding gender. The treatment of

heritage resources used in educational contexts (Table 2) is also not exactly the same for both groups.

Table 2: General characteristics of students (n = 143)

Gender School Treatment
Female Male School 1 School 2 m-learning e-learning
75 68 67 76 72 71
(52.45%) (47.55%) (46.15%) (53.15%) (50.35%) (49.65%)

Regarding the population of elementary-school students, their ages range between 12 and 14 years,
and their number in Santiago is known to be N = 237.45 (Ministerio de Educacion Chile, 2015). This
implies a level of significance a = .05 and a maximum level of homogeneity p = q = 0.5. For a sample size
of 143 subjects, a sampling error of 8.2% is obtained (Arnal, Rincon, & Latorre, 1992). Due to the nature
of research with a quasi-experimental approach structure, it was not possible to obtain greater sample sizes
as a consequence of constraints on time and resources. Thus, to ensure the representativeness of the sample
obtained, a hypothesis testing of the correspondence between the theoretical distributions and the sample
was carried out by means of a goodness of fit test based on Chi Square.

In the case of School #1, the value of the test statistic is ¥?1.05 = 0.529 > x> = 0.396, hence Hj is
accepted, where the sample distribution fits the population to the level of primary education. Regarding
School #2, the value of the test statistic is y?.0s = 0.79 > x> = 0.06, hence Hy is accepted too, where the
sample distribution fits the population for the grade of primary education.
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In the case of interviews, the number of participants accounted for 3 teachers (n =5) and 5 students
(n = 143), which were selected in a context of samples by opportunity (Teddlie & Yu, 2007). In the case of
teachers, only subjects who participated in the planned educational activities were interviewed, and in the
case of students, interviews were made to students that were extreme cases, that is, to students with the
highest values in the test (3) and also with the lowest levels (2).

4.3. Variables

The dependent variable is related to the knowledge acquired by students about heritage. It is
determined regarding a theme about cultural heritage, using as a basis the definition of a sector of the city
of Santiago de Chile. This was done because of the historical and heritage elements present in this sector,
in which buildings and architectural landmarks allow the proper implementation of educational activities
and resources. In the selection of buildings and places for the development of a heritage thematic context,
it was necessary to compile and study spatial information. This was achieved, in practice, by means of a
file prepared by specialists from different areas and contexts related to the theme that was to be used in our
educational implementation: teachers, historians, anthropologists, geographers and architects. These
persons helped with the contextual definition of the data collection instrument for its subsequent digital
implementation. Regarding the independent variable, it is related to the methodological aspect applied to
the experimental group (m-learning with tablets). In parallel, the control group consists of students who
worked in an e-learning context, with desktops. Thus, for both implementations, the same thematic contents
were applied by means of similar software for each type of tool used. From the heritage thematic context
for the city of Santiago de Chile, 57 monuments were defined in an area coyering approximately 250.16
hectares (Fig 2).
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In parallel, the AR-MPN application was developed in a portable and mobile ecosystem (tablets'),
based on various frameworks: Apple Maps for spatial visualization system (MPN) and georeferencing and
Junaio for deploying AR resources (Mathias & Gallagher, 2015), all of them supported by the underlaying
i0S operating system (Fig.3).
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Fig. 3 Structure of the mobile application

Thus, the AR-MPN application for the experimental group was implemented according to the
territorial extension defined in the study area and also according to the characteristics of the information
on heritage agreed upon. Of course, this implied taking the factors obtained in the spatial analysis of the
data into account, as well as the interaction with other elements within the boundaries of the previously
defined territory, and also the educational objectives intended to be achieved. So, a navigation proposal that
guided students in the educational process about the heritage theme of the city was generated. Thus, the
following elements are implemented in the application. Firstly, a general view of the proposed territorial
landmarks displayed on a digital map, with automatic adaptation of the territorial vision based on the
position of the device. In the second place, there exists the possibility of generating different spatial scales
of representation according to user requirements. And thirdly, the user is offered the visualization and

! The hardware selected for this experience corresponds to Apple Inc. iPad tablets, whose characteristics are: screens between 7.9" to
9.7". Its iOS operating system meets all requirements for implementing software AR and MPN.



