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Abstract. This study aims to uncover GST's gaps and patterns (Geospatial
Technology) knowledge transformation among Pre-service and
experienced geography teachers using GST as an educational tool based
on the Technological, Pedagogical, and Content Knowledge (TPACK)
framework. GST integration into material content is implemented as a
basis for thinking and acting to solve problems and decision-making,
especially geographic content. This study is doing a cross-sectional
survey with 600 respondents of the population. They were divided into
five groups, such as Pre-service teachers, in the beginning, middle, final
semester, and then beginner and experienced teachers, and each group
consisting of 120 respondents. The measured GST component includes
conceptual knowledge, implementation, and reasoning acquired by tests.
The obtained test values were analyzed by the SPSS software for statistic
descriptive and plotting gap knowledge value in the scatterplot-graph.
Then, deviation values were obtained; the transformation model was
mapped and interpreted in the Cartesian diagram. The results showed a
GST knowledge gap between Pre-service and experienced geography
teachers. The low implementation ability of experienced teachers means
that GST is not optimal as a pedagogical tool in geography learning with
the TPACK framework. Therefore, the TPACK framework needs to be
practiced in continuous geography learning and changing the paradigm
learning from GST Be learning with GST to strengthen the curriculum.

Keywords: Transformation; Geospatial technology; Gap knowledge;

Technological-pedagogical-content knowledge; Geography study

1. Introduction
Geospatial Technologies (GST), including Geographic Information Systems (GIS),
Remote Sensing, and Global Positions System (GPS) is now a universal tool for
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solving problems geographically and in several scientific disciplines (Liu et al.,
2019). Since its introduction, GST has been proven to create geography learning
more effectively (Garcia de la Vega, 2019; Verma & Estaville, 2018). The
effectiveness affects people's awareness of its use as an educational tool (Clarke,
2013; Kim, 2011; Kouziokas, 2015). GST's use as a pedagogical tool in geography
learning is increasingly open along with internet technology development. These
developments have encouraged the GST industry's growth globally and
ultimately provided unlimited geographic learning opportunities (Moorman &
Crichton, 2018). Distance and time are no longer an obstacle since they present
various accurate geospatial information from various places in the world. This
openness offers the opportunity to broaden the new knowledge and skills of the
21st century through the ability to think critically, creatively, communicatively,
collaboratively, and in technological competence with GST (Belgiu et al., 2015).
Therefore, Pre-service teachers and geography teachers need to have the capacity
to use technology as an orientation to obtain new knowledge.

Geospatial information technology knowledge in geography learning in colleges
and schools is an important component in learning geography. GST has been
widely implemented in learning practices as a new strength in learning that uses
a technology base to acquire knowledge. GST, as a pedagogical tool, offers a new
way to view, study, and analysis information in transformative learning in spatial
contexts (Garcia de la Vega, 2019). The practice of using GST as a pedagogical tool
as a basis for reasoning and thinking in learning spatial thinking (Jo & Hong, 2018;
S. Metoyer & Bednarz, 2017; S. K. Metoyer et al., 2015) geospatial thinking (Baker
et al., 2015; Clarke, 2013; Garcia de la Vega, 2019), and geographical thought
(Brendel, 2017; Muiiz Solari et al., 2015).

GST's potential as a pedagogical tool in geography learning is identified (Mufiz
Solari et al., 2015). A survey of 47 geography teachers by Kerr (2016) showed 70%
are interested in using GST, and even the rest have been practiced. Through a
series of surveys in community service activities and GST training workshops,
geography teachers in Indonesia are also interested in using GST. In particular,
experienced teachers who have low implementation skills have never used GST.
The condition shows that GST implementation as a pedagogical tool has a strong
appeal and is proven effective (Curtis, 2019; Hong & Stonier, 2015; MaKinster et
al., 2014; Oda et al., 2020).

