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Abstract: In landscape planning and design, geospatial technologies (GSTs) are used to aid in
visualizing and interpreting geographic environments, identifying geospatial patterns, and making
decisions around information based on maps and geospatial information. GSTs are related to the
different tools and technologies used to represent the earth’s surface and have transformed the
practice of landscape design and geospatial education. These technologies play an important role
in promoting the development and application of STEM-relevant geospatial thinking. Curricula
that incorporate GSTs have been used across educational levels, from elementary school through
college, and have been shown to support the development of geospatial learning and understanding.
The present work discusses the use of one type of GST, virtual globes, as a tool for developing
geospatial thinking, with a specific focus on Google Earth. This review highlights outcomes of
several studies using Google Earth in the context of disciplines related to landscape design, such as
geography and earth science. Furthermore, the potential mechanisms underlying the effectiveness
of this technology for supporting the development of geospatial knowledge, such as its role in
facilitating data visualization and supporting student’s ability to think flexibly about spatial patterns
and relations, are discussed. Finally, the limitations of the current research on Google Earth as a tool
for supporting geospatial learning are discussed, and suggestions for future research are provided.

Keywords: earth science; landscape planning; landscape design science; geospatial technology;
geospatial thinking; virtual globes; Google Earth

1. Introduction

Landscape planning and design deals with the description, understanding, and vi-
sualization of spaces (open spaces, surfaces, buildings, volumes, vegetation, etc.) in the
landscape or in urban areas [1]. Geospatial technologies (GSTs) include different tools and
technologies used to represent the earth’s surface and have transformed the practice of
landscape design and geospatial education. Learning in earth science can be challenging
for many students because it requires being able to think temporally and spatially, and
often also requires applying these types of thinking in the field [2]. Importantly, proficiency
in earth science requires the coordination of these skills—often referred to as geospatial
thinking—to understand the earth and how multiple interacting complex processes and
systems extended in time can affect it. For example, to understand concepts such as climate
and global weather patterns, students must be able to visualize processes occurring over
large areas of land over long periods of time. Additionally, they need to make inferences
and think critically about how these processes change as the environment changes and
how these processes impact communities.

Because of the spatial and temporal challenges associated with reasoning and learning
in landscape planning and landscape design science, there is often a heavy focus on using
and interpreting visual representations. In fact, being able to effectively use the discipline-
specific tools of representation is an important part of geospatial thinking [3,4]. In earth
science and geography, these tools range from 2D representations like systems diagrams and
topographic maps, such as cadastral maps, to GSTs that provide 2D and 3D representations,
like virtual globes (e.g., Google Earth) and geographic information systems (GIS). Many
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have argued that as these tools become readily accessible and apparent in our daily lives,
all students should be able to use them intelligently and may even need to use them to
participate effectively in our global society. As such, recent education reform initiatives
have emphasized the significance of integrating GSTs into teaching and learning [3,5,6].

Earth sciences and landscape planning and design education has begun to transform
curricula by incorporating GSTs across educational levels, from elementary school through
college. Many researchers suggest that GSTs promote the development and application
of STEM (Science, Technology, Engineering, and Mathematics)-relevant geospatial think-
ing [4,7]. However, as indicated by Baker et al. [3] in their review of research on GSTs and
learning, research on the impact of GSTs on geospatial thinking and student learning is
fragmented and has consisted of mainly small-scale exploratory studies.

Virtual globes, such as Google Earth, are some of the most accessible and easy to
use GSTs. Google Earth (GE) is remarkably useful for examining and appreciating phe-
nomena on the face of the Earth [8]. Google Earth has been used in numerous landscape
studies about geomorphology, such as channel patterns [9], coasts [10], conglomerate land-
scapes [11], dunes [12–15], gully erosion [16–18], desert landscapes [19], and permafrost
landforms [20], among others. Other disciplines related to the land have been studied
using Google Earth, such as erosion mapping [21], fluvial geomorphology [22], geospatial
analysis [23], mapping the land cover [24], and landslides [25], among others.

Because spatial and temporal thinking are required for successful learning in earth
science and geography, and being able to effectively use and interpret the representations
and visualizations relies on geospatial skills, it is critical to understand if and how in-
terventions with these technologies and representations in geography and earth science
help to develop these skills within students. Thus, the goal of this review is to examine
educational interventions in which virtual globes have been used. First, what it means to
learn or understand in the earth sciences and the kinds of skills students must develop
to be successful is discussed. Next, virtual globe technologies, with a specific focus on
Google Earth, are described, and some strengths compared to other virtual globes are
highlighted. Then, a review and examination of seventeen studies of quantitative research
from the period 2012–2024 is conducted. This review summarizes and evaluates the em-
pirical knowledge of teaching and learning with virtual globes and highlights important
methodological and practical differences across the studies. The potential mechanisms
underlying the effectiveness of virtual globes for supporting geospatial learning, such as
their role in facilitating data visualization and flexible thinking about spatial patterns and
relations, are discussed. Finally, the limitations of the present review and prior research are
discussed, and suggestions for how to advance research examining the impact of Google
Earth and other virtual globe technologies on students’ geospatial reasoning are provided.
Thus, the goal of this work is to summarize and evaluate prior research examining the
impact of Google Earth on learning in the earth sciences and offer a perspective regarding
how future research can more effectively develop and evaluate new interventions using
Google Earth.

2. The Role of GSTs in Geospatial Thinking Skills

The earth sciences are characterized by their reliance upon and application of spatial
and temporal reasoning. Specifically, successful learning in earth science and geography
often requires being able to apply one’s knowledge across a variety of scales. For example,
geoscientists should be able to observe physical and chemical differences in ocean surface
waters or in the sedimentary layers of a seafloor core and, from this information, deduce
their possible impact on changes in patterns (spatial) over time (temporal). The ability to
engage with this kind of task represents a great shift in thinking from where most students
begin their studies, whether in primary school, secondary school, or college [26]. This
kind of discipline specific spatial and temporal thinking is often referred to as geospatial
thinking [3].
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2.1. Geospatial Thinking

From a cognitive psychology perspective, spatial thinking represents the domain-
general ability to mentally construct, manipulate, and transform spatial information in-
cluding shapes, locations, paths, and relations among and between entities [4]. Geospatial
thinking, on the other hand, is a domain-specific subset of spatial thinking that occurs
in the context of thinking about the earth’s surface and the various visual forms of in-
formation used to represent it [4]. However, various definitions for geospatial thinking
have been offered. For example, some have defined geospatial thinking as the spatial
and temporal thinking required for solving problems, carrying out spatial analysis, and
reasoning about scale dimensions of the Earth, its landscape, and the environment [7,27–30].
Golledge [31] defines geospatial thinking as the application of spatial thinking to solve
complex geographic problems, and suggests that these skills allow for visualizing, interpret-
ing, and understanding geospatial relationships. Other definitions include a specific focus
on being able to interpret and use domain-specific data and visual representations. For
example, Dold and Groopman [32] defined geospatial thinking as the perception, cognition,
computation, control, reaction, and understanding of physical features and geographi-
cally referenced data, and others have suggested that geospatial thinking is the reasoning
required to solve problems and make decisions related to specific geographical areas, rep-
resented graphically through maps [33,34]. Similarly, the National Research Council’s
(NRC) committee on Support for Thinking Spatially suggested that spatial thinking in earth
science recruits a combination of cognitive skills that rely on knowledge about space, the
ability to use tools of representation properly, and reasoning skills [4].

Across all these definitions, there is a consensus that geospatial thinking encompasses
spatial and temporal thinking in the context of reasoning about the earth’s surface, the
processes that impact it, and that it includes being able to make inferences from data,
interpret different kinds of geographic and geologic visual representations, and integrate
this information into a mental representation that can be used to generate hypotheses and
predictions about how things have and will continue to change over time.

Because geospatial thinking is often considered a subset of spatial thinking more gen-
erally [3], it is important to discuss the specific types of spatial thinking skills it comprises.
Spatial relations skill is a specific type of spatial thinking that is often considered the most
complex and relates to one’s ability to discern patterns and interrelations in stimuli and
representations [35,36]. In the context of geospatial thinking, spatial relations skills are
recruited when having to integrate information across representations and apply high-level
reasoning processes to address specific geospatial problems. In a process called geospatial
analysis, inferences, patterns, and geospatial relationships are analyzed [7].

Spatial orientation skill refers to one’s ability to orientate themselves physically or
mentally in space [37]. Within geospatial reasoning, its role is evident when considering
tasks like using maps. To consult a map, one must orient themselves and establish their
location within a space with the help of reference locations and objects. Spatial orientation
skills are also recruited when consulting geographic information through geospatial tech-
nologies. In 3D representations of the earth’s surface using virtual reality or augmented
reality, spatial orientation skills allow one to position themselves in a certain context repre-
sented in 3D, and remain oriented during motion, that is, while navigating through that 3D
virtual environment.

Spatial visualization refers to one’s ability to mentally manipulate visual information
through the rotation, twisting, or inverting of 2D and 3D objects [38]. In geography and
earth sciences, this skill may be applied when obtaining knowledge through graphic repre-
sentations like maps or diagrams [39] or when understanding dynamic 3D relationships
like plate tectonics [35]. In the context of geospatial thinking skills, some have referred to
this specific subtype of spatial thinking as geospatial visualization or geo-visualization,
and include within it specific tasks like map reading and relief interpretation [5,7,40–42].

