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Abstract:

The concept of Virtual Field Trips (VFTs) became popular with the advent of the internet
in the early ’90s and incorporates all kinds of simulations of real journeys and excursions.
Educators who want to use VFTs in their institution face a large choice of available in-
stances online. However, most of these are either technologically outdated or unsuited for
a use in education.

Story Maps are part of ESRI’s ArcGIS Online application range and intended to present
multimedia content together with interactive maps. Therefore, they might be suitable as
a tool for non-professionals to create and author Virtual Field Trips on their own. The
application is cost free, well documented and comes with a GUI based builder, making
Story Maps an easy to use tool for inexperienced and non-professional users.

The goal of this MSc. thesis is to test the application’s potential for meaningful educa-
tional use scenarios based on pedagogical principles. For this evaluation, a test frame-
work of critical factors is constructed and afterwards applied to a prototype application,
featuring several sections of a field trip simulation. The evaluation of the principles of im-
mersion, interactivity and communication shows that, while Story Maps cannot compete
with highly-immersive Virtual Reality or Augmented Reality systems in terms of sensory
experience, they are able to convey topics through a large variety of multimedia data
types, presented in a clear way. The Story Map Journal template allows various forms of
interactivity when incorporating web-applications, but is most suitable for a linear order
of content with limited potential for branching or independent user navigation. Com-
munication tools can be used in several joints of the template, if necessary. An "ideal"
VFT section with the Story Map Journal consists of immersive content (overview map,
panoramic pictures or virtual tours), user interactivity with the content (explanation,
experiments and exercises through web applications) as well as communication tools for

Questions &Answers and discussion.
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CHAPTER 1

Introduction

The concept of Virtual Field Trips (VFT) as a simulation of a real excursion or journey
emerged with the advent of the internet in the early 90s. As more and more households
and institutions gained access to the World Wide Web and data processing and distribu-
tion advanced through increasing hardware and software performance, immersive forms of
digital education and marketing became possible. The main benefits of the VF'T concept
were seen in its cost-effectiveness, general logistical advantages, a larger target audience
and possibilities for a global exchange of information and knowledge. Disadvantages and
resentment were continuously challenged by further advancements in technology, leading
to the emergence of a variety of different approaches by private, commercial, educational

and scientific users with different aims and purposes.

Educators intending to use Virtual Field Trips in their course design are, however, con-
fronted with some obstacles. The first and fundamental decision to be made is whether
they want to use predefined material, or will implement an application on their own.
Predefined and often commercial material from the web seems to save time and effort,
especially the troubles of an implementation process, and also allows non-professionals
to use appealing high end technology. By taking a closer look at the plethora of options
available on the web, it will become obvious that freely available VF'Ts are in many cases
poorly documented, of unknown origin and often outdated, either in content or by using
"old technology". Furthermore, the majority of approaches is not based on a solid ped-

agogical framework. Often these VEFTs offer only limited options to apply educational
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concepts and might reduce the learning outcome.

Professional, commercial VFT programs, such as, for example, the LEARNZ project
(HOVELL, 2003), are a way to circumvent such hindrances but will cost the user. Adoption
of the course material can prove difficult for the needs and requirements of the target group
and an adoption to different levels of performance or thematic adjustments might not be

conductible.

The "do-it-yourself" way of tailoring an application to the user’s specific needs therefore
has its advantages. An educator can use his first hand experience in the conceptualisation,
as he knows the target users in their specific characteristics, needs and abilities. Designing
an application to fit into the curriculum is much less of a problem than to adjust the
curriculum or learning goal. On the other hand, development costs at least time and effort,
potentially fees for software, training and hosting. Depending on the technology used,
and this will be the largest obstacle in most cases, technological knowledge is required.
Overcoming these hindrance may be the educator’s responsibility (as well as that of the
institution assisting in the process), but smart technology can help to reduce the critical

factors of time, cost and effort.

The leading questions to ask in evaluating a product are whether the technology is ma-
ture, well understood, inexpensive and widely available. Furthermore and even more
importantly: Will it be able to allow innovative and meaningful teaching? (WARREN
and JONEs, 2014, 623). The optimal tool would therefore be cost free (or coming at a
minimal price), easy to use by non-professionals, time efficient in automating redundant
tasks and well documented to facilitate adjustments and experiments. In its operation,
it would allow the application of educational principles by providing interfaces for ped-
agogical methods and techniques that are known to motivate and enhance the learning

process of the target group.

ESRI’s Story Map applications are freely available with a subscription to ArcGIS Online
(or ArcGIS for Developers), very well documented and come with a builder application,
which allows timesaving and easily accessible workflows. Thus, the product matches the
criteria of cost, time and effort efficiency and can be considered to be of interest even for
a non-technical target group. The combination of their build-in ability to feature map

data or operations and interfaces for multimedia content, makes this tool generally suited
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for the development of Virtual Field Trips. This leaves the last question open, to which
extend meaningful learning activities based on educational principles can be supported
by Story Maps. This master thesis is intended to investigate this potential of Story Maps

for the development of educational focused Virtual Field Trips.

1.1 Goals and objectives

Story Maps are designed for "informing, educating, entertaining, and involving |...| audi-
ences" (ESRI, 2012). The aim of this MSc. thesis is to evaluate the potential of Story
Maps as a tool for development of educational Virtual Field Trips. The focus of this work
is not on a demonstration of what is generally possible in creating and authoring content
with the application, but rather to establish and test a principle based framework, in
which a meaningful use of the application can happen. Virtual Field Trips as an umbrella
term for different technologies and purposes do not provide these criteria on their own,

so it is required to define these criteria over the VFT’s intended use scenario.

Educational Virtual Field Trips are meant to be used in schools, universities or by any
other educational institution as well as in any pedagogical project to convey a topic to
an audience. As opposed to VFTs meant for entertainment and leisure, such use sce-
narios not only demand functionality and up to date technology, but require educational
concepts to be represented in conceptualisation and design. Educators and educational
designers, as the main target group, are thus not only interested in the required investment
(time/effort/cost) but also in prospects of the outcome, e.g. learning effect on the audience
or consequences for further teaching (BELLAN and SCHEURMAN (2001, 155), TUTWILER
ET AL. (2013, 351). In this regard the main question of this thesis can be as:

How can Story Maps be used to develop Virtual Field Trips on educational

principles and where do limitations remain?

Following the "process of technology re-examination" by WARREN and JONES (2014,
623), this question shall be answered through four steps with distinctive goals:

The first goal of this thesis is to clarify the subject area of Virtual Field Trips in establish-
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ing a working definition and to illustrate prospects and constrains of the concept. This
attempt can neither be universal nor exhaustive but shall aid in the decision making and

evaluation process of using Story Maps for Virtual Field Trips.

The second goal is to establish a construction framework, which is grounded on transfer-
able media based learning concepts. Instead of a specific concept, universal, elementary
factors shall be deduced, which should be transferable to a wide range teaching styles.
These factors address the sensory experience (immersion), activities and inquires on the

content (interactivity), as well as interaction between all participants (communication).

Design and construction of a prototype VFT will be conducted in an explorative manner.
Based on specific learning aims, the required resources and necessary steps of the workflow
will be documented in each section of the implementation. The third goal is the simulation
of a test case on which analysis can be conducted. A specific, ready to use Virtual Field

Trip or Story Map is not the goal of this thesis.

The last and most important goal is to evaluate established pedagogical factors against
the prototype to demonstrate capabilities and restrictions of the tool and to deduce which

factors can be addressed by Story Maps sufficiently and which obstacles remain.
The guiding questions in this process are:

e How can multimedia contribute towards an immersive environment that motivates
its user?

e Which forms of interactivity can be implemented in the application?

e Which communication methods can assist in using Story Maps for educational

use cases?

