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Abstract: Applying ArcGIS Online application to geological fieldwork provides an alternative way
to teach students. This brief report describes an educational innovation for geological fieldwork
with the ArcGIS Online application to examine students’ learning experiences. In comparison to
traditional classrooms, this teaching method enables students to more easily comprehend how
geological structures and features connect through the mapping area. This observation indicates that
students can think about the structure and deformation events as spatial continuity during acquisition
data gathering in the field. Results from independent t-tests between treated and untreated student
groups show that the average post-test scores of the treated students were significantly higher than
pre-test scores, at a p = 0.05 level, after using ArcGIS Online in fieldwork designed in this study.
Therefore, the ArcGIS Online application plays an important role in changing and developing the
geological fieldwork in Thailand at the university scale for students. This teaching method could
potentially benefit any science teaching and have applications in other disciplines requiring similar
skills as well.
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1. Introduction

Fieldwork is a necessary component of geoscience and geographical education and
is typically a part of higher education curricula such as in universities and colleges [1–5].
Geoscience fieldwork is an interpretation-based field and requires students to observe and
classify Earth’s materials including structural geology, tectonic setting, and lithology [6].
Field geological sites may sometimes be remote and difficult to access for many students.
Thus, traditional fieldwork management usually divides students into groups or teams to
increase their opportunities to access the field sites and participate in field-based learning
activities. However, misinterpretation for making a geological map may occur among
students between teams because each team may approach different geological sites or gain
different experiences based on their different observations during their fieldwork.

Today, computer technology offers alternative teaching methods to traditional field-
work. The portable and precise digital tools offer benefits in geological fieldwork such as
precision location, rapid acquisition and recording of data sets, and real-time data visual-
ization in the field [7,8]. Thus, fieldwork in geoscience and geographical education today
needs to be transformed by utilizing technology and digital information. It is important for
instructors to use cutting-edge technology to perform fieldwork in a form that is practical
for students to enhance students’ learning experiences.

Recently, the number of geographical information systems (GIS) mobile applications
has increased rapidly corresponding to the widespread of global navigation satellite system
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(GNSS)-equipped mobile devices such as smartphones and tablets [9]. This allows a smart
device to become a potential tool for geomatic applications since modern smart devices are
able to reach a very notable quality of positioning [10]. Additionally, geospatial information
can be accessed by a web browser on desktop computers, tablets, and smartphones [11].
Furthermore, web mapping used for creating an online map is now also more attractive
than previous versions of GIS with user-friendly interfaces that do not require expert
knowledge of GIS to use [11]. Different examples of GIS in teaching and learning have been
demonstrated in many studies [12–14]. GIS-based teaching methods are considered to help
students in the development of spatial ability that improves their mapping skills [15–17].

Several advanced technologies have been developed to help teachers and instructors
creating digital fieldwork for a practical and low-cost alternative to traditional fieldwork.
ArcGIS Online is a geographic information system hosted on a cloud-based server with
broad functionality. It opens many opportunities for scientific visualization in many areas
of geoscience and geography and can be used as a teaching medium [18]. ArcGIS Online
systems can run on handheld computing devices such as tablets and smartphones that
have become almost commonplace in many universities around the world. ArcGIS Online
in fieldwork is simple and accessible via internet hotspots with students’ smart devices.
In addition, the ArcGIS system has been used as a digital tool in several fieldworks with
positive responses from students, but it can sometimes be challenging to a beginner [8].

This study examines the students’ learning experience of the students using ArcGIS
Online via smartphones and tablets. The development and design of a new method for
teaching fieldwork described in this study targets smartphone enthusiasts because the
students in colleges and universities are most likely using mobile devices for informal
learning. Additionally, smartphone-based methods have gained interest among geoscience
and geography instructors in many schools [8,19,20]. This study attempts to create a new
method for teaching fieldwork using ArcGIS Online application on mobile devices. Thus,
the challenge of this study in terms of geoscience education is to bring a new technology to
geological fieldwork.