It is important to note that many of these skills are related to, or even dependent
upon, each other. For example, spatial relations skills require spatial visualization and
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spatial orientation skills. It is also important to note that performance on spatial tasks has
been shown to predict performance and persistence in STEM domains more generally [43],
and that spatial thinking skills can be reliability improved through training [44–49]. In
fact, a handful of studies have even shown that improved spatial skills via spatial training
interventions can support improved STEM outcomes [50–54].

2.2. Tools for Graphically Representing of the Earth’s Surface: Virtual Globes and Google Earth

According to the National Research Council [4], geospatial thinking within specific
STEM domains is characterized by domain-specific spatial concepts, processes of reasoning
that can be both common and discipline-specific, and importantly, the use of domain-
specific tools of representation. In earth sciences, these representational tools include
technologies designed to provide graphical representations of the earth’s surface, ranging
from traditional 2D maps to geospatial technologies capable of generating 3D maps and
models. GSTs allow for visualizing, mapping, organizing, and analyzing multiple layers of
geographical data. They can be used for understanding the physical environment, but also
when considering decisions around environmental policy and human actions [3,4]. Using
and interpreting the images and maps displayed in GSTs is not only important in the earth
sciences, but also in many industrial fields. Furthermore, it has been suggested that the
ability to use geospatial technologies is becoming a requirement to participate effectively
as a citizen in our modern global society [55]. Thus, there has been a surge of interest in
understanding how GSTs can be used in landscape planning and design education.

One of the most accessible types of GST is virtual globes (VGs). VGs are the most
simplified category of GSTs and include software like Google Earth (GE) and World Wind
from NASA. VGs are free web platforms for geospatial information where users can view
the earth’s surface, search for locations, change scales, measure distances, and use a variety
of other geospatial query functions through an intuitive interface. GE is the most popular
virtual globe application [56]. GE is aimed at the public as a searching and browsing tool
but has also attracted many people from the earth sciences and earth science education
communities because of its ease of use [57]. The interface of GE is designed to allow users
to apply the features intuitively without extensive training [58]. Some have highlighted
the use of VGs like GE in the early stages of geospatial education since they require fewer
resources and infrastructure than other GSTs.

In addition to Google Earth, other technologies have been used to develop geospatial
thinking. GIS (Geographic Information Systems) is a technology that has been shown
to support geospatial thinking [59–62]. GIS involves the use of an integrated toolbox of
hardware and software systems and processes designed to allow an individual to store,
retrieve, visualize, and transform spatial data. Over the last three decades, GIS applications
have extended beyond the field of geography and into various educational domains [62].
Despite many studies demonstrating positive learning effects for GIS-integrated learning
activities, these activities may not be appropriate for all types of students across all settings.
For example, software and hardware limitations can be major hurdles in using GIS in class-
rooms [63–65]. Furthermore, planning geospatial teaching strategies with GIS requires more
preparation and instruction time, and requires qualified training for both the instructor and
students [66–69]. Virtual globes like Google Earth, although they offer less functionality
than other GSTs like GIS, are easier and more intuitive to use [57]. This characteristic has
made them a popular tool in the early stages of geospatial education [70,71].

2.3. Using Google Earth to Support Geospatial Thinking

It is evident that spatial and temporal thinking are required for successful learning in
earth science and geography, and that being able to effectively use and interpret the repre-
sentations and visualizations used in these domains relies on geospatial skills. However, it
is less clear how training and interventions with these technologies and representations in
geography and earth science education help to foster or build these skills within students.
Research has indicated that GSTs, combined with specific teaching strategies, can help
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students acquire geospatial thinking skills [5,49,50]. In terms of VGs like GE, many have
highlighted their potential for the improvement of geospatial thinking [5,41,42,72–74].

Although it has been suggested that GE and other VG technologies can be useful
tools for supporting geospatial thinking, few researchers have attempted to empirically
examine this idea [3]. While many scholarly papers describe curricula that use GE at the
primary, secondary, and undergraduate levels, only a small number have conducted studies
assessing student learning or the development of geospatial thinking skills following the
implementation of a GE intervention. Thus, the goal for the present work is to provide a
systematic overview of instructional interventions using Google Earth, with a primary goal
of summarizing and evaluating the empirical knowledge regarding teaching and learning
with Google Earth, especially in comparison to other methods of teaching. Furthermore,
while dedicated literature reviews on the state of knowledge regarding the impact of GIS
on geospatial thinking and learning exist [75–77], similar literature reviews regarding the
impact of GE on geospatial thinking skills and learning are lacking. Overall, this literature
review aims to examine and evaluate the quality of Google Earth-based interventions
designed to support the development of geospatial thinking and learning. This systematic
review is structured around examining how existing empirical work aligns with the recom-
mendations put forth by Baker et al. [3] in their proposed agenda for research on geospatial
technologies and learning. Furthermore, the format and style of this review is designed to
mirror that of a recent systematic review of GIS-based interventions and learning conducted
by Schulze [77]. To directly address these recommendations, this literature review focuses
on the following research questions:

• Q1: Do learning interventions that use a Google Earth demonstrate improved geospa-
tial thinking and learning?

• Q2: What study designs and methods have been used to investigate the impact of
Google Earth-based interventions on geospatial thinking and learning?

• Q3: What curriculum, subject matter, assessments, and outcome measures have been
used to examine geospatial thinking and learning?

• Q4: How do prior knowledge or other individual-difference variables affect the impact
of Google Earth-based interventions on geospatial thinking and learning?

• Q5: What pedagogical and implementation challenges should be considered when
using Google Earth-based intervention?

3. Materials and Methods

The criteria carried out to select relevant studies related to instructional interventions
using Google Earth have been the following:

- Documentation of the use of a virtual globe technology, with a specific focus on the
use of Google Earth.

- Use of geospatial data within the learning process. That is, included studies required
that students were working with georeferenced data and information describing
objects, structures, events, and phenomena on the Earth’s surface. Because the focus
of this review is on student learning, research that focused on teachers’ experiences
with the technology intervention were not included.

- Demonstration of a competence or cognitive skill outcome measure. Specifically, the
study needed to include competence measures such as domain-specific knowledge
and skills or cognitive abilities like geospatial thinking and reasoning. Studies that
examined the impact of virtual globe technology strictly on attitudes or enjoyment of
the activity were not included.

Additionally, only articles that were peer-reviewed and referred to at least one concrete
research question, described the methods, tools, or techniques used for data collection
and analysis, described the sample by age, gender, educational level, and sample size,
and discussed the research results and findings were included. Using these criteria allows
for the exclusion of articles that describe conceptual or theoretical approaches without
applying an intervention and measuring and analyzing specific outcomes.
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3.1. Selection of Research Studies

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) protocol [78], the identification of relevant studies began with a keyword search
across three different EBSCO databases, including Academic Search Premier, the Education
Resources Information Center (ERIC) database, and the Environment Complete database.
The search was conducted using the subject area keywords Google Earth, student learning,
and virtual globes or digital globes for peer-reviewed academic journal articles from the
period 2012–2024. Only articles since 2012 were assessed in this GE intervention search to
ensure that the most up-to-date content was reviewed, given that technology is rapidly
changing. This search resulted in an initial sample of 97 articles from peer-reviewed
academic journals. Of the n = 97 publications initially identified, n = 17 remained for full
text examination after the screening of titles and abstracts and the removal of duplicates. All
the identified publications, except for two peer-reviewed conference proceedings papers,
were published in international journals (Table 1). All these papers were published in peer-
reviewed outlets, included at least one clear research question, had methods, materials,
and results that were fully described, and included a measure of learning or cognitive skills.
See Table 2 for a full listing of articles included.

Table 1. Identified articles and corresponding publications.

Journal/Proceedings * Articles Identified

Education and Information Technologies 1
IOP Conference Series: Earth and
Environmental Science * 1

International Journal of Digital Earth 1
International Research is Geographical and
Environmental Education 1

Journal of Computer Assisted Learning 1
Journal of Geography 3
Journal of Geoscience Education 3
Journal of Science Education and Technology 4
Research in Science Education 1
The Geological Society of America Special
Paper * 1

Total 17
Note. * Indicates a peer reviewed conference proceedings.

Table 2. Summary of the studies’ main characteristics.

Reference,
Year Study Design Sample Intervention; Duration Outcome Measure Reported Effects

Bitting et al.,
2017 [79] nE, case study

Undergraduates in
introductory physical
geology; traditional
instruction (n = 204) vs.
GE instruction (n = 40)

2–4-week Google Earth
project assignment
completed outside of
class; required finding
locations, making
observations and taking
measurements about
geologic phenomena

- 11 items from the
Geoscience Concept
Inventory (GCI)

- Pre–post change in GCI
- No interaction with

gender

Blank et al.,
2016 [80]

qE, comparative
design

8th grade students
(n = 233) and teachers
(n = 9)

6-week GE curriculum
focused on constructing
explanations from
evidence, interpreting
and analyzing data of
geologic structures

- 30 items from MORSART
database covering
volcanoes, earthquakes,
and plate tectonics

- 1 reasoning ability item
- 11-item science identity

measure
- - Math and Reading MAP

scores

- Pre–post change in
content

- Pre–post change in
reasoning

- Pre–post change in
science identity

- GE gained more at
mid-test than traditional
instruction

- Reading proficiency and
science identity predict
learning gain

- No gender effect
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Table 2. Cont.