However, the effectiveness of GST as a pedagogical tool in its implementation still
reaps problems. The application's complexity is a common obstacle faced by many
people (Kerski et al., 2013). The same thing was revealed by The National
Assessment of Educational Progress (NAEP), where the complexity of GST
applications is a major obstacle for pre-service and geography teachers in America
(Boehm et al., 2018; Langran, 2016). Other studies by Mzuza & Van Der
Westhuizen (2019) are obstacles faced by geography teachers in Africa in using
GST because it is increasingly complex. The complexity of GST as a pedagogical
tool is due to the pre-service teachers and geography teachers having little GST
knowledge. This matter means that pre-service teachers and geography teachers
lack strong GST knowledge, specifically on implementing. Lack of experience,
knowledge, technical expertise, and teachers' reluctance to change the way they
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teach, underfunding, and inadequate resources. These constraints triggered the
non-continuation of the geography teacher's professional development program
in the implementation of GST as a pedagogical tool (Collins & Mitchell, 2019;
Curtis, 2019; Hammond et al., 2018).

According to Muiiiz Solari et al. (2015) and Mathews & Wikle (2019), the
importance of engaging prospective teachers and geography teachers directly to
use GST. Besides, teachers should have a framework of knowledge about
Technology (T), Pedagogy (P), and Content (C) called TPACK (Mishra, 2019). The
framework has a strong influence on practices in teacher education and
professional development on a broad scale. GST integration as a pedagogical tool
within the TPACK framework affects the correlation between technology,
pedagogy, and content knowledge (Elas et al., 2019).

Some studies have suggested that GST has a positive impact on learning in the
field of geography studies. However, the practice of GST is still a challenge in
some countries, especially Indonesia. However, prospective teachers and
geography teachers have been provided with GST knowledge during lectures and
training. A low level of GST knowledge is still an optimal constraint of GST as a
pedagogical tool and the complexity of the application. According to Taimalu &
Luik (2019), GST knowledge and other technologies are related to three main
concepts: conceptual, implementation, and reasoning. These three components
are important to master, especially prospective teachers and geography teachers,
to use GST as a pedagogical tool. The reasoning component is considered the heart
of technology (Taimalu & Luik, 2019).

There has not been much research that reveals the in-depth incongruity of GST
knowledge. Therefore, this research aims to uncover the process of transforming
GST knowledge from prospective teachers to geography teachers. GST
knowledge is obtained through survey activities by conducting tests divided into
three components: conceptual, implementation, and reasoning. The trend of
transformation and the GST knowledge gap is the findings in this study.

Research Hypothesis:
1. The transformation of pre-service teachers to experienced teachers is
directly proportional to the GST knowledge level increase.
2. There is a GST knowledge gap between pre-service teachers and
experienced teachers.

1.1 Geospatial Technology (GST)

Geospatial technology (GST) consists of geographic information systems (GIS),
remote sensing (RS), Global Position Systems (GPS), and digital globes com-prize
(Baker et al., 2015). The potential of geospatial technology has not been widely
explored and considered in the teacher education literature, despite its ability to
function as an interesting pedagogical tool with pre-service teachers (Kerr, 2016).

GIS as a geospatial technology inherently, GIS has the potential to facilitate
problem-based learning and inquiry-based learning (Favier & Van Der Schee,
2012; Howarth & Sinton, 2011). Likewise (Hong & Stonier, 2015) has integrated
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TPACK in GIS training to assist pre-service teachers in using GIS as a tool in
learning with the consequences of using sustainably.

According to (Kholoshyn et al., 2019), there are three fundamental reasons for
using remote sensing GST as a pedagogical tool, namely 1) remote sensing can
present the Earth's surface by reality to increase student motivation in learning
geography, 2) in small scales it allows students constructing regional relationship
patterns, 3) high temporal resolution capability allows monitoring of
environmental changes. Remote sensing and GIS provide valuable spatial
frameworks for scientific inquiry and are very effective in integrating earth system
science (Bihrer et al., 2019). Through the power of spatial, temporal, and spectral
resolution, sensing data is much more dynamic, so that it can be categorized as a
type of modern representation because it measures not only cognitive competence
but also students' ability to think sustainably (Kholoshyn et al., 2019; Saputro et
al., 2020). The integration of Geographic Information Systems (GIS), Satellite
Remote Sensing (RS), and the Global Position System can be very effective tools
for many subjects in the field of Geography Studies (Cheung et al., 2011).