1.2 Methodology

Resources from ArcGIS Online, ArcGIS for Developers and Arc Map were used for an
implementation of a prototype VFT web application. Story Maps can be generated by a
builder application available at AGOL, that guides users step-by-step through the setup
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process. While this workflow does not require the user to have any programming skills,

working directly on the source code allows access to the application’s core functions.

The prototype uses a Map Journal template in developer version, as freely available
through ESRI’s GitHub account®. Uncompiled resources are splitted between ~700 Html,
CSS, JavaScript, and resource files, containing code, styling and structure of the future
application. The Eclipse IDE was used to monitor and analyse the template as well
as to implement own contributions to the source code. Several test applications were
compiled from the source code by using Node.js and grunt in an automated batch script.
XAMPP was used to simulate an Apache webserver on localhost, to which applications

were deployed. Testing was conducted for "Firefox" and "Chrome" web browsers.

To set up the general structure of the prototype’s content and to experiment on various
media types, ArcGIS Online’s web builder application was utilized. Any modifications
were saved in the cloud so that the content remained accessible through an App ID

identifier to all applications and webserver instances.

While Side Panel content could not be generated outside the application and features
dummy text as content, Main Stage media was created through different strategies. Web
maps and related content were generated mainly in AGOL, but resources not available by
the "Living Atlas" repository were created in ArcMap and published afterwards to the
network. Storing map data in the network’s cloud makes it accessible for web-applications
through ID or URL reference.

Several sections of the prototype feature web-applications developed by using the ArcGIS
for Javascript API and an ArcGIS for Developers account. These apps, composed of a
single html file, containing all CSS styling, code and DOM definition, are based on code
samples and widgets of the API2. Modifications and contributions were made by using
the Sublime 2 and Notepad++ Editor. App specific workflows are documented in the

respective section of the prototype (section 5.2).

Coding for the Side Panel contained the development of plugins for the CKEditor, using

Thttps://github.com/Esri/map-journal-storytelling-template-js
2https://developers.arcgis.com /javascript /jssamples/
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the editor’s own API. An instance of CKEditor was deployed to a browser environment

to test the code, before integrating the files into the main application.

After finalization, the Story Map application was deployed together with resources and

scripts to a webserver and is available at the URL storymaps.netau.net.

1.3 Structure

This thesis is divided into six chapters including the introduction. Orientated at a single
cycle of the "process of technology re-examination" of WARREN and JONES (2014, 623),
depicted in figure 1.1, its structure follows the main steps of 1) identification of demands

and specifics of the use case, 2) conception and design of a prototype and 3) project

evaluation.

(A)nalysis Innovation (D)esign

Can | combine T the
b project

1]
'
Lateral

Identify (D)evelop

available th I nk’ n g the project
technologies e

lature

Identify (E)valuate (mplement
existing uses the project the project

Figure 1.1: The "process of technology re-examination" by WARREN and JONES (2014,
623) is used as a guideline for this thesis. "Anaylsis" is conducted in chapter 2 and 3,
"innovation" with chapter 5 and "evaluation" in chapter 6. Chapter 4 contains background
of Story Map "tool".

Chapter 2 provides an overview of the complex topic of VFTs as it is discussed in research

literature. Similarities in preceding approaches are extracted to establish a working defi-
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nition of what can be understood as the concept’s core (section 2.1). Virtual Field Trips
are distinguished by their area of application (section 2.2), which demonstrates the range
of use cases in educational settings but also provides examples of VFTs in the tourism
business. A critical review of the concept’s general advantages and disadvantages (sec-
tion 2.5) illustrates what can be expected from Virtual Field Trips and where potential
limitations or obstacles can be found. Lastly, a discussion of technologies and strategies
used in prior VFT implementations (section 2.4) shall assist in setting apart the specifics

of a Story Map approach.

Chapter 3 establishes the theoretical basis on which an analysis of Story Maps for
the use scenario of educational VFTs will be conducted in chapter 6. The foundation
consists of the main principles of immersion (section 3.1), interactivity (section 5.2) and

communication (section 5.3), as well as their effects on the learning process.

Chapter 4 provides background on the Story Maps as part of the ArcGIS Online prod-
uct range. The first part investigates the characteristics common to the whole application
range: A definition (section 4.1.1) characterizes distinctive properties of Story Maps, while
architecture and resources (section 4.1.2) locate the application in the AGOL network and
highlight interfaces and resources within the platform. Requirements and restrictions to
development and deployment are described in the subsequent sections ( 4.1.3, 4.1.4).
The second part of the chapter briefly reviews available Story Map templates and corre-
sponding story archetypes (section 4.2.1). Emphasis is laid on the Map Journal template

(section 4.2.2), as it will be used in the construction of the master thesis prototype.

The prototype VFT constructed in chapter 5 follows a real educational fieldtrip (section
5.1). Tts implementation is based on an analysis of the VFT’s target group, learning goals
and specific requirements. A story board provides an overview of the goals to be achieved
and tools and resources used in the process. The prototype construction on content level
is documented in section 5.2. Each part is motivated by a learning goal from the original
field trip and an adequate pedagogical tool is chosen. Design choices and workflow are
illustrated in the implementation description. Modifications to the template on system

level are presented in section 5.3.

The results and lessons learned of the prototype implementation are summarized in chap-

ter 6. A critical review of how the educational rationale is reflected in the prototype or
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can be established in a Story map application on basis of the general factors of immersion
(section 6.1), interactivity (section 6.2) and communication (section 6.3). Summary

and a design proposal for an "ideal" Story Map section finalizes the project.



CHAPTER 2

Virtual Field Trips

Over the years, the term "Virtual Field Trip" (VFT) has been used to address a multitude
of concepts, utilizing vastly different technologies implemented by developers with diverse
aims, backgrounds and skills. Generally VFTs as a teaching or communication method
VFTs are relevant to all fields in which topics related to space or area based information
transfer is an issue: While education is the classical domain of Virtual Field Trips and
contributes the largest body of knowledge and experience on the topic, additional use
cases can be found in marketing and promotion e.g. in the tourism business as well as
experience-focused journalism, where geospatial information is a crucial part of the story
(natural disasters, wars, spread of diseases etc.). On the other hand, many approaches that
would qualify for the term VFT because of their conceptual similarities are not labelled
as such, hampering efforts of definition and classification. The vast number of Virtual
Field Trips and equivalents described in literature demands a reduction on core features
and as far as possible, similarities. This shall be accomplished in the following sections
in four steps: First by a literature review of definitions and the identification of said core
elements (section 2.1). Second, by addressing aims and use cases, classifying VFTs by
their purpose (section 2.2). Third, by a generalized critical review of literature analysing
potential and issues of VFTs in comparison to real field trips or traditional teaching
methods (section 2.3). Lastly, an overview of used technologies and approaches shall
demonstrate how previous attempts tried to tackle these challenges from a technological
point of view (section 2.4). Based on such assessment of existent VFTs Story Maps can

be introduced to the list of approaches in subsequent chapters, allowing comparisons and
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the utilization of beneficial components.

2.1 Introduction and Definitions

The term field trip describes "a planned journey through a region to illustrate some
basic and specific (...) phenomena and relationships" (HURST, 1998, 653), which is often
undertaken by educational institutions or by groups of interested individuals. The group
leaves its common environment for supervised first hand experience (KENT ET AL., 1997,
314) and activities that cannot or should not be experienced in a classroom (BOYLE
ET AL., 2007, 301). As KENT ET AL. (1997, 313) state field trips set themselves apart
from other teaching methods by their diversity of suitable in practical and theoretical
concepts as well as their potential to feature various modes of course delivery. Hence
field trips have a high reputation and stable place in professions with strong ties to the
visible environment like geoscience, biology, history and architecture (DYKES ET AL.,
1999). Consequently most research on the didactics and design of field trips is carried out

by teachers or professors of said disciplines.