Reference,
Year Study Design Sample Intervention; Duration Outcome Measure Reported Effects

Bodzin and Fu,
2014 [74] nE, case study

8th grade students
(n = 956) and teachers
(n = 12)

4-week unit on energy
and climate change
using GE to explore
temperature changes
and climate/weather
patterns

- 28 MC and 3 open-ended
climate change questions

- Pre–post gain in MC
concept test

- Increase in open-ended
items

- Pre-test predicted
post-test

- No gender effect
- Years of teaching

experience predict
learning

Bodzin et al.,
2014 [7] nE, case study

8th grade students
(n = 1049) and teachers
(n = 13)

8-week unit on energy
with 14 days of
geospatial learning
activities (including GE)
and a 1-week GIS
activity

- 27 MC energy items and
11 geospatial reasoning
items (data/map
interpretation)

- Pre–post gain on MC and
reasoning

- Pre-test predicted
post-test

- No gender effect
- Wide variability in

teacher implementation
of unit

Collins, 2018
[81]

qE, randomly
assigned classes

8th grade students
(n = 327) across; 110 in
control (n = 110), GE
(n = 106), and Maps
(n = 111) groups

4-day unit with two
large lessons on map
reading and geographic
features. STAT
assessment given 1
month before unit and
one day after
completing unit

- Spatial thinking ability
test (STAT)

- 16 MC content items

- Pre–post gain on STAT
overall

- Gain in Maps and GE
groups, but no change in
control

- Greater gain in Maps
than GE

- No effect of attitude
towards geography or
technology access

- Weak correlation with
travel experience

Demirci et al.,
2013 [82] nE, case study 9th grade students

(n = 75)

2 h, single day lesson on
coastal processes that
shape coastlines

- 5-item short answer test
requiring identification,
description and location
of coastline formations

- Pre–post gain on
assessment

- Students reported
enjoying activity and
using GE

- Overall performance was
low

De Paor et al.,
2016 [83]

qE, randomly
assigned classes

Undergraduate students
(n = 396) in a general
education “solar system”
course with half in GE
and half in PDF groups

Single lab activity that
focused on a tour of a
terrestrial planet either
using Google Earth or
PDF workbooks.

- Content test about
terrestrial planets given
before, immediately after,
and after a short delay

- Pre–post gain for GE at
immediate test, but not
for PDF group

- After the delay,
improvement was gone
and both groups
performed equally

De Paor et al.,
2017 [84] nE, case study

Undergraduate students
(n = 364) in a general
education “intro to
astronomy” class

2 h lab activity focused
on seasonal change and
the location of the sun’s
rays

- 10-item test assessing
seasonal change content

- Small but significant
pre–post gain in content
knowledge

Giorgis, 2015
[85]

qE, comparative
design

Undergraduate students
(n = 75) in a structural
geology course (n = 24
in GE, n = 51 in control)

3-week lab and lecture
series using GE to create
maps, examine strike
and dip patterns, and
construct cross sections

- Mental rotation test
- Spatial visualization test
- Penetrative thinking

- Overall pre–post gains on
mental rotation and
spatial visualization
across classes

- Pre–post gain on
penetrative thinking in
GE classes

- Higher gains for students
with more background
knowledge

Gobert et al.,
2012 [86] nE, case study

Undergraduate students
(Study 1: n = 225;
Study 2: n = 138) in an
introductory geoscience
course

2 h lab session using GE
to locate target countries,
specify its relationship
to other major
landmarks, and examine
changes in daylight

- 10-items on geological
and geographic
knowledge of Iceland

- 11 items on geological
and geographic
knowledge of American
Samoa/Tonga

- No differences in pre-test
by prior knowledge or
gender on either unit

- Pre–post gain for both
units

- No difference in gain by
gender or prior
knowledge for both units

Hadi et al.,
2021 [87]

qE, randomly
assigned classes

Undergraduate students
from a geography course
(n = 36 in GE; n = 42 in
remote sensing)

Single lab activity
focused on using either
GE images or remote
sensing data to locate
human settlements and
optimal evacuation
routes

- 35-item spatial thinking
assessment using GE
imagery

- 40-item remote sensing
content test

- GE class showed higher
spatial performance

- No differences on remote
sensing content
knowledge
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Table 2. Cont.

Reference,
Year Study Design Sample Intervention; Duration Outcome Measure Reported Effects

Hsu et al., 2018
[57]

qE, randomly
assigned classes

High school students
split between a GE
instruction class (n = 35)
and a control class
(n = 35)

90 min per week for
3 weeks; lessons on
fluvial geomorphology,
topographic maps skills,
and geomorphological
concepts. Observing
fluvial landforms on
maps or using GE

- 10 multiple choice items;
half on topographic map
skills and half on
geomorphology concepts

- Students in GE class
showed higher
topographic map skills

- No difference in
geomorphology
knowledge

Koc and Topu,
2022 [88] nE, case study 4th grade students

(n = 60)

9 h unit across 3 weeks
focused on identifying
countries around the
world and in relation to
turkey and browsing
areas using street view

- 20-item “Global
Connections” test

- 15-item spatial
visualization test

- 24-item mental rotation
test

- Cognitive load scale

- Pre–post gain on Global
Connections and MRT
after unit

- No effect on spatial
visualization

- Cog load was high in the
first week but reduced
over time

Kulo and
Bodzin, 2013
[89]

nE, case study

8th grade students
(n = 105) from five
classrooms with the
same teacher

8-week unit on energy
with 14 days of
geospatial learning
activities (including GE)
and a 1-week GIS
activity

- 27 MC energy items
- 11 geospatial reasoning

items
- Math proficiency levels

determined by state test
scores

- All students showed
pre–post gain

- High ability students
gained more than
moderate and low

Metoyer and
Bednarz, 2017
[50]

qE, randomly
assigned classes

10th grade honors
students with different
classrooms assigned to
GE (n = 82) and control
(n = 20)

2-day unit on central
place theory; using GE
or paper maps to
examine spatial patterns
of market centers and
cities.

- Spatial visualization test
(2D and 3D)

- Spatial orientation test
- Spatial relations test

- All groups gained on
2D/3D spatial
visualization, no
differences between
groups

- No gain on spatial
orientation

- Only GE group gained
spatial relations
measures, but gains
driven by high spatial
students

Monet and
Greene, 2012
[90]

qE, comparative
design

Undergraduate students
in an introductory
geoscience course
(n = 68 in pre-GE classes;
n = 39 in post GE
classes)

Semester-long group
project using GE and
satellite imagery to
support knowledge
development around
geological concepts and
processes

- 11 items from the GCI

- Pre–post gains in all
classes, but higher gains
for GE

- GE showed improvement
in reasoning from
geologic evidence

Xiang and Liu,
2017 [91]

qE, comparative
design

9th grade students
(n = 80) split across a GE
class and a traditional
textbook class

Five learning sessions
across one full academic
year focused on
coastlines and coastal
processes. Completed
worksheets using either
GE or traditional
textbooks

- Essay task about changes
to landscape,
transportation routes,
and settlement areas after
a volcanic eruption

- Responses coded for
descriptions of spatial
changes in size, shape,
and contour and analyses
regarding the impact of
these changes

- GE group identified more
spatial and temporal
changes, including
changes to shape and size
of various geologic
features

- GE group was better able
to make predictions
regarding how human
activity might be
impacted by the eruption

Note. qE = quasi-experimental design; nE = non-experiment; MC = multiple choice.

3.2. Synthesis and Content Analysis Procedure

To analyze and synthesize the included research studies’ findings in terms of the
variables and factors that impact the effective implementation of GE-based learning in-
terventions, narrative synthesis was used. Narrative synthesis provides a method for
assembling and processing the findings and various data levels of heterogeneous individ-
ual studies, and is typically used when other forms of synthesis, like meta-analysis, are not
feasible [92]. The present review used thematic and content analysis to translate data from
empirical studies in terms of the main factors and variables that affect learning. The author
and a trained research associate analyzed all included studies and classified them along
a set of primary dimensions, including study design, sample, assessment type, reported
learning outcomes, and reported implementation challenges. After individual analysis, any
differences in coding were addressed through discussion.
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4. Results

The results are organized according to the research questions. Each section begins
with an overall summary and then goes into further detail describing differences across
studies and how those differences may map onto differences in reported effectiveness of
the intervention.