1.2 GST Knowledge Transformations

Transformation is the creation and change of a completely new form, function, or
structure. Transformation means creating something new that has never existed
before and cannot be predicted from the past. According to Ross (2020),
transformation is a change of shape, nature, and function. Meanwhile, Parali¢ et
al. (2013) assume that transformation is practically converting understood
knowledge into personal knowledge. In the context of GST knowledge,
transformation is defined as a change in GST knowledge conceptual,
implementations, and reasoning. Based on this concept, a series of knowledge
transformation processes includes several stages: knowledge acquisition and
storage, sharing of knowledge, and synthesis of knowledge. Changes in time have
an important influence on the transformation process, which forms a new pattern
of knowledge (Parali¢ et al., 2013), which positively affects learning geography in
the classroom because it can build students' thinking abilities (Bodzin, 2011).

The imbalance in the development of GST with the knowledge of the teacher
causes inequality. This study's function and purpose are to reveal the GST
knowledge gap from transforming stages into teachers. Here is the difference
between this study and the previous one in uncovering GST issues as a
pedagogical tool from previous studies. The discovery of the knowledge gap is
then used as an orientation in improving the geography learning component.
TPACK as a framework for integrating technology as a pedagogical tool depends
very much on GST knowledge from teacher candidates and geography teachers.
Non-fulfillment of GST knowledge The value of inequality obtained is used to
assess teacher readiness using GST as a pedagogical tool.

1.3. GST as a Pedagogical Tool in the TPACK framework
The pedagogical and content technology framework (TPACK) presents ways of
thinking about effective technology integration, specifically knowledge related to

integrating technology effectively into the learning environment (Brinkley-
Etzkorn, 2018; Mishra, 2019; Pamuk, 2012; Sickel, 2019). Wongsopawiro et al.
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(2017) explained that pedagogical content knowledge (PCK) produced the idea
that teachers must know content and pedagogy in teacher professional
development programs. TPACK has strongly influenced research and practice in
teacher education and professional development on a broad scale (Mishra, 2019).
The integration of technology into the PCK concept makes TPACK unique to
teachers.

The TPACK framework consists of 3 main components, namely Technology
Knowledge (TK), Pedagogical Knowledge (PK), Content Knowledge (CK)
(Mishra, 2019; Rahayu, 2017). Technology integration as a pedagogical tool in the
TPACK framework can be interpreted from two relationship contexts: TK-CK,
which generates Technology Content Knowledge (TCK), and TK-PK that results
in a Technological form of Pedagogical Knowledge (TPK) relationship. TCK is
knowledge about how to integrate technology with related content. The success
of teachers in integrating material with technology depends on how far the
teacher can use technology. There is no understanding of how the technology
works with the material's content to be integrated; it is difficult to realize effective
learning.
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Figure 1. Representation of Geospatial Technology (GST) Knowledge within the
TPACK framework (Mishra, 2019)

Likewise, Technological Pedagogical Knowledge (TPK) is an integration of

technological knowledge with pedagogical knowledge. In this context, a teacher
does not know enough about technology, but conceptually, the teacher's
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implementation and reasoning can use the technology (Coogle et al., 2019) in
teaching practice.

The use of GST as an analytical tool in the TPACK framework depends very much
on implementation ability. Without being supported by this ability, candidates
and geography teachers have difficulty establishing the GST logic. According to
the National Research Council (NRC) and the National Academy of Engineering
(NAE), there are three main components of using technology as an orientation in
thinking, namely knowledge, abilities, and critical thinking in decision making
(Pleasants et al., 2019). From this concept, it can be interpreted that to utilize GST
as a pedagogical tool, candidates and geography teachers should have conceptual
knowledge, implementation, and use of these technologies to solve problems and
make decisions.