While the concept of field trips certainly reaches back far in time, there have been notable
changes in content and approaches in the last decades. For the UK Kent 1997 (KENT
ET AL., 1997, 315-318) notes a transition from purely observational and descriptive "tra-
ditional Cook Tour’s" in the 1950s to "problem-orientated, active fieldwork" with the
advent of the "New Geography". Increasing the participation and responsibilities of the
students, the aim of this teaching method shifted towards transferable skills whereas the
role of the staff changed more to that of an assistance to the students activities rather
than a lecturer. In the beginning of the 1990s two developments spurred the introduc-
tion of a virtual alternative to real field trips. First, the massive increase in student
numbers brought additional stress to the already restrained budgets of many educational
institutions which started to look at more cost-effective options (BOYLE ET AL. (2007,
300), WELSH ET AL. (2013)). Second, the evolution of global communication and infor-
mation exchange via internet opened up new possibilities. Computer aided instruction
(CAI) had been used in schools at least since the 1960’s (KULIK and KULIK, 1991) but
mostly in form of computer labs with little to no interaction possibilities for the students.

Virtual Field Trips, sometimes dubbed "electronic field trips" (EFT) presented a new
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form of CAI and an alternative to often cost-intensive and logistically challenging field
trips trough the use of information and communication technology (ICT) (FAUVILLE and
LANTZ-ANDERSSON, 2014). With the advent of internet technology, VFTs were no longer
restricted to educational institutions but could be made by anyone for anyone, reaching

new target groups with a vast range of topics all over the globe.

Historically, there is no agreement which exact event, date or invention can be seen as
the first Virtual Field Trip or initial concept. TUTHILL and KLEMM (2002, 455) already
count implementations of "teleteaching" and conference telephone calls in the 80’s as
"electronic field trips", whereas HURST (1998, 654) cites Apple’s Hypercard videodisc
technology as a starting point in 1987. Nix and AUSTRALIA (1999) on the other hand
see a beginning in the TerraQuest Expedition of 1995 - a ship journey from Argentina to
Antarctica featuring heavy media coverage consisting of daily media dispatches and live
chat using satellite and internet technology. LEARNZ (Linking Education and Antarctic
Research in New Zealand), a video based program supported by the Ministry of Education
of New Zealand also started in the same year and has remained successfully running to
the present day (HOVELL, 2003, 75).

Certainly by the end of the millennium, Virtual Field Trips were rather popular and wide
spread on the net - estimated numbers speak of ~3800 (N1X and AUSTRALIA, 1999, 5) to
300.000 (Qru and HUBBLE, 2002, 76) search engine hits of the term, of course depending
on the specific search engine and use of applied filters. Authors like NIX and AUSTRALIA
(1999), WOERNER (1999), COOPER and COOPER (2001) and SHRODER ET AL. (2002)
tried to record URLs and descriptions of recommendable VFTs, gathering only a small
portion of private, commercial, educational and scientific programs available by then and
mostly extinct by now. But contrary to the richness of available resources the body of text
and level of research on the topic could not keep up with the unequally fast technological
evolution. As SPICER and STRATFORD (2001, 346) state, "even basic evaluation of the
Virtual Field Trip (...) lags far behind. Given how many of these VFTs are appearing on

the web and in the market place this situation is both disappointing and unsatisfactory."

While the "early era" of Virtual Field Trips was rarely examined extensively in science and
is now untraceably lost because of the volatile and short-timed nature of the world wide
web, general problems arise when looking on the estimated numbers above - questions of

definition and taxonomy, what has to be considered a Virtual Field Trip and what is seen
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as un/related technology or derivatives. With increasing diversification of technology,

tools and concepts, this is more of a recent problem than it was in the beginning.

While one does not to have to agree with CASSADY and MULLEN (2006, 150) that "there
is no operational definition that is universally employed for electronic or Virtual Field
Trips (EFT or VET)", a multitude of different approaches, determined by the scientific
background and educational qualification of the creators, as well as technological pos-
sibilities available and known at the time reflect in various definitions of the term. As
this process is ongoing, inventions like Augmented Reality - that supplements the real
world instead of replacing it (SLOCUM ET AL., 2001, 150)- challenge our understanding of
the "V" in Virtual Field Trips. Nevertheless some basic principles shall be derived from

statements of various authors to clarify the term and purpose of the concept.
The most basic definition is proposed by WOERNER (1999, 5):

"A Virtual Field Trip is a journey taken without actually making a trip to the
site (...) and could include slides, a set of rocks appropriately placed around
the classroom, a stream table, a movie or video, a CD-ROM, or the use of the
Internet and Web Sites about a particular site" (WOERNER, 1999, 5).

While the content and use of VFTs is reduced to "making a trip without (physically)
making a trip" it is notable that with this definition the realization is not limited to
computer technology at all but allowing imagination and ICT in a much wider range to
host a Virtual Field Trip. Most other definitions are, however, more restrictive and limit

VFTs to I'T-technology specifically:

"A VFT is an inter-related collection of images, supporting text and /or other
media, delivered electronically via the world wide web, in a format that can
be professionally used to relate the essence of a visit to a time or place" (NIX
and AUSTRALIA, 1999, 3).

According to N1X and AUSTRALIA (1999, 3) a Virtual Field Trip is closely tied to the
WWW, not counting computer based field trips distributed via CDROM, which were
common at this time. Furthermore, in contrast to the definition of Virtual Field Trips
as a "set of linked web-pages" (Qru and HUBBLE, 2002, 76), the definition of N1x and
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AUSTRALIA (1999, 3) stresses on a "mesh-up" realization, which uses various kinds of
media (multimedia). A quite similar approach was already taken by MCCARTHY (1989,
after CASSADY and MULLEN (2006, 150)) to whom "a Virtual Field Trip [is| a computer-
controlled multimedia product that incorporate[s| at least three of the following: text,
audio, graphics, still images, and moving pictures." Concerning the content by NIX and
AUSTRALIA (1999, 3) the smallest common denominator is "the essence of a visit to a
time or place". While this definition declares all possible times and places (and multiple
times and places at once) as suitable, it also introduces with "essence" some kind of

generalization, not that different from what is used in cartography.

The concepts prospects are addressed in QIU and HUBBLE (2002, 75-76) definition, which

considers VF'Ts being an instance of virtual reality.

"VFTs can be described being an electronic exhibition of diverse natural
and cultural phenomena that also provide digital simulations of the three-
dimensional processes of surveying, observing, exploring and adventuring in

some actual field site".

As such VFTs are (or have to be) rich in information, interactivity and design to convey
specific learning concepts (QIU and HUBBLE, 2002, 75-76). Three important aspects can
be deduced from this definition. First VFTs are some kind of virtual reality, defining the
superset VFTs belong to. Second, this also implies that they inherit the same defining
criteria to which VR are measured, namely immersion, interactivity and engagement of
its audience (see TRINDADE ET AL. (2002, 2), section 3). Interactivity and engagement
can be activities like surveying, observing, exploring and "adventuring" instead of merely
reading text, viewing pictures and hearing sound (FISHER and UNWIN, 2003, 1,7-10). As
such, this part can be understood both as a technological and thematic definition Lastly,
QIu and HUBBLE (2002, 75) stress the need of an underlying didactic framework that
distinguishes VFTs from other computer or web applications. A similar statement is given
by SANCHEZ ET AL. (2005, 1):