4.1. Do Learning Interventions That Use Google Earth Demonstrate Improved Geospatial Thinking
and Learning?

The results of this review indicate that five studies compared GE interventions to tra-
ditional instructional methods and found benefits for the GE conditions. Xiang and Liu [91]
compared student learning outcomes related to the geography of coastlines between 9th
grade students who completed learning activities with GE and those who completed the
same activities with traditional textbook lessons. Pre- and post-unit learning was assessed
via an essay response item asking students to describe changes to the physical landscape,
transportation routes, and human settlement areas on an island after a volcanic eruption.
The results indicated that students in the GE group identified more spatial and temporal
changes, including changes to the shapes and sizes of various geologic features, and were
better able to make predictions regarding how human activity on the island might be
impacted by the eruption than students in the traditional textbook lesson group. Hsu
et al. [57] carried out a GE intervention aimed at supporting the development of topo-
graphic maps skills and geomorphology knowledge. One 10th grade classroom used GE,
and another received traditional instruction with hanging topographic maps and aerial pho-
tographs. The results indicated that classes were matched at pre-test, but after the 3-week
unit, the GE class demonstrated greater post-test performance. Monet and Greene [90]
conducted a study in which students in an undergraduate-level introductory geology
course participated in a semester-long group project using GE and satellite imagery to
support knowledge development around geological concepts and processes. Learning
was assessed using items from the Geoscience Concept Inventory GCI [93]. Gains in the
GE intervention classes were compared to gains seen in the previous semester that did
not use GE. All classes showed significant improvements from pre- to post-test, but gains
were significantly higher for the GE class. In another study by Blank et al. [80], middle
school students completed a 6-week Google Earth curriculum focused on constructing
explanations from evidence, and interpreting and analyzing data of geologic structures,
distributions of fossils and rocks, and using data to forecast catastrophic events. Half of the
sample completed the unit in the Fall semester and was compared to a sample of students
that received traditional instruction in the Fall but completed the Google Earth unit in the
Spring. Pre-to-post change on science content knowledge, scientific reasoning, and science
identity were compared between the samples in the Fall semester (one completed GE and
one did not). Results demonstrated significant pre-to-post change in all measures and
indicated that the GE students gained more than traditional instruction students. Finally,
Hadi et al. [87] conducted a study with undergraduate students comparing a group that
used Google Earth in tandem with remote sensing data as a tool to solve disaster mitigation
problems to a group that only used remote sensing data. Pre- and post-study geospatial
thinking skills were measured, and the students in the group that used GE showed greater
gains than the control class, which used only remote sensing data.

Seven of the seventeen studies included in this review found significant pre-to-post-
test gains for students in a GE intervention, but these gains were not compared to a
control group. In two studies conducted by Bodzin and colleagues [7,89], 8th grade
classrooms completed an 8-week unit on energy that incorporated 14 days of geospatial
learning activities. Before and after the unit, students completed a geospatial thinking and
reasoning assessment, including items requiring geospatial analysis for making inferences
about geospatial relationships and items that assessed energy resource content knowledge.
In both studies, students improved their geospatial reasoning and content knowledge
after completing the unit. Similar results were obtained in another study by Bodzin
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and Fu [74] that implemented a GE unit on climate change such that students’ climate
change knowledge improved after the unit. Bitting et al. [79] examined an out-of-class
GE assignment that spanned a 2–4-week interval in two undergraduate-level introductory
physical geology courses, one taught online and one taught face-to-face. The project
covered plate tectonics, earth materials, volcanoes, sediments, fossils, and geologic time.
All students completed a pre- and post-test composed of 11 items from the GCI [93].
There were no differences in pre- and post-test performance between the face-to-face and
online class formats, but all classes showed pre-to-post improvement. Gobert et al. [86]
examined the impact of prior geoscience coursework and gender on learning with GE in an
undergraduate sample across two studies. Study 1 examined the impact of a GE curriculum
on understanding of the geography and geology of Iceland, and Study 2 focused on the
Tonga region in the west Pacific. Across both studies, there were no differences in pre-test
scores as a function of gender or prior geoscience coursework, and post-test scores were
significantly higher than pre-test scores. Koc and Topu [88] used Google Earth as a tool for
supporting 4th grade students’ world geography knowledge and spatial thinking skills.
After the 6-week unit, results showed significant pre- to post-test improvement in students’
geography knowledge and a measure of mental rotation skill. Finally, in a study by Demirci
et al. [82], 9th grade students completed a single lesson on coastal processes that shape
coastlines using GE. Results indicated significant pre-to-post gain in a measure assessing
student ability to name, describe, and locate different types of coastline formations.

The last five studies included in this review examined the effect of a GE intervention on
pre-to-post gain, but the outcomes were mixed or less successful for improving geospatial
thinking. For example, Metoyer and Bednarz [50] conducted a two-day unit on central
place theory, focusing on understanding the availability of market services in human or res-
idential systems. High school students used GE or paper maps to explore the assumptions
of central place theory and the spatial patterns of market centers and cities. Performance
in these groups was compared to a traditional instruction control class. All three groups
showed improvement on 2D and 3D spatial visualization after the unit; however, the gains
did not differ between conditions. Giorgis [85] compared spatial skill development in
undergraduate structural geology courses that used GE lab modules on inclined contacts,
strike and dip, and mapping folded rock to those that did not. All classes showed gains
on the domain-general spatial measures, and there was no difference between the GE and
non-GE classes. Collins [81] compared gains in 8th grade students’ spatial thinking skills
after completing a geography curriculum using GE, paper maps, or traditional instruction.
Spatial scores, as measured by the Spatial Thinking Ability Test [94], improved pre-to-post
in the paper map and GE groups, but not in the control group. However, improvement was
greater in the paper map condition than in the GE condition. De Paor and colleagues [83,84]
have also obtained mixed results regarding GE learning interventions. In one study, De
Paor et al. [83] had students complete virtual tours of other terrestrial planets (e.g., Mer-
cury, Venus, Mars, the Moon) via a Google Earth-based intervention or complete the same
activities with content-matched textbook-like PDF handouts. Both classes showed pre–post
improvement, and the GE group showed greater immediate gains than the PDF condition,
but this advantage was gone at a delayed post-test. De Paor et al. [84] also used GE in a
unit on seasonal change for undergraduate-level introductory astronomy students. While
post-test performance improved overall, there was wide variation in performance, with
about 25% of students showing no change, and 18% performing worse.

Taken together, the reviewed set of studies indicates that the impact of Google Earth-
based curricula and intervention on geospatial thinking and learning is unclear. While
several studies indicate that Google Earth can be an effective tool for supporting geospatial
thinking and learning, many of the studies lack comparison conditions, there is wide
variation in the enactment of interventions, and there is wide variation in how learning or
geospatial thinking was assessed. These differences and how they impact the interpretabil-
ity of this body of research will be discussed next.
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4.2. What Study Designs and Methods Have Been Used to Investigate the Impact of Google
Earth-Based Interventions on Geospatial Thinking and Learning?

As shown in Table 2 and highlighted in the previous section, the results of this review
indicate that none of the included studies can be classified as true experiments because,
by definition, true experiments require random assignment to conditions at the individual
participant level. None of the studies included in this review randomly assigned individual
students to conditions. However, according to this classification, nine out of the total
sample of seventeen studies can be classified as quasi-experimental studies because whole
classrooms were randomly assigned to treatment conditions, with at least one classroom
serving as a control or comparison. Of these nine studies, three compared classes that used a
Google Earth-based curriculum to control classes that completed the same assessments but
did not complete learning activities that were matched to the Google-Earth classes [80,85,90].
That is, in these studies, pre–post gains were compared between classes that completed
active, hands-on Google Earth learning activities to control classes where learning activities
were not specified. The remaining six quasi-experimental studies compared pre–post
learning between a group that completed a Google Earth-based learning activity and a
group that completed a matched activity using static representations such as paper maps,
wall maps, or aerial photos and data. The remaining eight studies used non-experimental
designs. These non-experimental studies conducted research in the form of case studies,
meaning that there were no control groups or comparative analyses. Rather, these studies all
examined pre- to post-test change in performance for a single sample, without comparison
to another group. Furthermore, most of the quasi-experimental studies were limited in the
broader claims they can make regarding their results because many did not account for
or control for any interfering factors across groups. Specifically, most of these studies did
not demonstrate that the GE and comparison groups were matched prior to examining
differences in post-test scores. Of the nine quasi-experimental studies, only three [57,80,85]
specifically mention comparing or controlling for baseline skills or prior knowledge to
ensure the groups were matched.

Not only were there differences in the experimental designs of the studies included in
this review, but there were also large differences in the number of participants across the
studies, and high variability in the form and duration of the individual interventions used.
In terms of sample size, the smallest study [88] included only 60 primary school students,
while in comparison, the largest study included over 1000 students from 13 different
8th grade science classrooms [7]. A similar situation was found regarding differences in
the duration of the interventions, with some ranging from single one- to two-hour lab
sessions [82–84,86,87], to multi-week lessons and learning units [7,57,74,79,80,85,88,89,91],
to comparisons of courses over multiple semesters [90].

4.3. What Curriculum, Subject Matter, Assessments and Outcome Measures Have Been Used to
Examine Geospatial Thinking and Learning?

As indicated in the criteria used for selecting included studies, all studies in this review
aimed to support geospatial thinking and learning with Google Earth in some kind of
hands-on learning situation. However, analysis of the interventions and curricula that
were implemented across studies indicates that there were wide variations in the content
and subject matter, as well as variations in the assessment and outcome measures used.
At the level of higher education, Google Earth-based activities were primarily used in
hands-on laboratory exercises or for larger semester-long projects. Typically, the content
area of these courses or projects was introductory physical geology [79,85,86,90], but there
were a few exceptions. One GE intervention was developed for a planetary course [83],
one intervention was designed to address the understanding of seasonal change [84],
and one was designed to address the understanding of human geography and disaster
mitigation [87]. When looking at GE-based interventions or curricula for school-aged
populations, the focus was more varied. Several studies were focused on geography-
based concepts [50,81,88], several on climate and energy [7,74,89], and two on coastlines
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and coastal processes [82,91]. Only two studies focused on content related to geology or
geologic structure [57,80].

With GE curricula and interventions designed to support learning of different geospa-
tial content, it is also the case that the studies differed in the types of assessment used to mea-
sure geospatial skills and learning. Most of the studies (13 of 17) assessed content-specific
geospatial thinking and learning, and four studies focused on changes in performance on
psychometric measures of spatial thinking, including mental rotation, spatial visualization,
and spatial orientation. Of the studies that assessed content specific knowledge, there was
variation in the types of questions and items used. For example, several studies used short-
answer or essay-based questions that required students to demonstrate comprehension or
reasoning ability, some used assessments that required students to demonstrate their map
reading skills, and some studies used standardized assessment instruments taken from
prior geoscience education research or from school-based standardized assessments.