Joo-Nagata, J., Martinez Abad, F., Garcia-Bermejo Giner, J., & Garcia-Pefialvo, F. J. (2017). Augmented reality anéd
pedestrian navigation through its implementation in m-learning and e-learning: Evaluation of an educational
program in Chile. Computers & Education, 111, 1-17. doi:10.1016/j.compedu.2017.04.003

consultation of other urban phenomena represented (Fig 3). In the case of the desktop PC application
(control group), students performed educational activities by viewing digital resources on a platform, said
resources made in a context of learning objects (Arango, Gaviria, & Valencia, 2015; Garcia Holgado,
Garcia Pefialvo, Zangrando, & Seoane Pardo, 2013). Teachers work as general guides of the activity, and
complement it with information presented in the devices. Further, they urge students to reflect on
phenomena displayed on devices, and also to exchange ideas. Of course, this is done in the context of real-
world scenario in which the activity developed. A piece of software called eXeLearning 2.0.4 was used for
e-learning experience. This software makes it possible to create and publish educational content in an
HTML format (Fig. 4). In the case of MPN in the context of Desktop PCs, Google Maps was used for
navigation and Cloud Cities for digital terrain models. For elements in AR, models were used in Junaio,
complemented with a webcam in a desktop PCs environment (Table 3).
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Fig. 4 eXeLearning used to implement the educational experience in a classroom (Desktop PC)

Table 3: Points about heritage of the city and implementation of digital educational resources

Content for the city of Santiago de Chile Resources
Milestone 1: Church of Saint Agustin AR model, old photographs and informative text
Milestone 2: Club de La Union AR models, informational text, old photographs and

digital maps.
Milestone 3: Neighbourhood Nueva York, AR models, informational text, old photographs and

La Bolsa and Club de la Union digital maps.

Milestone 4: Bolsa de Comercio Old photographs and informative text.

Milestone 5: Building of Banco de Old photographs and informative text.

Santander (ex Hotel Mundial)

Milestone 6: Church Las Agustinas Old photographs and informative text.

Milestone 7: Intendencia de Santiago AR models, informational text, old photographs and

(before building of Diario Ilustrado) digital maps.
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Milestone 8: Palacio de la Moneda. AR models, informational text, old photographs and
Antigua Real casa de la Moneda digital maps.

Milestone 9: Civic neighbourhood - streets ~ Informational text, old photographs and digital maps.
Bulnes - Parque Almagro

Milestone 10: Ex Casa Rivas, previously AR models, informational text, old photographs and
"Ferreteria Montero" digital maps.
4.4. Instruments

The designed pre-test/post-test instrument measures three general dimensions to assess the
implementation of applications. The first one is the general identification by means of the elements of
location and description about buildings that will be used in the activity. A second dimension measures
knowledge on the historical and heritage background of the building including the description of their
context. Finally, there is an educational dimension, which measures e-learning derived from heritage
elements of the building. The level of knowledge achieved by students (learning or dependent variable)
before and after application of treatment for both groups, was measured with a test that consisted of 25
items with 4 response options. This test was applied in a traditional way (paper and pencil), incorporating
a unique identifier in order to compare the marks obtained pre-test and post-test (Martinez, Navarro, &
Sanchez, 2012; Martinez Abad, 2013; Martinez Clares & Echeverria Samanes, 2009). The instrument was
evaluated by 12 expert judges, determining the quality of each item of the test according to 4 criteria:
Adaptation to the proposed educational level of activity (primary education); clarity of items form the point
of view student understanding; accuracy with which the test items assess the,proposed contents (historical
and temporal context; architectural and urban morphological elements;sand location and spatiality); and
finally relevance to basic skill levels proposed in Bloom's taxonomy-=knowledge, understanding and
application—.