"Virtual Field Trips utilize state-of-the art technologies to create immersive,
multi-sensory, interactive experiences with real world environments (...) [and]
are designed to be an integral part of a technology-enabled educational system

to teach targeted material and motivate students."
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However, this "state of the art" is continuously changing with the development of newer
technologies. SANCHEZ’s (2005) concept of "interactive experiences with real world en-
vironments" is at this time already hinting towards mediated reality technologies like
Augmented Reality (AR), containing not only a taxonomical problem being amplified by
the more and more use of hand-held devices over traditionally home based PCs: Until now
one could distinguish between a real, physical journey and its virtual simulation, going
well with STEUER’s (1992) definition of "presence" (unmediated reality) and "telepres-
ence”, a mediated presence experienced through any form of communication medium.
AR and hand-held systems are crossing the border of this distinction and lead to ques-
tions like whether an augmented or handheld supported but otherwise "real" field trip
("blended learning", e.g. (JARVIS ET AL., 2008)) can still be considered as "virtual" or
how disconnected a Virtual Field Trip has to be from the natural environment to qualify
for the term. Here we assume that all VE'Ts are forms of "telepresence" (STEUER, 1992),
allowing a broader definition of "virtual" than e.g. by FISHER and UNWIN (2003, 1) but
delimit the term from e.g. said imaginative journeys described in WOERNER (1999). We
further assume that in its traditional application and in most cases the user is not phys-
ically present in the place presented by a VFT but that the possibility exists, that said
user can take the VF'T with him via portable device and can use it to enhance his visit.
For the sake of completeness it has to be noted that recent works (e.g. CALISKAN (2011),
TUTWILER ET AL. (2013), STOTT ET AL. (2014)) mostly skip an accurate definition of
the term VFT in favour of an illustration of the concept’s advantages and act on the

assumption that the concept is already known to the audience.

A definition of Virtual Field Trips in the context of this thesis shall be based on the key
points of NIX and AUSTRALIA (1999) (1.-3.) and QIU and HUBBLE (2002) (4.-6.). as

well as a statement towards of adjacent technologies (7.):

(1) A Virtual Field Trip is based on information technology, not counting non computer

based approaches (imaginative journeys, white board slides).
(2) Tt is composed of various mediatypes (multimedia-mash-up).
(3) ...with the purpose to visit (simulate) time(s) or place(s), reduced to their "essence".

(4) VFTs are an instance of virtual reality and share their defining criteria of immersion,
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interactivity and engagement.
(5) They enable user the surveying, observing, exploring and adventuring of content.
(6) The concept is (shall be) based on good design and a solid didactic framework.

(7) A Virtual Field Trip still qualifies for the term if physically taken to the time or
place represented in its specific content - technologies like AR, Mobile Services and

such are included in the concept despite not being strictly "virtual".

2.2 Areas of Application

From a review of the body of literature on the topic as well as from successful implementa-
tions it becomes clear that education is without doubt the main use case of VFTs. Again,
it is possible that this is related to the concept of "field trips" originating from education,
whereas the term "tours", like used for guided tours or city walks reflects more often in
the term "Virtual Tours" used in e-tourism. In the end both concept share the similarity
of a geographically located information mediation. Main use cases in both fields shall be

illustrated further in the following section.

2.2.1 Educational Environment

The majority of documented Virtual Field Trips is created for learning purposes, be
it schools, universities or e-learning environments. TUTHILL and KLEMM (2002, 456)

propose a distinction in the following types:

"Travel Brochures"
Such VFTs aim to prepare the user for a real trip and give a preview of the coming
experience (STOTT ET AL., 2014, 164). The goal of this approach is to increase efficiency

in learning by avoiding problems of over-stimulation and heavy cognitive load for the
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study group when taking the trip later (BELLAN and SCHEURMAN (2001) or STAINFIELD
ET AL. (2000)). An extensive use of "stimuli" — read images, descriptions, audio and such
- is desired, as the focus lies on the creation of an immersive experience. The sector of

Virtual Tours is closely related to this concept.

"Multi School Partnership"

Split in a hosting and perceiving class this concept connects different groups or institutions
with each other, at least one of them at a remote location (see e.g. ROBERT and LENZ
(2009)). The hosting students are instructed to carry out tasks set by the perceiving class.
Remoteness as a motivator for ICT-based education is mostly common in the USA while
less popular in smaller countries and may be outdated or at least fundamentally changed
in this form by the advent of internet based technology. Obviously the approach relies
heavily on communication technology and is often connected to video based programs and
video-conferencing (TUTHILL and KLEMM, 2002, 456).

"Collaborations"

On a greater scale than "school partnerships", individuals or groups work together to
create a body of knowledge, to share media and insights with each other or to carry out
research in remote areas. While this idea is widespread in entities like Wikipedias and
VGI, STAINFIELD ET AL. (2000, 259) remark that international collaborations on the
field of VFTs are rare. TUTHILL and KLEMM (2002, 456) cite the "Virtual Geography
Department" running from 1996-2006 and maintained by the University of Colorado as a

prominent example.

"Professionally produced multi-media VFTs"

Programs produced by commercial provider like specialised companies, television stations
or larger educational institutions and therefore often restricted in access for the public.
As TuTHILL and KLEMM (2002, 456) states, these programs often contain additional
infrastructure and feed-back-mechanisms like discussion groups, chats or quizzes besides
the main delivery method of the content which is often video-based. A well-established
representative of this kind of VFTs is LEARNZ - "Linking Education and Antarctic
Research in New Zealand" (HOVELL, 2003).

"Threaded VFTs"
Threaded Virtual Field Trips are defined by TUTHILL and KLEMM (2002, 457) as guided
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tours through the web, based on a pre-sorted collection of relevant web-sites chosen by
professionals as well as specific compilations of teacher resources arranged in "threads".
Apparently this approach did not prevail in the form of "pre-selected web-sites" with the
rapid growth and constant change of the internet. The idea of linking or merging mate-
rials from a great range of available sources and with a pedagogical profound framework

has found its way in the development of sophisticated Virtual Learning Environments
(VLEs).

2.2.2 Virtual Tourism

AYENI (2006 after BALOGUN ET AL. (2010, 601)) specifies three general sectors of
tourism: Cultural tourism deals with in human culture and history and takes place at
locations like museums, monuments, festivals and settlements. Ecological tourism centre
on non-human aspects of the world and seeking interest in landscapes and biota, often
condensed in national parks, heritage sites and zoos. Modern tourism is instead focused on
‘'modern’ day life, like shopping tours, travel and visitation of modern buildings and infras-
tructure. All three sectors can be addressed by means of virtual tourism or "e-tourism".
GUTTENTAG (2010, 637) identifies six purposes for the use of "Virtual Reality" which

could also be transferred to the implementation of VFTs in this area:

Planning and management

Realistic 3d modelling, navigation and profiling make VR suitable for planning and re-
search purpose - e.g. to simulate different perspectives, scales and dynamics of a des-
tination features, as an immersive visualization and presentation of tourism plans or to
aid in calculating capacities, routes and user choices (GUTTENTAG, 2010, 637). From
the viewpoint of tourist needs, similar tools can assist in journey or tour planning and

management, where VFTs can at least pose as an example or guide.

(Destination) marketing and promotion

As stated by GRATZER ET AL. (2004), tourism products have to be purchased without
the opportunity of prior testing. Therefore precursory information acquirement is of
great importance. Through the creation of a sensory rich experience and deliverance

of destination information, potential tourists can be influenced towards the promoted
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destination (GUTTENTAG, 2010, 637) VR, and VFTs in general, are able to create and
intensify the desire to visit a certain place (BUHALIS and LAw, 2008, 18). This can be
of special importance if sites and places are yet unknown to the customer or the public
(BALOGUN ET AL., 2010, 601).

Entertainment

The majority of VR applications consists of games designed for entertainment systems like
PCs, video and hand held game consoles. While GUTTENTAG (2010, 642) additionally
counts VR based attractions like simulations and games at theme parks or tourist desti-
nations as part of this category, the main ties to Virtual Field Trips can be seen in areas
like geogames, treasure hunt, ralleys or geocaching (see e.g. SCHLIEDER ET AL. (2006),
MATYAS ET AL. (2008),ANNETTA (2010)). "Entertainment" can also be understood as
browsing through a VFT for recreational purposes without the aim to visit the place or

achieve any learning goal.