2. Methods

2.1 Research Design

This research is a cross-sectional observational study conducted to assess the level
of GST knowledge by pre-service students (generation of 2016 to 2019) and
geography teachers. The survey was conducted from 2017 to 2020. This research
is quantitative by collecting data on GST knowledge scores. The score in question
results from a GST knowledge test created and uploaded online via the web
(https:/ / geoedu224. wordpress.com/) with uses the google forms platform as a
data collection tool. Because online surveys are an alternative to traditional
surveys (face-to-face surveys, posts, or telephones) that can cost and time and
reach a larger and diverse sample (Braun et al., 2020; Regmi et al., 2017). GST
knowledge questions and answers are visually represented, so it is necessary to
consider the file size that can affect the download process due to internet speed
(Regmi et al., 2017). Score data is obtained from the pre-service Teacher's GST
knowledge pedagogical test at the end of each odd semester with a different class
of students. Meanwhile, in geography teachers, this pedagogical competency test
is carried out during the Teacher Professional Education program [PPG] (Ningsih
et al., 2016). The score data were then analyzed to reveal the GST knowledge gap
between pre-service teachers and geography teachers.

Table 1. Characteristics of Geospatial Information Technology Knowledge

Geospatial Information Technology Knowledge

No GST Conceptual GST Implementation GST Reasoning
Ability Ability Ability
GIS: Geometric Correction, . .
. o Doing reading of
Iayer creation, dlgltlze, .
GIS Concepts, .. maps, images,
data editing, buffer
1. Theory, and analvsis. overlavs graphs, tables,
Methods SIS, i summarizing, and

interpolation, 3D, and

Network Analysis. decision making,
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Geospatial Information Technology Knowledge

No GST Conceptual GST Implementation GST Reasoning
Ability Ability Ability
Interpretation of
temperature, land
RS Concepts, Remote sensing: Digital changes, and
. density of
2. Theory, and Interpretation, Land use, vevetation. water
Methods NDVI, and Temperature. & .. !
and decision-
making
capabilities
Global Positions System
GPS Concepts, (GPS) 1nclud11.1g Plotting Wfiy to read,
location, reading using GPS to plot
3. Theory, and . | .
Methods coordinates, altitude, and locations, and
accuracy check using a decision-making.
compass.

Source: (Gu et al., 2019; Knieova et al., 2016; Pleasants et al., 2019)

2.2 Research Strategy

Respondents to GST knowledge testing used stratified random sampling, in the
sense of taking samples from grouped populations, including pre-service teacher
first semester, mid-semester, final semester, beginner teacher, and experienced
teacher, especially for geography study. The population per group is 120 out of
600 for the whole. We determine the population because of students' total quota
in geography education per-generation and [PPG] teachers as many as 120. This
method's advantage is to narrow the differences in individual types through
classification by determining the number of representative samples (Shi, 2015).
The number of samples specified in this study is n = 92 per-group. Determination
of the number of samples can be spelled out with the following formulas (Survey
Monkey, 2014):

z? xpA—p)
. e
sample size = 1+ZZ < p(1—p)
e’N

where, N = population size, e = margin of error (percentage in decimal form), z =
z-score. Z-score is a standard deviation number with a given proportion of the
average.

Web-based research instruments have calculated the value of internal consistency
or reliability by Cronbach Alpha at 0.774, with 27 items asked questions. The
acceptable alpha value of instrument reliability is > 0.7 or more (Taber, 2018;
Tavakol & Dennick, 2011).
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2.3 Data Collection and Analysis

The data collection analyzed in this study is a question of GST knowledge divided
into three components, including conceptual understanding (11 items),
implementation capabilities (9 items), and reasoning (7 items) to understand and
solve problems in a geographical phenomenon. Researchers created an original
question. Before taking the test, respondents are advised to fill in academic
information first as identity (student or teacher number [PPG], (student only), and
class codes). The maximum score of each component is 100.