For validation of test items (with dichotomous variables), amvanalysis that includes the Index of
Difficulty was made (Abad, Olea, Ponsoda, & Garcia; 20115 Rodriguez Conde, 2011), the Index of
Discrimination (Abad et al., 2011), and finally the Point Biserial*Correlation Discrimination Index —ru,—
(Abad et al., 2011). Pre-test results shows a high difficulty in most of its items (15% to 40% correct
answers). Once treatments had been applied Afor groups, post-test results show different amounts of
difficulty in. There is 1 very easy item, then 9.easy items, 8 items of moderate difficulty, and finally 7 items
that were difficult for students. From the results/of the Discrimination Index, post-test results establish that
4 items have low discrimination value;~7 items+have a good discrimination, 11 items have very good
discrimination, and 3 items do not allow discrimination. The latter were removed for further analysis.
Regarding the results obtained for ryp, all values obtained by this indicator in the post-test have strong
positive values (ry, > .150), except for a single item having a negative value, which it was discarded for
further analysis of the test.

An additional test was applied to subjects, once the educational experience had been completed:
it was a satisfaction survey validated and’used in other investigations (Favier & van der Schee, 2012). The
test dealt with the exercise performed-from the point of view an ICT context, of the materials used, of the
proposed contents, and of their respective implementation (Table 4).

Table 4. Specifications for the satisfaction survey

Question/ affirmation Codification Dimension
1. I'm not comfortable using the application [ITEM 1] Application - Implementation
2. The application gives me confidence in the use of tablets (or PC [ITEM 2] Hardware
Desktops)
3. It is easy to navigate within the application used [ITEM 3] Application - Implementation
4. The information displayed in the application is not always accurate [ITEM 4] Application - Contents
5. The application has been given a positive impression of the contents [ITEM 5] Application - Contents
about heritage
6. The application has given me important information for my learning [ITEM_6] Application - Contents —

Implementation

7. The graphic design of the application is not visually appealing [ITEM 7] Application - Implementation
8. It is difficult to use the application [ITEM 8] Application - Implementation
9. I was given enough information for the use of the application [ITEM 9] Application - Implementation
10. 1 like the information that shows the application [ITEM_10] Application - Contents

The types of questions have as a possible answer a Likert scale with 5 levels, ranging from
"strongly agree" (5) to "very disagree" (1). The reliability of this survey, by Cronbach’s Alfa, acquires a
value of 0.765, which is taken by some authors to be enough for a standard exploratory analysis (Loewnthal,
1996; Nunnally, 1978).
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For the qualitative dimension, structured interviews were conducted (Brinkmann, 2014; Martin
Izard, 2011; Vela Pedn, 2001), where, from a predetermined script, ordered and directed, questions are
posed to obtain the necessary information in the context of the investigation. This is presented as an
instrument with final modality in order to know the perception of the subjects, their impressions, feelings,
etc., about the experience and about the tool used in a learning context. In this way, once the evaluation
results of the test were known, we proceeded to the choice of subjects for the application of the interview.
Depending on the groups of subjects interviewed some particular application parameters for the interview
were defined (Kvale, 2007). In students, a general introduction to the activity to be performed was set,
which explained the context of the interview, introduced the interviewer to them, and elicited data on the
subject to be interviewed (age, grade, family group, number of years spent on the school). The default
duration of the interview was 30 minutes, and the closure of the activity included reading points raised in
the conversation, in order to correct or to complete some information Further, the student was consulted
about the possibility of adding some element or comments that he or she considered important to mention.
Regarding teachers, the same general presentation was established, explaining the purpose of the interview
that was to take place. In parallel, they were consulted on the context of their educational work (educational
expertise, experience in the work area, how many years had they been part of the school staff). The duration
of the interview was 45 minutes on average, and the closure of the activity was established with the reading
of the points raised and obtained with the dialogue of questions and answers. This was done so that teachers
could make corrections, make observations or complete any information provided by them.