Education

While in education pedagogically profound knowledge transfer comes first, it can be ex-
pected that in tourism the factor of entertainment and recreation takes a larger place.
Nevertheless educational tourism is widespread and can be found in electronical visits
to remote places or virtual tours through museums and exhibitions embedded with user
information as well as tools for researchers to observe and simulate objects from different
scales, perspectives and times. See e.g. WANG ET AL. (2002), GONTAR (2013)

Accessibility

VR simulation can assist disabled persons in the visitation of a non barrier free location
or by replacing the actual visit with a virtual journey. Since some potential sites might
be too remote, endangered by large groups of visitors or simply not accessible at all, a
virtual representation may pose a vial alternative to an actual visit for everyone (see e.g

ELLEVEN ET AL. (2006)).

Heritage Preservation
As a mixture of promotion, education and accessibility the preservation of objects in their
digital form can be realized through VR and even enhanced by displaying uncommon

perspectives and scales (see e.g. DIAS ET AL. (2004)).
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2.3 Potential and challenges of VFTs

The analysis of problems and potentials of VF'Ts is an ongoing discussion and takes up
a lot of room in literature. The biggest influence on existing viewpoints are without
doubt the technological possibilities available at the time of discussion. E.g. an author
commenting on limited realism of Virtual Field Trips in the beginning of the 90’s may
think of webbrowser technology but was not yet familiar with the possibilities of AR and
advanced VR technology 20 years later. Nevertheless a review of literature on benefits
and challenges illustrates the importance of certain key factors or "best practices" and is
a prerequisite to understand the context or environment in which new contributions to

the topic have to be made.

2.3.1 Advantages of Virtual Field Trips

While there is a great consent (see BELLAN and SCHEURMAN (2001, 1600), Qiu and
HUBBLE (2002, 78), STUMPF ET AL. (2008, 388), ROBERT and LENZ (2009, 120)) that
Virtual Field Trips can and shall not replace real excursions, VETs add a number of

advantages and possibilities to the concept, some entirely reserved to the virtual world:

VFTs are able to solve several logistical problems arising with real excursions like costs,
transport, lodging, food, equipment and language barriers (HURST, 1998, 656). This
"geographical autonomy" (KIRCHEN, 2011) ranges from the simple comfort not to
leave a location, over complete independency from the weather and possible dangerous
situations (ROBINSON, 2009, 4) to the chance to visit hazardous, fragile or unreachable
places - the latter especially important for students with disabilities (see ELLEVEN ET AL.
(2006), STUMPF ET AL. (2008)). The experience can also be divided into multiple units
(or over several lessons), easily reproducible various times and accessible from home (or
any location with network access). This massively aids students in learning at their own
pace (ARROWSMITH ET AL. (2005), MCMORROW (2005, 225), ROBINSON (2009, 12)).

In comparison to textbooks VETs have no size limit, cannot be lost and are easy to modify
or update (STAINFIELD ET AL., 2000, 257). Depending on the institution’s infrastruc-

ture or access to resources (computers, trained staff) as well as the intended program,
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VFTs might have high start-up-cost but can prove cost and time efficient (MEEZAN and
CUFFEY, 2012, 5) especially as the program can be re-used by several groups or classes
(KIRCHEN, 2011). On a greater scale, VFTs can be used internationally reaching a wider
target-audience of potential users or customers and using all the accessibility benefits of
the world wide web (STAINFIELD ET AL., 2000, 257). All together these factors can be

summarized as "logistical advantages".

Perception and concentration during real field trips can prove difficult, depending on en-
vironment, class and teaching methods (TUTHILL and KLEMM, 2002, 454). Its virtual
equivalent can solve issues of "overcrowding", as the content is directly presented on the
device without hindrance in view or sound. If the experience can be paused or repeated,
note-taking, discussion and problem solving no longer pose as an interfering issue. Virtual
Field Trips are able to provide fundamental new experiences, as they bypass temporal,
spatial and technical borders and allow for new scales and perspectives (TUTHILL and
KLEMM (2002, 454) and QIu and HUBBLE (2002, 77)): In content they can range from
microscopic to planetary resolution (HURST, 1998, 656), they can incorporate the view
through a microscope, ground perspective and birds-eye-view (satellite and aerial images)
at once, can overlay maps, diagrams, statistics and all kinds of multimedia as powerful
mash-ups (WOERNER (1999, 5), MCMORROW (2005, 224)) and even visualize temporal
changes, dynamics and immersive ’time-travel’ topics (JACOBSON ET AL., 2009, 572).
HURST (1998, 656-657) and others even suggest the incorporation of pre-defined exper-
iments in a kind of "online lab", permitting complex experiments in a simple way with
instant although more or less predefined test results. Links, if used, can offer multiple
ways of non-linear navigation through the content and therefore support different means of
problem solving or learning approaches benefiting the user in his individual choices. Links
can become short cuts for sections already known or enhance further reading through the
connection of external course ware and additional information, thus permitting flexible
levels of learning intensity (STAINFIELD ET AL., 2000, 257). Such "perceptual advan-
tages" make Virtual Field Trips the ideal medium to deliver complex topics (NIX and
AUSTRALIA (1999, 11), JACOBSON ET AL. (2009, 572)).

Particularly for environmental education, FAUVILLE and LANTZ- ANDERSSON (2014) states
that VFTs meet several requirements to be an effective EE learning activity based on UN-
ESCO 1975/77 and teaching awareness, value and feeling, problem solving skills as well
as incorporating international and locale aspects (FAUVILLE and LANTZ-ANDERSSON,
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2014, 253).

2.3.2 Disadvantages of Virtual Field Trips

While there is a long list of advantages and new possibilities introduced by VF'Ts, bias
and limitations exist not only towards their ability to fully simulation real field trips.
WOERNER (1999, 1-2) as well as TUTHILL and KLEMM (2002, 453-454) summarize the

extensive body of literature on the topic of real excursions in five main pedagogical goals:

e Sensory simulation of all five senses, various physical activities possible,

Practical experience, connection to real world topics, elevated realism,

Support of and interaction with the actual learning topic in class,

Enhance general or specific motivation,

Support different learning modes, give new feedback possibilities to the teacher.

It is obvious from this list that not all points can be addressed sufficiently in a virtual
environment - although depending on approach and implementation. Physical activities
for instance are limited to interactions with a computer - at least in terms of "classical"
Virtual Field Trips and without counting the more recent prospects of highly immersive
VR, mobile technologies or AR implementations. Sensory stimulation when happening
in the virtual world is mostly restricted to sight and hearing while taste, touch and smell
are subject to the analogous world (HURST (1998, 656), STUMPF ET AL. (2008, 388)).
Stated in a sarcastic way by QIU and HUBBLE (2002, 76): "If you want to examine a rock
you need to pick it up and hit it with a geology hammer — this then is your experience.
(...) These benefits are absent from VEFTs". Another such fundamental problem in the
simulation of real field trips through their virtual counterparts is referred to by QIu
and HUBBLE (2002, 78) the "lack [of] the serendipitous nature of discovery". While not

elaborated further by the authors, the quote can be understood that this "serendipitous
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nature" includes all kinds of dynamic and spontaneous developments during a field trip.
A VFT in contrast is predefined and leaves room neither form unforseen events (may they
be good or bad), unforeseen events or alterations nor for uncommon solving approaches,

experiments and learning through failure (HURST, 1998, 656).