2. Materials and Methods

Traditional teaching methods in fieldwork including paper-based mapping, geochem-
ical sampling, collecting geophysical data, and using remote sensing are commonly used
in many Thai universities. Digital fieldwork is gaining popularity internationally across
geoscience and geographical education, but there have been no case studies conducted in
Thailand. In addition, this new method is useful for students to prepare digital mapping
skills for future geoscience professions [21]. Additionally, a smartphone-based teaching
method is ideally suitable at the university level, because students studying at universities
are familiar with this type of teaching. Thus, this brief report describes the case study
of using ArcGIS Online with an educational institution license in geological fieldwork
to enhance students’ learning experience at Chulalongkorn University, Thailand, where
geology students must enroll in a four-credit geological fieldwork course. The course
comprises two parts: (1) field methods in theory and practice and (2) field mapping projects
carried out in teams of three to four students.

Among the ArcGIS Online applications that can be used for digital fieldwork, ArcGIS
Survey123 stands out as a field dedicated application for collecting, analyzing, and report-
ing data and can be used flexibly on a smart device (e.g., smartphone, computer, tablet),
with or without a field internet connection [22,23]. Survey123 is a part of the Esri Geospatial
Cloud and can integrate with Esri’s ArcGIS platform, making it is fully compatible with
both ArcGIS Desktop and ArcGIS Online [9,24]. Survey123 is useful for collecting survey
data in various types including text, number, picture, and location.

2.1. Development and Design

A two-week geological field mapping was designed to investigate the potential of the
ArcGIS Online application in supporting innovative ways of teaching fieldwork. Students
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were assigned a different field mapping area for each team and asked to give a short
discussion, summary, or progress of the mapping area including rock units, geological
structures, and tectonics during the field. The development of the geological fieldwork
teaching with the ArcGIS Online application included four steps: (1) creating a base map
layer, (2) generating a survey form, (3) making a web map application, and (4) publishing
an online map. The typical workflow diagram for this fieldwork teaching method is shown
in Figure 1.
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Figure 1. A typical workflow for constructing a fieldwork teaching with ArcGIS Online application.
In this workflow “teacher” is an administrator responsible for creating and publishing web map
applications. “Students” are users that are responsible for data collection. The web map application
allows all teachers and students to view and query data from anywhere with an internet signal.

Firstly, a base map layer was prepared by the ArcGIS Desktop software. A topographic
map is typically used as the base map layer for geological work. For this study, the
topographic map from the Royal Thai Survey Department (RTSD) was used. The map with
the field areas for students was applied and rectified within the ArcGIS Desktop software.
Then, the base map layers were uploaded to ArcGIS Online for use as a reference map layer.

Secondly, the teacher created a survey form using ArcGIS Survey123 for geological
outcrop descriptions before embarking upon the fieldwork. The survey form is based
on necessary geological information to make a geological map and help students discuss
with their classmates. For example, in this study, the necessary geological information
consists of “area”, “day”, “station”, “exposure type”, “rock type”, “rock name”, “rock
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unit”, “strike”, “dip direction”, “dip angle”, “photo”, “location”, and “description”. Three
types of data, including number, text, and photo, can be filled in the survey form and as
attribute tables (Figure 2).
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Figure 2. Field survey information and data type for generating a survey form and image of the
Survey123 application on the smartphone. The necessary geological information can be collected
and recorded via smartphone through online and offline modes (left). A screenshot of the Survey123
application shows an example of the interface of the survey used in this study (right).

In the field, students were required to download the Survey123 application to their
smartphones. Afterward, students could download the survey created on their smart
devices and then fill out field information within the form even in the offline mode.
Additionally, pictures taken in the field are automatically geotagged by the smart device
if an internet connection is available, which makes it possible to include them in the
ArcGIS system. Subsequently, all data entered into the survey form are then automatically
transferred to the ArcGIS Online cloud and uploaded to a server. However, if there is no
internet connection in the field, Survey123 offers the possibility of locating the geological
sites by manually inserting the location from the topographic map.