4.5. Data analysis

In addition, a number of statistical techniques were applied tosthe results of the test and of the
interviews, in order to measure the validity of these instruments. Techniques were, both psychometric and
exploratory (descriptive, correlational, inferential and multivariate.\The.starting point in this case was the
Classical Test Theory (Abad et al., 2011; Muiiiz, 2010). Before thevcorresponding analysis, the values
obtained in the test were transformed to a T scale, with amean Value of 50 and a standard deviation of 15,
in order to make it possible to compare the results obtained from the pre-test and post-test instruments
Firstly, we carried out the determination of the density functions in order to check whether the sample fits
a normal distribution. In addition, we applied Levene’s test, which allows contrasting the goodness of fit
with respect to the homogeneity or homoscedasticity of variances (Martinez Abad, 2013). Subsequently,
an exploratory data analysis is performed with the position —percentiles—, dispersion measurements —
variance, standard deviation, coefficient-of variation.and range—, and measures of shape sample —skewness,
kurtosis— (Hernandez, Ferndndez, & \Baptista,;z2010; Nieto Martin, 2011). In the statistical hypothesis
testing applying parametric-tests performed using Student's t, if the data are normally distributed, in order
to compare the dependence or independence of two variables —difference mean for related samples—
(Hernandez et al., 2010). An “analysis of variance with repeated measures —~ANOVA-MR—- was also
performed (Berlanga Silvente & Rubio Hurtado, 2012; Pardo Merino, 2002), in order to study the effect of
treatments in an intra-subject'context, that is, the context pre-test/post-test performed with the educational
experience. Additionally we calculate” the power of the test and the effect size, which is based on the
statistical g of Hedges for the test t (Cardenas Castro & Arancibia Martini, 2014; Mayr, Buchner, Erdfelder,
& Faul, 2007), determining the probability of superiority (Grissom & Kim, 2011), and the effect size based
on the correlation (Corder & Foreman, 2009) in the case of using the nonparametric test. For the application
of these statistical analysis and hypothesis testing, softwares used were IBM SPSS 21 and R version 3.2.1.
Indicators of effect size and statistical power, were obtained by software G*Power 3.1.6.

Applied the Kolmogorov-Smirnov test for normality assumption of the samples obtained, we
obtained as pre-test values for the treatment group m-learning z = 0.852 y p = 0.463, and for the control
group e-learning z = 1.324 y p = 0.06, with no significant differences in scores between the groups before
conducting educational activities proposed. In addition, the values obtained in the Box's M test indicate that
the variance-covariance matrices of the groups are homogenous (M = 2.464 and p = 0.489). These results
justify the relevance of implementing an analysis of variance with repeated measures (Berlanga Silvente &
Rubio Hurtado, 2012; Pardo Merino, 2002), in order to study the effect of treatment in a context, both intra-
subject and inter-subject that is, both at the level pre-test/post-test and at the level of treatment or
educational experience.

As regards qualitative data analysis, we carried out the analysis of the interviews using categories
previously defined by Yang (2013). A segmentation of the unique elements of information that are
important for research was performed. Once we obtained the first categories of information derived from
interviews, we began to group and sort these items around the general concept of learning technology
resources. Thus we defined the relevant dimensions, variations and important elements, defining
subcategories (Tables 5 and 6).



Joo-Nagata, J., Martinez Abad, F., Garcia-Bermejo Giner, J., & Garcia-Pefialvo, F. J. (2017). Augmented reality and
pedestrian navigation through its implementation in m-learning and e-learning: Evaluation of an educational
program in Chile. Computers & Education, 111, 1-17. doi:10.1016/j.compedu.2017.04.003

This categorization system was represented as networks (Fig. 7 and 8) that established the
relationships between codes and categories. These networks express the conditions, contexts and
dimensions in which the phenomena of research are presented. This analysis was performed by means of
Atlas TI 7.5.4.