4.4. How Do Prior Knowledge or Other Individual-Difference Variables Affect the Impact of Google
Earth-Based Interventions on Geospatial Thinking and Learning?

An important factor to consider in any educationally relevant research is who the
different kinds of learning interventions are most effective for. Thus, considering individual-
difference factors such as gender, prior knowledge, interest, and other cognitive skills
or abilities is important. For example, educators and researchers may want to know
if some baseline level of geoscience, geography, or technology knowledge is required
for Google Earth-based curricula to be effective. Many of the studies included in this
analysis reported on additional measures and factors beyond the geospatial thinking and
learning measures. Five studies examined differences in pre–post gain as a function of
gender [7,74,79,85,86], but only one indicated a difference between males and females [74].
Several studies examined the effect of prior knowledge on post test scores. Bodzin et al. [7]
and Bodzin and Fu [74] found that pre-test score was a significant predictor of post-test
score, and Giorgis [85] found that only students with high prior knowledge showed
significant pre-to-post improvements on a domain-specific measure of spatial (penetrative
thinking). However, Gobert et al. [86] found no differences in learning as a function of
prior knowledge across two different studies. Several studies examined differences across
students as a function of their scores on standardized math and reading assessments. Blank
et al. [80] found that students with higher reading ability gained more from pre to post, and
Kulo and Bodzin [89] found that while all students gained from pre to post, students with
high math proficiency gained more than students with moderate or low math proficiency.
Surprisingly, considering the role of spatial thinking skills in geospatial thinking and
learning, very few studies examined differences in learning gain as a function of spatial
skill. Hadi et al. [87] reported a correlation between score on achievement and score on
spatial skill, suggesting that perhaps spatial skills are required to effectively learn from a
Google Earth-based intervention. Similarly, Metoyer and Bednarz [50] found that gains
on the content-dependent and -independent spatial relations test were driven primarily
by the highly spatial students in all conditions, regardless of the use of GE. Finally, two
studies examined the relationship between pre-to-post gain and science attitude. Blank
et al. [50] found that students with higher self-reported science identity gained more, while
Collins [81] found no correlation between gain and attitudes towards geography.

4.5. What Pedagogical and Implementation Challenges Should Be Considered When Using Google
Earth-Based Intervention?

A critical factor to consider when examining the impact of any technology-based
intervention or curriculum on student learning is how access to and use of the technology
impacts learning. For example, differences in how a technology is presented or interacted
with, how consistent access is, and how much skill is required to use it can all greatly
impact its effectiveness [69]. In the present review, studies varied widely in how students
were presented with and interacted with the Google Earth technology. For example, in
some studies, students only had access to a single screen or computer, and thus, the unit
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activities had to be conducted in small groups [57,88], while in other studies, students
had access to individual computers in their classrooms or in a school/university com-
puter lab [7,50,74,80–87,89,91], and in others, all GE activities were completed at home as
homework or course projects [79,90]. Another issue regarding technology access that was
mentioned in several studies was access to adequate internet, as the program sometimes
froze and disrupted implementation [81,82,88].

Finally, several researchers mentioned challenges with curriculum implementation
because students and/or teachers lacked knowledge regarding how to use many of the
tools in Google Earth. For example, Bodzin and Fu [74] suggested that while Google Earth
does allow for richer and more meaningful scientific inquiry than many standard science
units, curriculum implementation may be impacted by the experience level of the teacher.
Similarly, several researchers suggested that students may require more instruction around
the tools in GE for the intervention to be maximally effective [57,83,85,86,89,90].

5. Discussion

This section is organized around three focal points of discussion. First, an overview
of the knowledge added from this review and a discussion of the possible mechanisms
underlying the effectiveness of Google Earth and other virtual globes for supporting
geospatial thinking and learning will be provided. Next, limitations regarding the scope
and quality of this review will be discussed. And finally, implications and suggestions for
future research will be provided.

5.1. Potential Mechanisms That Support Geospatial Thinking and Learning

Taken together, most of the studies examined demonstrate that GE can be a powerful
tool for supporting conceptual knowledge in geography and earth science, and geospatial
thinking skills such as topographic map reading, penetrative visualization, and understand-
ing the relationship between geographic and geologic features and human systems. Across
these studies, several suggestions have been made regarding what mechanisms may under-
lie the effectiveness of GE interventions for supporting geospatial skill development. One
primary argument is that GE facilitates geospatial reasoning because it better supports 3D
visualization than traditional 2D tools [7,57,85]. In particular, the 3D visualization provided
by GE allows students to develop a better sense of place, especially when learning about
unfamiliar locations [88,90]; better supports visualization of change with the historical im-
agery function [95]; allows for the combination of top-down and ground-level perspectives;
and allows students to change scales in a way that traditional maps do not [91].

Beyond the visualization benefits provided by GE, virtual globe technologies may also
support geospatial thinking via increased motivation and engagement. Bitting et al. [87]
suggest that the realistic imagery of real-world locations may engage students cognitively
and affectively. Furthermore, GE allows for more active engagement and personalized
interaction by giving students control over functions like zooming, accessing historical
images, and tilting [91,96]. Patterson [41] argues that tools like GE can be empowering
for students because they support them in completing complex tasks and give them more
latitude in designing their own projects and investigating their own questions. Similarly,
Hadi et al. [87] found that using Google Earth to support geospatial thinking and learning
encouraged greater student interaction with media and student-to-student interactions.

Instructional scaffolding is also critical when using GE in the classroom. Even though
GE is easier to use than other GSTs, interventions and units that incorporate GE are
not without extensive planning and preparation. For example, some studies have in-
cluded overview and introductory lessons on GE prior to starting the target learning
activities [7,50,74,80,81,88–91]. The activities in many of these studies were highly scaf-
folded and progressive, such that students started with general map reading activities in GE
before completing activities requiring inference generation and analysis [7,57,74,86,89,90].
Moorman and Crichton [97] suggest that technologies like GE require learners to make
many decisions about scale, viewing area, and attribute data, and that making these pro-
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cesses more explicit through scaffolded instruction may better support the development of
geospatial literacy.

While this review has generated an overarching set of topics that should be considered
when conducting research on Google Earth and virtual globe-based interventions and pro-
vided suggestions regarding some of the mechanisms that make GE effective for learning,
it must be emphasized that the driving questions regarding how and why GE supports
geospatial thinking and learning cannot be answered conclusively here. As indicated by
the synthesis provided earlier, there is much heterogeneity between the examined studies,
which impacts the kinds of inferences and claims that can conclusively be generated. For
example, the present examination found that the sample of studies used different methods
of assessment and analysis. This lack of standardized measurement, methodology, and
evaluation generates a consequent uncertainty for the interpretation of results. For example,
many studies do not include a control or comparison group. Without a comparison group,
it is difficult to determine if learning gains are due to the use of GE, the result of testing
effects (i.e., gains from taking a test twice), or due to another unknown factor. In fact,
several authors even suggest that their results could be due to testing effects [50,84,85].
Furthermore, in cases where a comparison group was included, often the learning activ-
ities were not well matched or were not described in sufficient detail to determine their
match. For example, in one study, the comparison group used paper maps requiring
the representations to be mentally “overlayed” on top of each other, whereas these same
representations were given simultaneously in the GE group [91]. The act of having to
mentally integrate multiple representations increases cognitive load [98] and may require
greater spatial thinking skills [99]. Similarly, in another study, students in the GE class
worked with different instructional examples than students in the comparison class, and
information regarding the alignment of these examples was not provided [57].

The present review of GE intervention research also reveals that there is no standard-
ized method to assess learning from GE interventions. Some assessments could have been
described in greater detail and/or provided data on the validity and reliability of the
measures. For example, one study used an essay assessment and coded for the presence of
words thought to reflect different spatial reasoning processes but did not provide reliability
data for the coding or a rationale for the coding procedure [91]. In other cases, assessments
included multiple-choice questions without reliability or validity data, and did not de-
scribe whether memory of basic content or more complex understanding and inference
generation was being evaluated (e.g., [7,50,86]). There were also cases in which it was
difficult to determine whether the assessments were of the appropriate level of complexity
(e.g., [79,81,88]). In addition, only one study assessed learning after a delay to capture
long-term retention [83].

Data analysis methods used in the reviewed studies could also be improved to
strengthen interpretability. Many studies used t-tests to examine differences in pre-to-
post gain between groups but did not report whether groups were matched on pre-test.
When performing multiple analyses, it is best practice to use fewer tests incorporating
more dependent and independent variables simultaneously (e.g., ANOVA, multiple regres-
sion). When multiple t-tests are used, there is greater probability for type 1 error (finding a
false positive result). Including effect sizes for all tests would also help to strengthen the
interpretability of results. Additionally, when examining individual differences like prior
knowledge or spatial abilities, it is good practice to treat these variables as continuous and
perform regression analyses rather than reduce variance and create ability level groups
(e.g., [50,80,85,89]).