Other drawbacks as listed by QiU and HUBBLE (2002, 77-78) are less fundamental and
more of "technical issues" than general disadvantages. A sense for dimension, distance,
size, form, topology or spatial extend while maybe best achieved in the field, might also
be taught through maps, models, images or animation (JACOBSON ET AL. (2009, 572),
BARTA-SMITH and HATHAWAY (2000, 262), MCMORROW (2005, 229)). Fluid interactions
with real people like lecturers or experts (QIU and HUBBLE, 2002, 77) nowadays are of a
lot lesser concern than in the ’early days’ of the internet, but potential problems still arise:
Real-time interactions require much effort and thus often generate high costs (KAIBEL
ET AL., 2006, 202), whereas written forms of communication may lack emotions, can
be impersonal, delayed or misleading and may result in frustration or distraction from
the topic (STUMPF ET AL., 2008, 388). As STAINFIELD ET AL. (2000, 260) remark "in
the field, interaction is with people and places: in a VFT, interaction is with time and

space".

Data retention still is a problem but has changed its nature from limited storage space
on CDROMs (Qiu and HUBBLE, 2002, 76) to increasing data sizes and traffic costs.
Quality control also includes a currentness of data as content and infrastructure (links,
storage paths, hosting) changes with time (e.g. NIX and AUSTRALIA (1999), TUTHILL
and KLEMM (2002, 458)). Such concerns can be summarized as "maintenance issues"
(DEMIRCI, 2011, 50) which might seem absent in real field trips but in fact manifest in a
different way e.g. as costs for equipment, training of the staff and filing of needed course

material.

Apart from technology and content, the methodical framework and pedagogical context
in which a VFT is implemented also leaves room for flaws and errors ("framework
issues"). These, while not system inherent problems and not fully solvable by good
design or maintenance practice, demonstrate that a framework has to be provided and
the concept itself — like its real world counterpart - is not stand-alone or solveable with
mere technology. In a comparison BELLAN and SCHEURMAN (2001, 155) illustrate that

such possible pitfalls are shared between field trips and their virtual equivalent alike: If
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not embedded in a solid pedagogical framework and lacking sufficient preparation (e.g.
of topic and goals, introduction of used technology) on part of the teacher and students
alike, field trips will not enhance learning but instead overwhelm the audience (TUTWILER
ET AL., 2013, 351) and the effort is reduced to mere "babysitting" of students or simply
saving of work for teachers (BELLAN and SCHEURMAN, 2001, 155). A similar effect can
emerge out of pre-made VFTs as they may lack connection to locally relevant topics or
overstrain students if inappropriate for their specific needs and learning level, reducing the
advantages of globally available online field trips (TUTHILL and KLEMM, 2002, 458).

Cox and SU (2004) summarizes: "The bottom line is that the success of VFTs like tradi-
tional field trips, are massively dependent on preparation for the experience, engagement
while on the trip and carefully planned reflection after the field trip is over.” Such criticism
is agreed upon by most other authors (WOERNER (1999, 6), QI1U and HUBBLE (2002, 78),
HoOVELL (2003, 4-5), ROBERT and LENZ (2009, 121), ROBINSON (2009, 4)). Although
it is mostly the school’s or institution’s responsibility to choose and incorporate suitable
VFTs into the instruction (MARTIN ET AL., 2014), clever design decisions can assist in
doing so (ROBINSON, 2009, 9). As VFTs are over-abundant on the internet but rarely
contain metadata for the background of their creation, their purpose, the competence
of their authors and list of references, quality standards or guidelines to separate useful
and non-useful content are very much needed (ROBINSON (2009, 10), QiU and HUBBLE
(2002, 78)). Lastly there are possible "systemic issues" (DEMIRCI, 2011, 50) which can
prevent a successful realization in the first place — e.g. lack of motivation, time issues
from the teacher’s side or from the school (TUTHILL and KLEMM, 2002, 454).

2.4 Technology

The issues illustrated above are approached with evolving technological means and a
selection of approaches shall illustrate previous design choices and implementation efforts
by other authors. A review like this is helpful to understand the niche for Story Maps,
or web applications in general, in the context of VFTs. Because of the multitude of
implementations some basic classification is needed which can neither claim to be universal
nor exhaustive. Most recent approaches do not rely any more on a single tool but use a

conglomerate of different methods.
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2.4.1 Web-documents

This type of Virtual Field Trips is centred around several web documents or stacks as-
sociated with each other through links which shall establish logical connections, order
and hierarchy of the content and allowing the user flexibility in approach and navigation
(STAINFIELD ET AL., 2000, 257). These VFTs often qualify for the category "threaded
VFTs" (see TUTHILL and KLEMM (2002, 456)) and were especially common in the 90’s
as the technology is relatively simple and based on HTML/CSS web documents (read
pre-AJAX and pre-web applications), ubiquitously popular at that time. While most
data types (media) can be supported in some way, WANG ET AL. (2015, 3) acknowledges
severe disadvantages in this type of VFT, as e.g. spatial relationships and operations
could only be poorly represented in a data storing method based on file directories and

self-contained web pages.

* One of the earliest realizations using "Supercard" technology is described in (HURST,
1998, 656-657): This development environment for MacOS was based on stacks, con-
taining various media formats like QuickTime videos, images, audio and text while fully
customizable through its own programming language. Several VFTs were developed,
edited and distributed nationwide on CDROM by students and faculty members of Duke
University, North Carolina. Later versions of the Virtual Field Trips featured a content
framework (pages for introduction, table of contents, overview, glossary, references, user
help), navigation buttons as links to different pages and a separate window for note taking
and reporting results. User activity was enhanced through various experiments and tools

to examine the content.

* In MCMORROW (2005), a virtual tour to Dark Peak (UK) based on website technology is
used to prepare students for a real field trip to the site. As shown in figure 2.1 the concept
is based on a series of linked webpages, containing text, annotations, block diagrams and
all kinds of images (e.g. ground photos, aerial view, airborne images). User navigation
is provided in two ways: As the user is supposed to take the tour in a logical-thematic
order, a set of linear structured links is used to connect the content pages. To access
POIs directly, the interactive map can be used. Popups, references and a glossary provide
additional information (MCMORROW, 2005, 229).
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Main home page

MY virtual Tour 'mini-home*

Glossary & References
‘mini-home*
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step of lour

LY

i~ Themes "‘mini-home”

Figure 2.1: Example of a VFT structure based on a hierarchy of html web documents
(McMORROW, 2005, 229).

* Another example of a html based VFT is given by STUMPF ET AL. (2008) and still
accessible!. The excursion consists of a couple of stops around Tempe Butte, Arizona.
POI can be viewed in order or through links displayed on an aerial photograph of the site.
Each stop has text explanations, images or graphs and features a small panoramic photo
with additional links to subitems with further information. User activity is restricted to
navigation and perception. The VFT was designed primarily for the use at a computer
lab and was embedded in a course structure where students had the opportunity to ask

questions to instructors present at the lab.

* A several day spanning journey to Mexico was simulated by JACOBSON ET AL. (2009).
Visits to a museum, an Ecological Park and several other sites demonstrate the VF'T con-
cept on a larger scale (n>1 sites with several stops). Remarkably, HTML/CSS templates
were deliberately chosen because of cost effectiveness and reproducibility, as "technology
(...) was not a goal of the project" (JACOBSON ET AL., 2009, 574). Instead of more evolved
but also more expensive methods, resources were spent for gathering content through an
actual visit of Mexico City. The team visited all places themselves, took pictures and

videos and did interviews with the residents. In its final form the Virtual Field Trip

thttp://alliance.la.asu.edu/gph111/Virtual TempeButte/intro/overview.html
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consisted of the usual multimedia formats (videos, animations, slideshows, pictures, text)
with a strong emphasis on maps, manipulable through a Flash-based interface. Students
were able to toggle and overlay different map layers to conduct experiments and discover
relationships (FAUVILLE and LANTZ-ANDERSSON, 2014, 260-261).