Thirdly, a fieldwork web map application was created by using the ArcGIS Web
AppBuilder that is included with the ArcGIS Online application. The fieldwork web map
in this study was designed for easy use so that teachers and students could view and query
data on the map by clicking on layer names. Survey data were classified by categories and
properly manipulated to be represented on a 1:50,000 topographic map and ArcGIS Online
base maps. Subsequently, in this study, six layers of point features, including area, rock
type, day, rock name, rock unit, strike, and dip, were created from the survey information
data. These layers were then symbolized by the unique value method based on the data
in the attribute table of the survey form. To illustrate, the “rock name” layer, which was
further classified as limestone, sandstone, conglomerate, mudstone, and andesite, was
symbolized by an orange square, blue square, green square, purple square, and red square,
respectively. In addition, the “strike” layer was symbolized by a strike and dip symbol,
which rotated to follow the value of the azimuth angle in the “strike” field such as 340◦.
Apart from the symbolization, we then created the label for these layers by selecting the
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most related data from the attribute table of the survey form. For example, the “strike” layer
was labeled with the value from the “dip angle” field such as 13◦ (Figure 3). Afterward,
basic widgets such as the base map gallery, measurement, and filter were also added to the
web map in case users want to customize the map.
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Figure 3. An interface and screenshot from a smartphone display of the web map application. Users
can turn on/off feature layers by clicking on the layer names. On the attribute table panel, specific
stations can be selected from the table, which will show the selected feature simultaneously on a
map (a cyan dot corresponding to a selected attribute in cyan color). In addition, detailed survey
information at each station can be shown as a pop-up window when the user clicks on a point feature
on the map.

Finally, the web map application was completed and ready to be published online
with a uniform resource locator (URL) link. Additionally, anyone with the link could view
and query the result data in real time. Thus, students could easily view and share their own
data on ArcGIS Online with their classmates and teachers at the geological sites during
and after the fieldwork for discussions (Figures 3 and 4).

In addition, detailed survey information for each station can be shown in a pop-up
window when the user clicks on a point feature on the map (Figure 4).

2.2. Study Population

The population consisted of third-year undergrad students in a gender-mixed class-
room from the Department of Geology, Chulalongkorn University. A total of 30 students
(11 males, 19 females) participated in fieldwork during the summer semester. They were
equally separated into two groups including the treated and untreated groups. The 30 stu-
dents participating in the study were divided into 8 gender-mixed teams for each mapping
area. The treated group was designed to use the new method from this study, while the
untreated group performed via a traditional paper-based method. The treated students
had no previous experience with the ArcGIS Online application. They were given the
opportunity to become familiar with the ArcGIS Online application at the university before
conducting their fieldwork.
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2.3. Data Collection and Evaluation

In order to evaluate the learning effectiveness of using the ArcGIS Online application
in fieldwork, participating students in both groups were asked to do pre- and post-tests
comprising 20 multiple choice questions, which was the same test before and after the
fieldwork. The pre-test was conducted in order to seek out the initial scores, or capability, of
the students before the fieldwork. The post-test was conducted at the end of the fieldwork
to find out and compare the learning gains of the students in both groups. The multiple-
choice questions were based on the course objectives and field mapping conceptions. The
questions included geological block diagrams, map projections, interpretation of aerial
photos and topographic maps, fossil and rock classification, arrangement of the rock layers,
and geological structure interpretation from outcrop photos. In addition, the validity and
difficulty level of the questions were carried out by the fieldwork committee. The statistical
tools calculated from the pre- and post-test are basic statistics including average, standard
deviation, and t-test. The hypothesis of this statistic was that the treated group had a
significantly higher score than the untreated group. To evaluate the advantage of the
ArcGIS Online application on the fieldwork, students’ experiences were observed during
and after the fieldwork.

3. Findings and Discussion

The basic statistics from the pre- and post-test of fieldwork using ArcGIS Online from
students in the treated and untreated groups are shown in Tables 1 and 2. The average pre-
test scores are nearly equal in both groups, representing that the students in both groups
had similar basic knowledge in geological mapping and fieldwork. The average post-test
score from the treated group was higher than the untreated group. This indicates that
the new teaching method on fieldwork with the ArcGIS Online application can improve
students’ learning effectiveness.
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Table 1. Descriptive statistics of the untreated and treated groups.

Group Number Mean SD df t-Stat.

Untreated
Pre-test 15 12.92 1.37

14 5.585Post-test 15 15.27 1.58

Treated
Pre-test 15 12.65 1.55

14 7.835Post-test 15 17.60 1.88

Table 2. The independent t-test for comparing the score between the untreated and treated groups.

Group Number Mean SD df t-Stat.

Untreated 15 15.27 1.58
28 3.678Treated 15 17.60 1.88

Examining the independent t-test scores, as shown in Table 2, reveals a significant
difference between the pre- and post-test scores in the treated group (t(0.95,28) = 1.71). The
average post-test score of the treated students was significantly higher than pre-test scores,
at p = 0.05 level, after using ArcGIS Online in fieldwork designed from this study.