5.2. Limitations of the Present Review

Since the value of a systematic review is directly dependent upon the validity of the
methods used to minimize bias, the limitations of the present work need to be critically
discussed. First, the selection and synthesis of the studies included in this review were
completed according to the judgment of the author of this review and a research associate.
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Despite following a strict procedure for identifying relevant research and having authors
with many years of experience in both geography, landscape planning and design, and
educational intervention research conduct, in the synthesis procedure, it is always possible
that important literature was missing or that evaluations of the included studies are flawed.
However, seeing as this is the only known review of virtual globes and a Google Earth-
based curriculum on students’ geospatial thinking and learning, it may serve as a critical
springboard for future reviews and research on the topic. It should be noted that this review
only includes peer-reviewed articles that were published between 2012 and 2024, but was
also limited to English-only publications that the author had full access to. Therefore,
this critical review runs the risk of publication bias by excluding unpublished works like
dissertations, non-peer reviewed work such as conference presentations, or works that the
systematic search failed to include for some other reason. However, systematic literature
review, like meta-analysis, should always contribute something new to the field, and there
is no single correct and agreed-upon way to perform one [100]. Especially in the case of
empirical education research, personal, social, contextual, and technical factors must be
considered, and thus, the validity of this review is limited to the scope of the results of the
respective individual studies.

5.3. Future Research Directions

The results of this systematic review provide a range of directions for future research
on the impact of virtual globes and Google Earth-based interventions on geospatial thinking
and learning.

First, the studies selected in our GE intervention research could be complemented by
considering the impact of individual student characteristics, including prior knowledge,
geospatial thinking, or working memory capacity. Furthermore, some suggest that prior
knowledge in geography, geoscience, or technology may be relevant because it can allow
students to solve problems in different ways and rely less on spatial skills; however, few
systematically examine this. Cognitive capacities such as working memory and geospatial
thinking are also relevant to consider. Working memory is involved in the control, regula-
tion, maintenance, and manipulation of information, and is relevant in nearly all learning
scenarios [101]. In working with complex visualizations like GE, working memory may be
required for keeping track of quickly changing information, or for aligning information
across multiple representations. In the works highlighted in our GE intervention research,
working memory is relevant to consider when students must compare maps, recall in-
formation from previous examples, know how and when to change map features, and
more. Spatial thinking skills and, concretely, geospatial thinking skills are also important to
consider. Despite the well-known role of spatial skills in STEM reasoning, few GE invention
studies include measures of spatial thinking.

Other factors related to the implementation of the interventions and units should also
be considered. Understanding the type of scaffolding required for different concepts and
topics, and for different age groups of learners, is essential for creating interventions that
are maximally effective. Research should more systematically examine the types of training
students and teachers need to be able to use Google Earth and other similar technologies.
Furthermore, research should systematically explore the types of interactions learners have
with Google Earth to determine which ones are driving the greatest gains. With so many
unique and powerful tools for visualizing the world, it is important to identify which
tools support different kinds of geospatial thinking and learning. It is also critical that
future research examine and compare the impact of GE-based learning interventions to the
impacts of other popular GSTs such as GIS. These tools are not interchangeable and may
offer different support and opportunities for geospatial thinking and learning. These kinds
of comparative experiments should be considered in future research.

Furthermore, research examining the impact of various GSTs on learning should be
more systematic and deliberate about what research questions to address and how to
address them. In the present examination, it was clear that different researchers approach
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the problem from different perspectives. Even starting with basic definitions, there was a
mare magnum of terms used (e.g., geospatial intelligence, geographic thinking, geospatial
reasoning, geospatial thinking, spatial thinking, spatial relations, penetrative visualization)
when discussing the specific types of thinking and reasoning required in the earth sciences
and geography. These basic definitions and concepts need to be unified. Similarly, the
community needs to work towards developing a clear understanding of the various com-
ponents of geospatial thinking and their interrelationships. While researchers in cognitive
psychology have been working on defining some of these cognitive factors for decades,
it is only with the help and input of domain experts that these components can be deter-
mined in the context of domain-specific geospatial thinking. Ultimately, research on GE
interventions in education still has challenges to overcome. Going forward, experts in
geography, earth sciences, computer science, psychology, and education must work collab-
oratively to conduct science education research that is theoretically driven, evidence-based,
methodologically sound, and generalizable. And even after that work is done, researchers,
teachers, and industry experts must work to implement the findings of that work and put
best those practices into action.
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A.S., Migoń, P., Eds.; Springer: Cham, Switzerland, 2020; pp. 595–603.
13. Goudie, A.S. Desert Landscapes of the World with Google Earth; Springer: Cham, Switzerland, 2022; p. 271.
14. Goudie, A.S.; Goudie, A.M.; Viles, H.A. The distribution and nature of star dunes: A global analysis. Aeol. Res. 2021, 50, 100685.

[CrossRef]
15. Goudie, A.S.; Goudie, A.M.; Viles, H.A. Dome dunes: Distribution and morphology. Aeol. Res. 2021, 51, 100713. [CrossRef]
16. Karydas, C.; Panagos, P. Towards an assessment of the ephemeral gully erosion potential in Greece using Google Earth. Water

2020, 12, 603. [CrossRef]
17. Reece, D.A.; Lory, J.A.; Haithcoat, T.L.; Gelder, B.K.; Cruse, R. Using Google Earth imagery to target assessments of ephemeral

gully erosion. J. Am. Soc. Agric. Biol. Eng. 2023, 66, 155–166.
18. Shirani, K.; Peyrowan, H.; Shadfar, S.; Asgari, S. Gully erosion mapping based on hydro-geomorphometric factors and geographic

information system. Environ. Monit. Assess 2023, 195, 721. [CrossRef]
19. Goudie, A.S.; Seely, M. World Heritage Desert Landscapes: Potential Priorities for the Recognition of Desert Landscapes and Geo

Morphological Sites on the World Heritage List; IUCN: Gland, Switzerland, 2011; p. 44.

https://doi.org/10.1080/00221341.2014.950684
https://doi.org/10.1080/00221340802049844
https://doi.org/10.1007/s10956-014-9488-6
https://doi.org/10.1016/j.sedgeo.2019.01.011
https://doi.org/10.1080/01490419.2020.1822478
https://doi.org/10.1016/j.aeolia.2021.100685
https://doi.org/10.1016/j.aeolia.2021.100713
https://doi.org/10.3390/w12020603
https://doi.org/10.1007/s10661-023-11197-7


Land 2024, 13, 2218 17 of 19

20. Whalley, W.B. Geomorphological information mapping of debris-covered ice landforms using Google Earth: An example from
the Pico de Posets, Spanish Pyrenees. Geomorphology 2021, 393, 107948. [CrossRef]

21. Boardman, J. The value of Google Earth™ for erosion mapping. CATENA 2016, 143, 123–127. [CrossRef]
22. Boothroyd, R.J.; Williams, R.D.; Hoey, T.B.; Barrett, B.; Prasojo, O.A. Applications of Google Earth Engine in fluvial geomorphology

for detecting river channel change. Wiley Interdis Rev: Water 2021, 8, e21496. [CrossRef]
23. Gorelick, N.; Hancher, M.; Dixon, M.; Ilyushchenko, S.; Thau, D.; Moore, R. Google Earth Engine: Planetary-scale geospatial

analysis for everyone. Remote Sens. Environ. 2017, 202, 18–27. [CrossRef]
24. Li, Q.; Qiu, C.; Ma, L.; Schmitt, M.; Zhu, X.X. Mapping the land cover of Africa at 10 m resolution from multi-source remote

sensing data with Google Earth Engine. Remote Sens. 2020, 12, 602. [CrossRef]
25. Rabby, Y.W.; Li, Y. An integrated approach to map landslides in Chittagong Hilly areas, Bangladesh, using Google Earth and field

mapping. Landslides 2019, 16, 633–645. [CrossRef]
26. Ryker, K.; Jaeger, A.J.; Brande, S.; Guereque, M.; Libarkin, J.; Shipley, T.F. Research on Cognitive Domain in Geoscience Learning:

Temporal and Spatial Reasoning. In Community Framework for Geoscience Education Research; St. John, K., Ed.; National Association
of Geoscience Teachers: Spencerport, NY, USA, 2018.

27. Carbonell-Carrera, C.; Hess-Medler, S. 3D Landform Modeling to Enhance Geospatial Thinking. ISPRS Int. J. Geo-Inf. 2019, 8, 65.
[CrossRef]

28. Wan, J.; Lu, X.; Du, F.; Wang, J.; Ju, B. Influencing Factors of Middle School Students’ Spatial Thinking Ability: A Case Study on
Senior One Students of Baiyin No. 1 Middle School in Gansu Province. Prog. Geogr. 2017, 36, 853–863.