2.4.2 Video based programs, Video-conferencing

Videos are widely used as they can easily be embedded in web pages or linked to maps.
As such, this category contains only programs which rely mainly on videos for knowledge
transfer, while other forms of media and communication are complementary or play a
minor role. Most programs have in common that while they are able to present intensive
visualization, they often lack interactivity (HURST, 1998, 654), resulting in limited control
over the program (TUTHILL and KLEMM, 2002, 455), not allowing for alterations in pace,
order and extent of the presented material. As such, these VFTs do not qualify for
the term "Virtual Reality", nor do they have strong ties to more spatial related VFTs in
other categories. Depending on the technology used, especially if developed autonomously
by the institutions rather than acquired by a professional company, high start-up and
maintenance costs for equipment and staff can arise (ROBERT and LENZ, 2009, 129). As

such these VEFTs are mostly focused on whole classes rather than single individuals:

* One example is GIFT ("Guided and Interactive Factory Tour") introduced by KAIBEL
ET AL. (2006) which is based on the more complex RAFT ("Remote Accessible Field
Trip") project, using solely video-conferencing (VC) to connect companies with students
through the internet. A VC - experienced factory guide is using a portable camera and
microphone to run a previously determined live tour through the facility while it is up to
the classroom to ask questions and make requests during the conference (KAIBEL ET AL.,
2006, 202-206).

* In the predecessor "RAFT" the class was additionally split into a field team taking
notes and pictures while the classroom group is coordinating the team via audio and text
messaging, asking questions, reviewing results and also doing interviews with experts at

the site through video-conferencing (KAIBEL ET AL., 2006, 200).

* A similar approach was used by ROBERT and LENZ (2009) in "Cowboys with cameras".
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By using cameras, laptops and a satellite uplink, a group of students broadcasted their
field trip to the Moab desert via several video dispatches each day, while a second group
of students viewed the material in the computer lab. Interaction was again established

by transmitting questions and orders to the field team.

* zipTripsTM is a biology themed program that utilizes pre-recorded videos as well as live
segments to connect middle school students with researchers and scientists (ADEDOKUN
ET AL., 2012, 607). Question and answer sessions are embedded in the show or held
through the website to incorporate interactivity (ADEDOKUN ET AL., 2012, 613), while
experiments and live interaction were recorded in front of a studio audience. The goals of
these about 45min. long show segments titled "Electronic Field Trips" were to promote
interest and knowledge in science as well as to elate students to take up a career in natural
science (ADEDOKUN ET AL., 2012, 608).

2.4.3 Virtual Reality

While we use a broader definition of "Virtual Reality" (VR) than other authors in this
thesis, some VFTs still qualify for a more strictly stated definition, eg. given by FISHER
and UNWIN (2003, 1, 7-10), where a user is engaged in a highly immersive artificial envi-
ronment. Per definition a multitude of technical solutions ranging from panoramic image
based virtual tours, responsive multimedia systems (RMS) to complete artificial virtual
worlds (3-DVE, VGE) are understood as implementations of Virtual Reality. Some diffi-
culty arises as Virtual Tours or Virtual Environments are rarely explicitly named "Virtual
Field Trips" although possibly sharing some of the terms characteristics and purposes.
All members of this group strongly focus on interactive graphical representations, often
through 1st or 3rd person view, and in such being titled as "Avatar VFTs" following the
taxonomy of TREVES ET AL. (2015, 2). Besides the importance of interactivity, immersion
and motivation can be enhanced with features adding towards realism (e.g. simulation of
environmental effects)(PROCTER, 2012, 984).

* An example of a low-immersive VFT is given by SANCHEZ ET AL. (2005) who used
panoramic photography in the creation of a virtual world for the K-12 education target

group. Based on a preliminary story board which defined the pedagogical framework
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(stations, learning goals, targeted vocabulary) a "natural walk" of different scenes was
constructed that incorporated audio and text presentation, pre set activities and events as
well as a pedagogical agent to assist the children in their tasks. The VEF'T was displayed

on standard PCs and navigated by mouse and keyboard.

* TUTWILER ET AL. (2013) simulates the Hsiaoyukeng Walking Area, Taipei, Taiwan
through VirtoolsTM (Dassault Systémes), a higlyh immersive "Virtual reality Learning
Environment for Field Trips (3DVLE(ft))" system. Similar to video games, the software
is able to picture landscape, buildings, features and visitors in 3D, enabling the students
to explore the site through first-person view, switching to third-person during conversa-
tion with NPCs. Even weather is simulated to contribute to a realistic field trip. While
students have to pass several checkpoints in the visitor centre in order to meet the cur-
riculum’s goals, the outside NPCs ask them questions in form of a hidden assessment.
According to the authors, the design choice to double features and learning goals both in
the centre and in the park, helps to filter relevant information and thus reduce "cognitive
load" (TUTWILER ET AL., 2013, 355).

* A highly-immersive approach and quasi VFT via RMS-based storytelling is demon-
strated by LEE ET AL. (2005). Users visit a Buddhist temple and learn about its cultural
and historical background through several events at points of interest (POIs) where the
user can interact with the environment. The system is split into three parts: A multi-
modal tangible user interface allows for the exploration (navigation) and manipulation
of the virtual environment through a set of haptic (ARtable, objects) and visional (cam-
era tracking) controls. Reactions on this input are generated by "Unified Context-aware
Application Model for Virtual Environments" (viUCAM) that takes a previously defined
user profile into account, allowing a personalization of the experienced story. The virtual
environment itself is generated by a manager (VEManager) through dynamic 3D graph-
ics and sound. In comparison to traditional VETs the approach of LEE ET AL. (2005) is
focused on genuine understanding through personalization (response on user action, story
modification depending on user profile), sensory stimulation (sight, hearing, touch) and
interaction (e.g. manipulation of objects), rather than passive story deliverance by text

and picture.

* PROCTER (2012) uses Second Life (Linden Lab), a widely known multi-user virtual

environment (MUVE), as an immersive virtual world to stage a micro-sociology focused
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field trip. Student tasks include character creation and documentation of their in-world
decisions. Field reports and discussions in class were used to reflect the field trip and
students had to write several essays to describe their experiences and to link them to the
theoretical framework of the course (social constructivism). These essays were used by

the teacher to evaluate the course and to make alterations in the following years.

2.4.4 Location Based Services, Augmented Reality

Where Virtual Reality replaces the natural environment through an artificial simulation,
Augmented Reality tend to enhances the former with digital content and methods Mc-
CONATHA ET AL. (2008, 1). In a strict sense, AR would therefore have no place in an
assessment of virtual technologies. However, with the advent of handheld devices and
smartphones, an exclusion of the latter would seem questionable, as such technologies al-
ready compete with purely "virtual" approaches. In context of computer aided instruction
and e-learning, location based services can enhance VR in the form of blended learning

(SHARPLES ET AL., 2009). Two examples shall be provided:

* JARVIS ET AL. (2008) proposes an AR system to field learning in geomorphology where
the visualization (imagination) of landscape-processes plays an important role and is often
difficult for students. In its first instance the application runs on a PDA with the aim to
transfer it to a head-mounted display (HMD). In previous years, students were prepared
for the field trip to experiment with photographs, topographic maps and DEMs in the
computer lab. The benefit of hand-held systems like PDAs is that such background
information can be directly displayed at waypoints in the field if needed - e.g. to visualize
a pleistocene glacier which melted afterwards. It is notable that the system evolved from
a traditional VF'T-like approach where the scenes were prepared in advance in the lab and
the students were asked to navigate with on screen support of their PDAs to a certain
waypoint and to compare prepared scenes with the real view on the site (PRIESTNALL and
POLMEAR, 2006). A sketch function and audio explanation regarding the visible features
were also supported. The proposed successor by JARVIS ET AL. (2008) transfers vision
from the PDA screen to head mounted display to dynamically merge the visible reality

with artificial layers, localized by GPS and motion sensors.
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* In the context of nature conservation and protected areas DIAS ET AL. (2004) developed
an application for mobile devices providing tourists with a wide range of information
about conservation sites in the Netherlands and Switzerland. The content is twofold:
First tourists are aided in their visit by tools for navigation and spatial queries (e.g.
distance, directions, projected arrival time, picnic places) based on location data. The
second part consists of environmental research data (e.g. probability and density maps of
wildlife) as well as information and commentary on biota encountered in the park. Data
is requested via UMTS or GPRS from several data bases and web-services (WMS, WES),
cached on the device and filtered by user preferences, location and time (DIAS ET AL.,
2004, 5). The project was part of "Web Park" funded by the European Commission.