Table 5: Category system used in the interview for teachers

Category Subcategory Code
. Social and educational context PRO1.1
1. Social-specific background.
sociodemographic elements of teachers Family-technological context PRO1.2
2. Personal use of technology. Attitudes Experience with technology PRO2.1
and features that give the technology in Attitudes towards technology PRO2.2
their personal lives. Type in the use of educational tool. PRO2.3
Technological perception in formal educational settings PRO3.1
Use of ICT in educational activities.
3. Use of technology in educational s 9 1 ccuratonal activies PRO3.2

Teachi ith technol
contexts. Attitudes and capabilities that cactung Witn leeno 08y

give technology teacher professional Getting F:ducational objectives PRO3.3
field, Adapt'fitlon of IC.T resources PRO3.4
: Teaching strategies with ICT. . PRO3.5
Interaction with students in ICT contexts £ PRO3.6
Perception of fieldwork activity for learning . PRO4.1
Educational perception of digital maps andMPN % PRO4.2
4. Evaluation of the experience, from the | Educational perception about AR ~ N PRO4.3
personal and professional point of view Educational perception about tablets, ™\ PRO4.4
Limitations of the resources uyséd in .educational experiences PRO4.5
Feeling around these experienges (tabletsand PC desktop). PRO4.6

Table 6: Category system used in the interview for students

Category . Subcategory Code
1. Social-specific background. Social and educational context EST1.1
sociodemographic elements of students Family-technelogical context ESTI1.2
2. Personal use of technology. Attitudes Experience withitechnology EST2.1
and features that give the technology in Attitudes towards technology EST2.2
their personal lives TYpology fechnological tools in the personal and professional EST2.3
use
3. Use of technology in educational Technological perception in formal educational settings EST3.1
context. Attitudes and capabiljties that  Use'0fICT in educational activities. Formal learning with EST3.2
students give the technology in formal “technology.
learning \/Strategies used by students for learning with ICT tools. EST3.3
' Interaction between students, in ICT and learning contexts. EST3.4
4. Evaluation of the experience, from the = Educational perception of digital maps and MPN EST4.1
personal sense of students _Educational perception about AR EST4.2
Educational perception about tablets EST4.3
Feeling around these experiences (tablets and PC desktop). EST4.4
5. Results
5.1 Descriptive analysis

An exploratory analysis of the data obtained was performed, which turned out to be in line with
expected results (Table 7). Low values in the pre-test, suggest that students from both groups have the same
initial levels; it was in the post-test where an increase in scores showed significant differences in the values
obtained in the test results obtained according to the treatment used.

Table 7: Descriptive statistics of pre-test/post-test results
Pre-Test Score Post-Test Score Gain Scores
M Mdn SD Min = Max M Mdn SD | Min Max M Mdn SD Min = Max
m-learning with =~ 5.04 5 2.38 0 11 13.57 13 3.88 3 20 8.53 8 4.83 -5 18
AR-MPN in
fieldwork
e-learning with 5.23 5 2.19 0 9 11.08 11 422 3 20 5.85 6 4.64 -4 18
AR, Maps
servers and
traditional class
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Thus, the data establish that there exists an intra-subject variation, with an increase in student
scores after applying the assigned treatments, and inter-subject variations, where students who performed
the m-learning activity performed better compared to those who used e-learning in their post-test scores.
Figure 5 shows how this trend are clearly visible.
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Fig. 5. Means comparison pre-test and post-test, or grouping/n =143)
5.2. Hypothesis Contrast

Thus, the results obtained in the main (effects model (Table 8), confirm that all subjects achieved
significantly higher yields in the post-test, regardless of the assigned experimental situation, and that this
effect is highly significant (F=328.65; p.<.001)., Therefore, we can say that all students show generally a
statistically significant progress in the post-test compared to pre-test, that is, that there are intra-subject
effects. On the other hand/ significant effects obtained in the interaction between the two levels of treatment
(F=11.31; p.=.001) proyide evidence of| the different effects that both treatments (e-learning and m-
learning) have had on the subject. This also confirms the existence of inter-subject effects associated with
the two levels assigned in treatment.

Table 8: Hypothesis contrast. Difference in averages-median pre-test/post-test

F P Partial Eta square Test’s Power
M
Total criterion Main effect 328.647 <.001 .700 100.00%
Interaction 11.308 .001 .074 91.60%

Regarding the importance of the main effect, the size of the growth effect on the whole group is
evident, (n?= .700), with this result being confirmed by the average values obtained in both the pre-test and
post-test. Since there is an interaction effect on the values found, it would not be appropriate to interpret
those obtained directly main effects, it is more appropriate to determine the localized effects in the pre-
post/post-test effects separately for each group. Table 9 shows the results of the t test for related groups,
implemented for each of the two groups.