29. Xie, S.; Zheng, X.; Sun, Y.; Wan, J.; Lu, X. The Factors and Mechanisms That Influence Geospatial Thinking: A Structural Equation
Modeling Approach. J. Geogr. 2021, 120, 165–175. [CrossRef]

30. Zhang, J.; Wang, Z.; Antwi, C.O.; Liang, X.; Ge, J. Geospatial Thinking and Sense of Place: The Mediating Role of Creativity.
Sustainability 2023, 15, 523. [CrossRef]

31. Golledge, R.G. The nature of geographic knowledge. Ann. Assoc. Am. Geogr. 2002, 92, 1–14. [CrossRef]
32. Dold, J.; Groopman, J. The future of geospatial intelligence. Geo-Spat. Inf. Sci. 2017, 20, 151–162. [CrossRef]
33. Huynh, N.; Sharpe, B. An assessment instrument to measure geospatial thinking expertise. J. Geogr. 2013, 112, 3–17. [CrossRef]
34. Uttal, D.H. Maps and spatial thinking: A two-way street. Dev. Sci. 2000, 3, 283–286. [CrossRef]
35. Gilmartin, P.P.; Patton, J.C. Comparing the sexes on spatial abilities: Map-use skills. Ann. Assoc. Am. Geogr. 1984, 74, 605–619.
36. Self, C.M.; Golledge, R.G. Sex-related differences in spatial ability: What every geography educator should know. J. Geogr. 1994,

93, 234–243. [CrossRef]
37. Maier, P.H. Spatial geometry and spatial ability–How to make solid geometry solid. In Selected Papers from the Annual Conference of

Didactics of Mathematics; Gesellschaft für Didaktik der Mathematik (GDM): Osnabrueck, Germany, 1996; pp. 63–75.
38. Golledge, R.G.; Stimson, R.J. Spatial Behavior: A Geographic Perspective; The Guildford Press: New York, NY, USA, 1997.
39. Blaser, A.D.; Sester, M.; Egenhofer, M.J. Visualization in an early stage of the problem-solving process in GIS. Comput. Geosci.

2000, 26, 57–66. [CrossRef]
40. Albert, W.S.; Golledge, R.G. The use of spatial cognitive abilities in geographical information systems: The map overlay operation.

Trans. GIS 1999, 3, 7–21. [CrossRef]
41. Patterson, T.C. Google Earth as a (not just) geography education tool. J. Geogr. 2007, 106, 145–152. [CrossRef]
42. Zhu, L.; Pan, X.; Gao, G. Assessing place location knowledge using a virtual globe. J. Geogr. 2016, 115, 72–80. [CrossRef]
43. Wai, J.; Lubinski, D.; Benbow, C.P. Spatial ability for STEM domains: Aligning over 50 years of cumulative psychological

knowledge solidifies its importance. J. Educ. Psychol. 2009, 101, 817–835. [CrossRef]
44. Baenninger, M.; Newcombe, N. The role of experience in spatial test performance: A meta-analysis. Sex Roles 1989, 20, 327–344.

[CrossRef]
45. Cohen, C.A.; Hegarty, M.; Keehner, M.; Montello, D.R. Spatial ability in the representation of cross sections. In Proceedings of the

25th Annual Conference of the Cognitive Science Society, Boston, MA, USA, 31 July–2 August 2003; Alterman, R., Kirsh, D., Eds.;
Cognitive Science Society: Wheat Ridge, CO, USA, 2003; pp. 1333–1334.

46. Newcombe, N.; Huttenlocher, J.; Learmonth, A. Infants’ coding of location in continuous space. Infant Behav. Dev. 1999, 22,
483–510. [CrossRef]

47. Reber, A.S. Dictionary of Psychology; Penguin Books Ltd.: London, UK, 2009.
48. Sorby, S.; Wysocki, A.; Baartmants, B. Introduction to 3D Spatial Visualization: An Active Approach; Thomson Delmar Learning:

Clifton Park, NY, USA, 2003.
49. Uttal, D.H.; Meadow, N.G.; Tipton, E.; Hand, L.L.; Alden, A.R.; Warren, C.; Newcombe, N.S. The malleability of spatial skills: A

meta-analysis of training studies. Psychol. Bull. 2013, 139, 352. [CrossRef]
50. Metoyer, S.; Bednarz, R. Spatial thinking assists geographic thinking: Evidence from a study exploring the effects of geospatial

technology. J. Geogr. 2017, 116, 20–33. [CrossRef]
51. Miller, D.I.; Halpern, D.F. Can spatial training improve long-term outcomes for gifted STEM undergraduates? Learn. Individ.

Differ. 2013, 26, 141–152. [CrossRef]
52. Sanchez, C.A. Enhancing visuospatial performance through video game training to increase learning in visuospatial science

domains. Psychon. Bull. Rev. 2012, 19, 58–65. [CrossRef]

https://doi.org/10.1016/j.geomorph.2021.107948
https://doi.org/10.1016/j.catena.2016.03.031
https://doi.org/10.1002/wat2.1496
https://doi.org/10.1016/j.rse.2017.06.031
https://doi.org/10.3390/rs12040602
https://doi.org/10.1007/s10346-018-1107-9
https://doi.org/10.3390/ijgi8020065
https://doi.org/10.1080/00221341.2021.1967423
https://doi.org/10.3390/su15010523
https://doi.org/10.1111/1467-8306.00276
https://doi.org/10.1080/10095020.2017.1337318
https://doi.org/10.1080/00221341.2012.682227
https://doi.org/10.1111/1467-7687.00121
https://doi.org/10.1080/00221349408979727
https://doi.org/10.1016/S0098-3004(99)00034-5
https://doi.org/10.1111/1467-9671.00003
https://doi.org/10.1080/00221340701678032
https://doi.org/10.1080/00221341.2015.1043930
https://doi.org/10.1037/a0016127
https://doi.org/10.1007/BF00287729
https://doi.org/10.1016/S0163-6383(00)00011-4
https://doi.org/10.1037/a0028446
https://doi.org/10.1080/00221341.2016.1175495
https://doi.org/10.1016/j.lindif.2012.03.012
https://doi.org/10.3758/s13423-011-0177-7


Land 2024, 13, 2218 18 of 19

53. Small, M.Y.; Morton, M.E. Research in College Science Teaching: Spatial Visualization Training Improves Performance in Organic
Chemistry. J. Coll. Sci. Teach. 1983, 13, 41–43.

54. Sorby, S.; Casey, B.; Veurink, N.; Dulaney, A. The role of spatial training in improving spatial and calculus performance in
engineering students. Learn. Individ. Differ. 2013, 26, 20–29. [CrossRef]

55. Bednarz, S.W.; Acheson, G.; Bednarz, R.S. Maps and map learning in social studies. Soc. Educ. 2006, 70, 398.
56. Liang, J.; Gong, J.; Li, W. Applications and impacts of Google Earth: A decadal review (2006–2016). ISPRS J. Photogramm. Remote

Sens. 2018, 146, 91–107. [CrossRef]
57. Hsu, H.-P.; Tsai, B.-W.; Chen, C.-M. Teaching topographic map skills and geomorphology concepts with Google Earth in a

one-computer classroom. J. Geogr. 2018, 117, 29–39. [CrossRef]
58. Rakshit, R.; Ogneva-Himmelberger, Y. Application of virtual globes in education. Geogr. Compass 2008, 2, 1995–2010. [CrossRef]
59. Reed, R.E. Using Geospatial Thinking and Reasoning Skills to Examine Vector Borne Disease Transmission Through Web GIS in Undergrad-

uate Students Studying Public Health; ProQuest Ed.: Ann Arbor, MI, USA, 2017.
60. De Miguel Goonzález, R. Geospatial Technologies in Geography Education; Donert, K., Koutsopoulos, K., Eds.; Springer: Cham,

Switzerland, 2019.
61. Carbonell-Carrera, C.; Saorin, J.L.; Hess-Medler, S. A Geospatial Thinking Multiyear Study. Sustainability 2020, 12, 4586. [CrossRef]
62. Jant, A.E.; Uttal, D.H.; Kolvoord, R.; James, K.; Msall, C. Defining and Measuring the Influences of GIS-Based Instruction on

Students’ STEM-Relevant Reasoning. J. Geogr. 2019, 119, 22–31. [CrossRef]
63. Demirci, A. Using Geographic Information Systems (GIS) at schools without a computer laboratory. J. Geogr. 2011, 110, 49–59.

[CrossRef]
64. Kidman, G.; Palmer, G. GIS: The technology is there but the teaching is yet to catch up. Int. Res. Geogr. Environ. Educ. 2006, 15,

289–296. [CrossRef]
65. Marsh, M.; Golledge, R.; Battersby, S.E. Geospatial concept understanding and recognition in G6–college students: A preliminary

argument for minimal GIS. Ann. Assoc. Am. Geogr. 2007, 97, 696–712. [CrossRef]
66. Bednarz, S. Geographic Information Systems: A tool to support geography and environmental education? GeoJournal 2004, 60,

191–199.
67. Höhnle, S.; Schubert, J.C.; Uphues, R. What are the constraints to GIS usage? Selected results of a teacher survey about constraints

in the school context. Int. Res. Geogr. Environ. Educ. 2013, 22, 226–240. [CrossRef]
68. Wang, Y.-H.; Chen, C.-M. GIS education in Taiwanese senior high schools: A national survey among geography teachers. J. Geogr.

2013, 112, 75–84. [CrossRef]
69. Zhu, A.X.; Zhao, F.H.; Liang, P.; Qin, C.Z. Next generation of GIS: Must be easy. Ann. GIS 2021, 27, 71–86. [CrossRef]
70. Carbonell-Carrera, C.; Hess-Medler, S. Interactive visualization software to improve relief interpretation skills: Spatial data

infrastructure geoportal versus augmented reality. Prof. Geogr. 2019, 71, 725–737. [CrossRef]
71. Whitmeyer, S.; Patterson, C.R. Building tectonic reconstructions in Google Earth using a new toolkit to move and rotate polygons. In

Geological Society of America Abstracts with Programs; Geological Society of America (GSA): Denver, CO, USA, 2013; Volume 45, p. 109.
72. Bailey, J.E.; Whitmeyer, S.J.; De Paor, D.G. Introduction: The application of Google Geo Tools to geoscience education and research.