2.4.5 Web maps and WebGIS

According to WANG ET AL. (2015), most approaches to the topic of VFT lack in "content
presentation, data organization and (...) representation of spatial information", meaning
spatial operations, localization and relationships (WANG ET AL., 2015, 4). Such short-
comings can be solved by maps and the use of Geoinformation Systems. Proficiency in
GIS is however much less common than e.g. basic HTML scripting or recording videos,
hindering attempts of easy-to-use VF'Ts for inexperienced users. This might be the rea-
son that GIS based VFTs are rather sparse and instead more often realized by Google
technology lacking many functions of a fully developed GIS (PATTERSON, 2007).

* ToNG and DONG (2010) demonstrate immersion and interactivity in Virtual Tours
for tourism industry through the application of a navigation and query system. Based
on a WebGIS, this system provides information on attractions (POIs), does distance or
best route calculation and allows for sorting functions by name, tourist rating and type.
Annotations and hot links provide multimedia content (descriptions with text, images,
video) on various spots whereas service functions assist the users in the usage of the
application. The "virt. conclusions tour function" is a routing system for mobile systems,
where preselected tours are stored as a line layer with landmarks created by Google Earth.
In doing so the system unites characteristics of both a virtual tour (or field trip) and a

navigation system.
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* MEEZAN and CUFFEY (2012) use Google Maps technology in Virtual Field Trips to
teach Geomorphology to Community College students. The .kml based map layers of
satellite images, topographic and thematic content were merged as mash-ups and ulti-
mately incorporated into websites, thus bearing high resemblance to Story Maps were
multimedia overlays are also created on top of an existing base map. In contrast to
these, the system is based on webpages and uses "traditional" hypertext links to navigate

through the content instead of a map foundation to access the media content.

* More an information system than a Virtual Field Trip, MARTIN ET AL. (2014) use the
Google Map API to represent the results of an assessment of geoheritage site inventories
in Switzerland. Features of the site are either stored in a MySQL database or as .kml files
and are displayed on a Google base map. Various tools were implemented to navigate
through the content, to add custom or additional layers as well as to alter the map type
and display (query builder, navigation tools, interactive legend). Point, line and polygon

features are selectable, to access images, profiles and text explanation via popup.

* A "teaching assistant system for geography field practice (TASGFP)" is introduced
by WANG ET AL. (2015), utilizing a variety of different spatial information technologies
like WebGIS, web services and remote sensing. In resemblance to Story Maps, the front-
end contains a base map to which geo-referenced multimedia files are connected through
coordinates. Organized in POIs called "practice locale" these stations further contain
several subtopics ("knowledge points") to which teaching resources are linked. POIs
can be accessed by their tabular listing in a side bar, by selection on the map or by
following a route, allowing different forms of access. Last mode also includes a "roaming
function" that displays a video showing the corresponding walk or car drive with exact
coordinates along the route. The back-end design utilizes ArcSDE (ESRI) as spatial data
engine as well as a relational data base for storage and management purposes. Function
modules provide interoperability between data server (data storage), GIS server (spatial
operations) and Web server (visualization) (WANG ET AL., 2015, 12).

* As part of an experiment to track student movement and behaviour, TREVES ET AL.
(2015) prepared a simple VFT through the Google Earth API. The students took two
voice narrated tours to get familiar with the navigation tools and to get an introduction
to the topic of palaeo-landscape identification in Geomorphology. Following up was an

assignment to identify previously explained landforms by themselves and a closing test on



36 Chapter 2 Virtual Field Trips

the subject. While the VFT does seem simple in comparison to other Virtual Field Trips,
it demonstrates the utilization of user movement profiles and their usefulness as feedback

to evaluate and improve a course.



CHAPTER 3

Educational Rationale and Concepts

The necessity for education focused Virtual Field Trips to be based on fundamental di-
dactic principles has been stressed in definitions and the review of challenges for virtual
excursions (section 2.5). Specifically this group of VFTs can be seen as part of the bigger
concept of "Virtual Learning Environments" (VLE) and have to be measured to the same
educational principles if designed for this purpose (FAUVILLE and LANTZ-ANDERSSON,
2014). As several authors note, this is currently not the case for the majority of available
VFTs, where the demonstration of technological possibilities precede a profound didactic
framework and not vice versa (MAsouMi, 2010, 4). It can be assumed that even VFTs
with a more general goal to inform an audience somehow will benefit from being based on
principles concerning learning strategies, user engagement and general motivation. Cri-
teria shall be developed for both, the more strict and the more general educational use

case, in this chapter.

The Joint Research Centre (BOCCONI ET AL., 2012, 9-12) defines the main dimensions for
creative learning concepts based on ICT technology as content and curricula, assessment,
learning practices, teaching practices, organization, leadership and values, connectedness
(social & emotional values) and infrastructure. As the authors state, most if not all com-

ponents have to be addressed accordingly to implement a successful educational project.

In a tripartite scheme of institution/teacher and learner characteristics (SELIM(2005)
after MAsouMI (2010, 6)), VEFTs represent the third, technological factor. While primarily

managing the content, they do have an influence on teaching <-> learning practice as well
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as on the level of connectedness and are in general responsible for providing circuit points
and interfaces that enable a smooth integration into holistic educational concepts. The
latter is especially important as the role of the teacher is transformed from a lecturer to a
facilitator in modern learning concepts (e.g. KLEIN(2003) after KRAKOWKA (2012, 237),
BOCCONI ET AL. (2012, 8)), but also because multiple learning styles and different forms
of interactivity should be supported (MAsoumr (2010, 7-8), BOCCONI ET AL. (2012,

8)).

According to FELDER(1988, after (TRINDADE ET AL., 2002, 2)), most common lectures
are based on verbal, deductive and passive teaching, while the majority of learners favours
sensory, visual, inductive, and active strategies, and show a prominent preference towards
visual-spatial thinking. Further studies discussed in TRINDADE ET AL. (2002) also illus-
trate the importance of a visual-spatial aptitude, especially towards an academic level of
science, including physics and chemistry. While these result indicate a mismatch between
common teaching methods and student needs, they play into the hand of virtual environ-
ments (and the majority of VFTs), as they natively incorporate high amounts of sensory

and visual content.

A summary of "critical elements for online teaching" by REUSHLE ET AL. (1999) (figure

3.1) reflects the demands in design to meet a learner focused virtual education:
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Criterion Method or tool Reference
Study skills for online learning Online study aids Tips, examples, interactive practice
Cognitive skills Cognitive tools Multimedia, tools, databases
Reflective tools Learning diaries, journalling activities Thorpe 1995

Multiple channels

Multiple paths and solutions Hiemstra 1954
Content structure Manageable sized 'chunks'
Overview over content, goals Concept maps, graphic organisers
Different learning pathways available Taylor 1994
Meaningful activities and learner| ,Situated” learning, relevant context Reeves 1952
motivation
User choice on content level, detail
Feedback on learning progress
Learner control and interactivity Various sources of information
(navigation)
Active participation possible Vozquez-Abad &Winer 1992
Intuitive interface design Krause in Donnelly 1956, Conklin 1387,
Heiller 1930
Consistent content structure McDonald & Stevenson 15996
Navigation and orientation tools
Embedded activities — Quizzes, exercises, experiments Label quizzes, numeric exercisas
interactive learning objects
Collaborative learning, group Online discussion groups, chat Roschelle & Teasley 1995, Askew & Carnell
communication 