Table 9: Hypothesis testing related groups pre-test/post-test
t P G Hedges

m-learning (experimental
group)

e-learning (control group) -10.621 <.001 1.36

-14.956 <.001 2.17
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From the context of each group, analyses establish that there are statistically significant differences
between pre-test / post-test values for both experimental groups (t = -14.956; p < .001) as well as for the
control group (t =-10.621; p <.001). Regarding the effect sizes, important differences are also observed,
obtaining moderately higher values in the experimental group (g = 2.17) compared to the control group (g
= 1.36), although both cases can be considered high magnitude effects (Cohen, 1969). When an inter-
subject statistical test is performed by separating the application in the pre-test and post-test stages, it can
be established, on the one hand, that in pre-test measurement, no significant differences exist between
groups (t =-0.479 and p = .663). Thus, subjects start at a similar level scores, and the homogeneity of the
students who participated in the educational experiences is confirmed. Furthermore, in the post-test
measurements, the comparison between experimental and control groups returned significant differences (t
=3.662 and p <.001), which translates to higher scores for the m-learning group.

5.3. Satisfaction survey about the educational experiences

In the m-learning context, we notice that the item that has a greater acceptance among the
participating subjects corresponds to n°® 3 (“It is easy to navigate within the application used”), which is
based on the ease of navigation within the implemented application. These results are followed by item n°
8 (“It is easy to use the application™), which delivers clues about the usability of the device and the
application in a mobile environment. Items with lower scores (n° 4 and 7) are related to the graphic
resources of the contents, although the values obtained do not indicate disapproval, but rather to a sense of
indifference in the display elements of the mobile application (Fig. 6).
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Fig. 6: Satisfaction survey results according to educational experience

When satisfaction-levels are evaluated regarding the e-learning experience, the item that shows
the highest performance corresponds to n° 6, related to the whole educational process implementation
carried out (“the application has been delivered important information for my learning”).

To complement the analysis, we applied the t test for independent samples using the total values
for each item of the scale, in order to obtain relevant information on whether there are statistically
significant differences in the perception of applications, due to the type of educational experience
performed by students (m-learning o e-learning). The Kolmogorov-Smirnov test is applied to the sample,
where the significance of the data obtained is equal to 0.207, with an average of 39.031 and a standard
deviation of 6.626, which results in a normal distribution of values. Applying the statistical test of Levene,
values state that the requirement homoscedasticity of data is met (F < 0.001: p = 0.982), resulting in the
acceptance of the null hypothesis in the t test (t = 0.390; p =0.697). This implies that there are no significant
differences in perception of the m-learning group versus treatment with e-learning. Both of the implemented
treatments have the same perception of students as an educational activity.

5.4. Qualitative results

Having established the results on the different processes and content with the proposed activities
from the point of view of quantitative analysis, the perception of teachers and students was studied in depth
through a qualitative analysis of interviews in which selected members of both populations participated.
Generally, teachers showed a positive perception about these tools, with variations around specific elements
derived from personal experience. The main aspects under examination were the use of thematic content
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with ICT, the technological implementation, and in particular the role of teachers when these tools are
incorporated into teaching activities (Fig. 7).

Negative aspects
In the use of ICT

- f_.- —

Use of technology in the
educational context, Attitudes
and capabilities that give ICT in
teaching

Fig. 7: Relations between categories and codes in interviews with teachers.

Within this area, there is a constant reference tothe possible autonomy of the learning process that
could be performed by students, particularly, in a context of fieldwork and m-learning, where real and
virtual elements complement each other:

Teacher 1: The application was good for them_towork alone and I felt that was very good, because they
began to explore... sometimes they left the precise zone of heritage under study, but they found they could
make use of Maps and maybe that helped-them see'that they could use a technology they did not know.

Teacher 2: I found the app to be good teaching material, because students can locate the heritage, they can
observe "in situ" the different artistic ensembles, identify their characteristics, learn curiosities, appreciate
how these buildings were formerly-through old pictures, see the characteristics of its construction, and
aerial view (augmented reality). Provided a proper operation, the possibilities presented for students and
teaching staff are numerous.