From fieldwork observations, the treated students seemed to be very concerned with
the new teaching method in the fieldwork with the ArcGIS Online application. They
appeared to be more interested in the acquisition and creation of field mapping with a
digital tool or smart device. The students could check if they collect the data to coincide
with other groups in real time. It seems that the treated students spent less time at the
outcrops or geological sites, compared to the untreated students. Additionally, the treated
students had a better interpretation of how geological structures connect through the study
area, compared to the untreated students. This may be due to the fact that the students
could see other group data in real time, after which they could dwell on the structure
and deformation events as spatial continuity during acquisition data in the field. Thus,
the ArcGIS Online application in fieldwork could enhance student learning about spatial
thinking [25]. The geological mapping, interpretation, and discussion between students
were usually performed after the students returned from the field and compiled the outcrop
data with other groups. If the interpretation were incorrect, the students would have a
problem connecting geological structure and boundary. Hence, they had to rethink and
revisit the previous outcrop again the next day, and this problem usually occurred with
the untreated students. The ArcGIS Online application and digital fieldwork helped to
solve this problem. Moreover, the treated students also helped each other to solve and
discuss problems during their acquisition in the fieldwork. The treated students seem to be
influenced by the ability to record data faster and see real-time visualization.

Based on personal interviews, the treated students were positive with digital fieldwork
using ArcGIS Online. The treated students felt that the benefit of a real-time visualization on
their smart devices gave them time to plan and correct the necessary geological information
more easily. They could also integrate observations from individual groups into the regional
map during the acquisition and interpretation times. For example, the student from the
treated group expressed on the note that the smart device was useful and convenient for
data collection in the fieldwork and also reduced the time spent on the geological site.
Another student response from the untreated group stated that the traditional method
required more time to transfer field data from paper notes into digital format to create
geological maps and reports. In addition, the benefit of cloud-based mobile applications
used in this study was that the user-friendly interface of the web map and the survey form
creating from ArcGIS online and Survey123 application were easy for teachers and students
to use and operate with only basic GIS knowledge. This finding is similar to previous
studies including [26] (pp. 201–205), [23] (p. 103), [24] (pp. 7–9), and [11] (pp. 12–13).
Additionally, teachers could manage and observe the daily work progress of the student
through the ArcGIS Online application.
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4. Conclusions

This paper presents a convenient method for the development of innovative educa-
tional strategies in teaching fieldwork. In 2020, a pilot study was conducted in which
student groups accomplished their 14-day field mapping project using the ArcGIS Online
application on their smart devices. The students reported their experience through a geo-
logical map, report, and presentation at the end of the fieldwork. It can be summarized
that the students were very enthusiastic about using digital tools in the field and strongly
recommended that more such tools be implemented in fieldwork teaching. There was a
consensus that this new fieldwork teaching method could reduce the cost of paper and
writing utensils. Further implementations could extend this teaching method to a wider
user including professional geoscientists and even the public. The new way of teaching
in fieldwork using ArcGIS Online was successfully able to enhance students’ learning
experience and learning effectiveness in this study and can be used in higher education at
the university scale for students.

5. Limitations and Recommendations
5.1. Limitations and Requirements

The geological outcrop images for sharing with other classmates must be capable of
showing representative geological structures or features. Some students may not know
how to select the representative images and descriptions of the outcrops; therefore, it is
useful for them to practice these skills before going into the field. The image file size of an
outcrop or a rock sample directly influences the load time of data on the smartphone. An
internet connection is important for sharing and sending data to the server. In addition,
the teaching method proposed in this study requires teachers who are able to adapt and
implement the innovations. Thus, computer and software skills may be limited in some
teachers. The main disadvantages during digital note taking are poor battery life and
software malfunction. In addition, an ArcGIS Online account is required to purchase
a software license that could make it less accessible in some schools. Additionally, a
comparable function may be accomplished by using open source or free license software;
however, only well-trained GIS developers can operate it [23].

5.2. Further Applications

The digital tools using the ArcGIS Online application support students’ learning
experience by recording and documenting field observations to improve the quality of
fieldwork, geological mapping, and geological report. More studies targeting the develop-
ment skill and proficiency of the impact of digital fieldwork in geoscience and geographical
educations are needed as innovative educational strategies. Although the focus of this
study was only on geological fieldwork, the choices of data input into this application
could also benefit other disciplines that adopt similar learning methods.
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