In Google Earth and Virtual Visualizations in Geoscience Education and Research; Whitmeyer, S.J., Bailey, J.E., De Paor, D.E., Ornduff,
T., Eds.; Geological Society of America (GSA): Boulder, CO, USA, 2012; Volume 492, pp. vii–xix.

73. Bodzin, A.M. The implementation of a geospatial information technology (GIT)-supported land use change curriculum with
urban middle school learners to promote spatial thinking. J. Res. Sci. Teach. 2011, 48, 281–300. [CrossRef]

74. Bodzin, A.M.; Fu, Q. The effectiveness of the geospatial curriculum approach on urban middle-level students’ climate change
understandings. J. Sci. Educ. Technol. 2014, 23, 575–590. [CrossRef]

75. Baker, T.R.; Kerski, J.; Huynh, N.T.; Viehrig, K.; Bednarz, S.W. Call for an Agenda and Center for GIS Education Research. Rev. Int.
Geogr. Educ. Online 2012, 2, 254–288.

76. Demirci, A. The effectiveness of geospatial practices in education. In Geospatial Technologies and Geography Education in a Changing
World: Geospatial Practices and Lessons Learned; Solari, O.M., Demirci, A., Van der Schee, J., Eds.; Springer: Tokyo, Japan, 2015; pp.
141–153.

77. Schulze, U. “GIS works!”–But Why, How, and for Whom? Findings from a Systematic Review. Trans. GIS 2021, 25, 768–804.
[CrossRef]

78. Page, M.J.; Moher, D.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan,
S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ
2021, 372, 160. [CrossRef]

79. Bitting, K.S.; McCartney, M.J.; Denning, K.R.; Roberts, J.A. Conceptual learning outcomes of virtual experiential learning: Results
of Google Earth exploration in introductory geoscience courses. Res. Sci. Educ. 2018, 48, 533–548. [CrossRef]

80. Blank, L.M.; Almquist, H.; Estrada, J.; Crews, J. Factors Affecting Student Success with a Google Earth-Based Earth Science
Curriculum. J. Sci. Educ. Technol. 2016, 25, 77–90. [CrossRef]

81. Collins, L. The impact of paper versus digital map technology on students’ spatial thinking skill acquisition. J. Geogr. 2018, 117,
137–152. [CrossRef]

82. Demirci, A.; Karaburun, A.; Kılar, H. Using Google Earth as an educational tool in secondary school geography lessons. Int. Res.
Geogr. Environ. Educ. 2013, 22, 277–290. [CrossRef]

https://doi.org/10.1016/j.lindif.2013.03.010
https://doi.org/10.1016/j.isprsjprs.2018.08.019
https://doi.org/10.1080/00221341.2017.1346138
https://doi.org/10.1111/j.1749-8198.2008.00165.x
https://doi.org/10.3390/su12114586
https://doi.org/10.1080/00221341.2019.1676819
https://doi.org/10.1080/00221341.2011.532563
https://doi.org/10.2167/irgee196i.0
https://doi.org/10.1111/j.1467-8306.2007.00578.x
https://doi.org/10.1080/10382046.2013.817662
https://doi.org/10.1080/00221341.2011.637227
https://doi.org/10.1080/19475683.2020.1766563
https://doi.org/10.1080/00330124.2019.1595064
https://doi.org/10.1002/tea.20409
https://doi.org/10.1007/s10956-013-9478-0
https://doi.org/10.1111/tgis.12704
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1007/s11165-016-9577-z
https://doi.org/10.1007/s10956-015-9578-0
https://doi.org/10.1080/00221341.2017.1374990
https://doi.org/10.1080/10382046.2013.846700


Land 2024, 13, 2218 19 of 19

83. De Paor, D.; Coba, F.; Burgin, S. A Google Earth grand tour of the terrestrial planets. J. Geosci. Educ. 2016, 64, 292–302. [CrossRef]
84. De Paor, D.G.; Dordevic, M.M.; Karabinos, P.; Burgin, S.; Coba, F.; Whitmeyer, S.J. Exploring the reasons for the seasons using

Google Earth, 3D models, and plots. Int. J. Digit. Earth 2017, 10, 582–603. [CrossRef]
85. Giorgis, S. Google Earth mapping exercises for structural geology students—A promising intervention for improving penetrative

visualization ability. J. Geosci. Educ. 2015, 63, 140–146. [CrossRef]
86. Gobert, J.; Wild, S.; Rossi, L. Testing the effects of prior coursework and gender on geoscience learning with Google Earth. Google

Earth Virtual Vis. Geosci. Educ. Res. 2012, 492, 433–468.
87. Hadi, B.S.; Siasah, M.M.; Sariyono, K.E. The Effect of Google Earth-Assisted Remote Sensing Learning on Students’ Spatial

Thinking Ability in Solving Disaster Mitigation Problems. IOP Conf. Ser. Earth Environ. Sci. 2021, 884, 012013. [CrossRef]
88. Koc, T.; Topu, F.B. Using three-dimensional geospatial technology in primary school: Students’ achievements, spatial thinking

skills, cognitive load levels, experiences and teachers’ opinions. Educ. Inf. Technol. 2022, 27, 4925–4954. [CrossRef]
89. Kulo, V.; Bodzin, A. The impact of a geospatial technology-supported energy curriculum on middle school students’ science

achievement. J. Sci. Educ. Technol. 2013, 22, 25–36. [CrossRef]
90. Monet, J.; Greene, T.J. Using Google Earth and satellite imagery to foster place-based teaching in an introductory physical geology

course. J. Geosci. Educ. 2012, 60, 10–20. [CrossRef]
91. Xiang, S.; Liu, Y. Understanding ‘change’ through spatial thinking using Google Earth in secondary geography. J. Comput. Assist.

Learn. 2016, 33, 65–78. [CrossRef]
92. Popay, J.; Roberts, H.; Sowden, A.; Petticrew, M.; Arai, L.; Rodgers, M.; Britten, N. Guidance on the Conduct of Narrative Synthesis in

Systematic Reviews: A Product from the ESRC Methods Programme; Lancaster University: Lancaster, UK, 2006.
93. Libarkin, J.C.; Anderson, S.W. Assessment of learning in entry-level geoscience courses: Results from the Geoscience Concept

Inventory. J. Geosci. Educ. 2005, 53, 394–401. [CrossRef]
94. Lee, J.; Bednarz, R. Effect of GIS learning on spatial thinking. J. Geogr. High. Educ. 2009, 33, 183–198. [CrossRef]
95. Bodzin, A.M.; Cirucci, L. A land-use-planning simulation using Google Earth. Sci. Scope 2009, 32, 30–38.
96. Harrower, M. Visualizing change: Using cartographic animation to explore remotely-sensed data. Cartogr. Perspect. 2001, 39,

30–42. [CrossRef]
97. Moorman, L.; Crichton, S. Learner requirements and geospatial literacy challenges for making meaning with Google Earth. Int. J.

Geospat. Environ. Res. 2018, 5, 5.
98. Sweller, J. Cognitive load theory. In The Psychology of Learning and Motivation: Cognition in Education; Elsevier: Amsterdam, The

Netherlands; Academic Press: Cambridge, MA, USA, 2011; Volume 55, pp. 37–76.
99. Hegarty, M. Components of spatial intelligence. In The Psychology of Learning and Motivation: Advances in Research and Theory;

Elsevier: Amsterdam, The Netherlands; Academic Press: Cambridge, MA, USA, 2010; Volume 52, pp. 265–297.
100. Rosenthal, R.; DiMatteo, M. Meta-analysis: Recent developments in quantitative methods for literature reviews. Annu. Rev.

Psychol. 2001, 52, 49–73. [CrossRef]
101. Baddeley, A. Working memory. Science 1992, 255, 556–559. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.5408/15-116.1
https://doi.org/10.1080/17538947.2016.1239770
https://doi.org/10.5408/13-108.1
https://doi.org/10.1088/1755-1315/884/1/012013
https://doi.org/10.1007/s10639-021-10810-x
https://doi.org/10.1007/s10956-012-9373-0
https://doi.org/10.5408/10-203.1
https://doi.org/10.1111/jcal.12166
https://doi.org/10.5408/1089-9995-53.4.394
https://doi.org/10.1080/03098260802276714
https://doi.org/10.14714/CP39.637
https://doi.org/10.1146/annurev.psych.52.1.59
https://doi.org/10.1126/science.1736359

	Introduction 
	The Role of GSTs in Geospatial Thinking Skills 
	Geospatial Thinking 
	Tools for Graphically Representing of the Earth’s Surface: Virtual Globes and Google Earth 
	Using Google Earth to Support Geospatial Thinking 

	Materials and Methods 
	Selection of Research Studies 
	Synthesis and Content Analysis Procedure 

	Results 
	Do Learning Interventions That Use Google Earth Demonstrate Improved Geospatial Thinking and Learning? 
	What Study Designs and Methods Have Been Used to Investigate the Impact of Google Earth-Based Interventions on Geospatial Thinking and Learning? 
	What Curriculum, Subject Matter, Assessments and Outcome Measures Have Been Used to Examine Geospatial Thinking and Learning? 
	How Do Prior Knowledge or Other Individual-Difference Variables Affect the Impact of Google Earth-Based Interventions on Geospatial Thinking and Learning? 
	What Pedagogical and Implementation Challenges Should Be Considered When Using Google Earth-Based Intervention? 

	Discussion 
	Potential Mechanisms That Support Geospatial Thinking and Learning 
	Limitations of the Present Review 
	Future Research Directions 

	References