Another element that came up frequently in interviews was the role that teachers should have in
educational activities related to digital cartography, AR and MPN tools, particularly regarding m-learning
activity. The opinions of the interviewees are divided into two types of perceptions: teachers who bet on a
mediating role, and those who bet on the autonomy of the students.

Teacher 3: Students are too used to having a teacher nearby to guide the fieldwork, to resolve all doubts
that they have, either language or content questions, or about the context in which the building was... (about
resources in AR and maps).

Teacher 1: Yes... then I thought that they, let’s say they understood much, finally they understood the use
of the tablet and I felt it was not necessary to be given further explanation, because information was there
on the device.
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Using ICT in the
classroom

Fig. 8: Relations between categories and codes in interviews with students.

When students were consulted about the m-learning activity performed, their opinions and general
comments were positive, highlighting the teaching methodology significance of the activity, by means of
the interactions with the mobile device, and the context of fieldwork presented. In addition, the opinion on
how to measure the educational process (test) appears, which was mentioned by.one interviewee with very
positive elements in their assessment (Fig. 8).

Student 1: At the beginning I did not understand much, because/we had to push as many parts, but I did
like it, because when I was walking, it was marking the’couxse, it was easier to get to the place, and old
images also showed up... for example, a church and I did not even know how they were before, and then
instead of having to search for the old image in Google, images were right there.

Student 2: [ found it quite good (the application), because, although places are always there, we have no
idea about their history, why they were there, andwhat they do there, and... the use of technology was
good because we did not know that other.applications were there that helped us know more sites of our

city.

All these dimensions.and variables*are represented as relations of various kinds, among which one
must highlight association, belonging or' condition. Thus, a structure that composes the discourse of students
is established, ranging from their own perception of ICT (general and personal context), to the work of
educational activity with\AR-MPN, together with their assessments and impressions. The contexts of
personal background are also_included, as well as the use of technology in conventional educational
settings, which are related to other variables both directly and indirectly.

6. Discussion

Two main techniques are essential in the design of the app, both of which cooperate well in a
context of mobility: AR and MPN. There is a wide range of libraries that implement these tools for mobile
contexts, with different features, costs, options, and available platforms. From the point of view of
educational research, the right implementation of these resources must go hand in hand with the interaction
between the mobile system and the user (student). It must provide simple and self-explanatory graphical
user interfaces, in addition to the interoperability of AR models with location data, to simplify their usage
in m-learning contexts.

From the quantitative point of view, the goal was that of evaluating the application created by
establishing the effectiveness of such technological resources as AR, MPN and digital cartography, on the
processes of acquiring knowledge, understanding, and application about contents on heritage and social
sciences, in a context of m-learning with tablets. This was to be done in comparison to similar
methodologies, but applied in different contexts (e-learning). To test our assertion, a methodological
process was followed, from a scientific perspective, which included the assessment of each of the stages of
design, from the selection of heritage content that will be taught, to a thorough review of the tests applied
to students.



Joo-Nagata, J., Martinez Abad, F., Garcia-Bermejo Giner, J., & Garcia-Pefialvo, F. J. (2017). Augmented reality and
pedestrian navigation through its implementation in m-learning and e-learning: Evaluation of an educational
program in Chile. Computers & Education, 111, 1-17. doi:10.1016/j.compedu.2017.04.003

With the results divided according to the type of treatment that was used for each educational
experience, it can be established that there are statistically significant differences in learning among
students who used tablets and mobile application, with respect to working with traditional PC Desktops.
The size of the effects obtained were of high magnitude (n?*= 0.70), in contrast to the findings of other
researchers like Sommerauer et al. (2014) and Aim-Lim et al. (2014), where these experiments produced
medium or low effects (r = 0.36 and (n*= 0.02).

In addition, while both groups showed significant increases in their final scores after the activities,
students that worked in an m-learning context had better outcomes compared to students who only
participated in e-learning situations, confirming the results of other investigations that proceeded along this
line (Al-Qahtani & Higgins, 2013; Friess, Oliver, Quak, & Lau, 2016; Furid, Juan, Segui, & Vivo, 2014).

From the point of view of the satisfaction survey, results state that IT deployments had a high
acceptance among students. They were perceived as innovative and original tools, contextualized in an
educational activity, and overcoming the casual and everyday use with which it is associated. This is in
accordance with results presented in other studies (Martin Gutiérrez & Meneses Fernandez, 2014). In
summary, the general perception of participating students is centred around a nominal value “agree” for all
the statements established in the survey, resulting in a positive result from the field of satisfaction with the
activity, which is above the learning indicators obtained in previous stages. Similar findings were present
in other investigations (Martin Gutiérrez & Meneses Fernandez, 2014; Sommerauer & Miiller, 2014). A
limitation of this section is related to the determination of other factors affecting the results, rather than to
the statistical processing performed.

The results from the qualitative dimension, with interviews to-teachers, suggest that there is a
positive perception of the incorporation of these tools to formal education. There exists a point of
disagreement concerning the role that should be played by the teacher, who,can be seen as mediator between
the class and the computing resources, but could also just allowstheindependent work of students. This
situation that has already been raised in other studies with othetCT resources (Favier & van der Schee,
2012). Regarding the results of interviews with students, testimonies show that there is a high acceptance
of these methods, and, particularly when real elements” are, implemented (in fieldwork) as well digital
information, they produce better academic achievementsy, This situation that has already been described in
other studies (Chang et al., 2015; Friess et al., 2016).

One of the strengths of this research is the comparison of results obtained in two different scenarios
of formal education (e-learning and m-learning)‘in“which similar digital contents were used for learning.
The necessary external validity was generated in this way, considering further that participating students
had the same academic level before the,application of the respective treatments. This comparison of
scenarios and teaching methodologies makes it possible to estimate the differences and relative
effectiveness of each situation.

It is necessary to/improve such aspects as the creation of a more complex assessment tool; it should
not be based just on multiple choice-questions and it should use other types of resources in evaluation. It is
also necessary to strengthen the measurement of such aspects as understanding and application (problem
resolution), which are established in the/taxonomy of Bloom, beyond mere knowledge acquisition. From
the qualitative methodological aspect; interviews with students were conditioned by the scenario in which
it was made (school), which could have influenced the answers, perceptions and attitudes about the
educational activities performed.

Possible directions to be followed in future research work concern three fundamental aspects: the
first is to strengthen the theoretical contexts, particularly as related to CMTL and ubiquitous-learning, to
contexts updated theories about m-learning and e-learning, and taking them to more specific areas. A
second line of work is the replication of experiences in different levels and educational backgrounds, thus
creating learning resources for other disciplines that use this kind of fieldwork but different contents
(ecology, geology, sciences, environment). Finally, it is necessary to establish the degree of relevance of
fieldwork and the use of technological elements within a context of ubiquitous learning (Y.-M. Huang,
Chiu, Liu, & Chen, 2011), allowing to reach a different level of analysis of these apps, facilitating their
comparison with other educational processes implemented.

7. Conclusions

From the empirical results, given the results of the implementation of a software intended to show
a context of thematic and territorial information, is established as conclusion that from a context m-learning
and e-learning, it is possible to implement a design of an educational experience about of heritage contained
in the territory, with widely positive results. The addition of such resources as AR, MPN, and digital
cartography in devices like tablets and PC Desktops, has proven effective in general learning processes of
local content and heritage elements. In this research, students who have used tablets in fieldwork (m-
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learning) compared to students who used PC Desktop devices in classroom (e-learning), had better scores
on almost all elements of content and processes, establishing that the m-learning is more effective compared
to traditional e-learning. Future lines of work are intended to show the reproducibility of this research, with
the use of AR, MPN, and digital cartography in other teaching scenarios associated with other disciplines,
thus making it possible to know how students interact in different thematic and territorial contexts, and
approaching a near u-learning implementation and the evaluation of its educational effectiveness.
Reproducibility at other levels such as tertiary education or informal education contexts is also desirable.
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