Table 2. GST knowledge gap design using the IPA method

2 Y
= ) 2“2
Ne] &0 L]
2 < 2 oS > g
= o = 22&\ %S
Stage of Being a Geography = 2 < S g: T E
Teacher ! *E &0 3§E =0
2 2 £ e g ° ¢
e, g e £ 900 S 9
g i 2 g% & %g
g a, < &2 E &2
° g ] g€ 0 ©° S
Q = [ = .0 U O .2

Pre-service teacher for the
first semester

Pre-service teacher mid-
term

Pre-service teacher for the
final semester

Beginner Teacher
Experienced Teacher
Importance Value between
Knowledge Groups (X)
Gap Knowledge Value
between Groups

In descriptive statistical analysis, we use tools like IBM SPSS version 24. The
average value on each component of GST knowledge and per-group of
respondents is calculated to find the gap value. The method used is Importance-
performance Analysis (IPA) adopted from student perception research on
academic services by Saggaf et al. (2017) and Zulfahri et al. (2019). The test score
is the actual performance per-group of education level, while the passing grade
value =76 is the average value that has been set (Kemendikbud, 2020). Gap values
can be entered into positive or negative categories by comparing the average
value of actual performance and the value of interests that have been reduced by
the passing grade value. The GST knowledge component's average gap value is
the x-axis, while the per-group is the y-axis. Deviation value, transformation
model, mapped in cartesian diagram through SPSS software. Matrix of four
quadrants plotted on the cartesian diagram (figure 2).
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Figure 2. Representation of Gap Analysis with Cartesian diagram.

3. Result

3.1 Geospatial Technology Knowledge Pre-service and Geography Teacher
The results of tests on GST knowledge from pre-service teachers to teachers are

described in Figure 2 Following.

Il Reasoning Ability W Implementation Ability W Conceptual Ability

I —ne———‘—‘’on - ss .08
Experienced Teacher {0 - 36.98 avg. = 50.4
i ss.24

I - o.o4
Beginner Teacher IR0  52.52 avg. = 56.18
R - ss.97

(- 6.3

Pre-service teacher final-
semester

(- s4.43 avg.=51.75
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Pre-service teacher mid-
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(.- e4.15

Pre-service teacher first-
semester

(... 7.9 avg. = 60.14
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Figure 3. GST Knowledge scores for teacher candidate and geography teacher
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The test results showed that the highest GST knowledge was achieved when pre-
service teachers were still students in the middle semester, with an average
knowledge component of 62.47. The second-highest average knowledge when
pre-service teachers sit as students in the first semester. The lowest knowledge is
achieved when pre-service teachers are students in the experienced teacher, and
the second-lowest is a student in the final semester. Based on the results of the
analysis, it can be seen that the trend of GST knowledge has declined when
becoming an experienced teacher. Based on these facts, it can be seen that the
length of time the acquisition of knowledge with the waiting time to become a
teacher has a long influence on the GST knowledge of geography teachers.
Therefore, the first hypothesis we have proposed is rejected, in the sense that the
transformation of pre-service teachers to experienced teachers is not directly
proportional to the increase in the level of GST knowledge.

3.2 GST Knowledge of Pre-service Teachers and Geography Teachers As
Pedagogical Tools In The TPACK Framework

To determine the readiness of pre-service teachers and geography teachers in
using GST as a pedagogical tool, an in-depth analysis of GST knowledge is carried
out. The analysis showed a GST knowledge gap between pre-service teachers and
geography teachers, which has been proven in the second hypothesis. The results
of the gap analysis of GST knowledge from pre-service teachers are presented as
in Table 3.

Table 3. Results of GST Knowledge analysis at the stages of becoming a geography

teacher
Stageesogt’e?;f:;g ¢ Con* Imp* Rea* Im\p/c;rlhaence Gap Con* Gap Imp* Gap Rea*
Teacher

pP* 58.38 57.9 64.15 15.86 -1.76 -2.24 4.01
p** 62.59 69.72 55.11 13.53 0.12 7.25 -7.36
prx 54.43 5443  46.39 24.25 2.68 2.68 -5.36
Beg* 55.97 5252  60.04 19.82 -0.21 -3.66 3.86
Exp* 58.24 36.98  55.98 25.6 7.84 -13.42 5.58
Importance Value 18.08 2169  19.67

Gap P* 0.46 3.59 7.82 -1.76; 0.46 2.24;3.59 4.01;7.82
Gap P** 4.67 1541 -1.22 0.12; 4.67 7.25;15.41 -7.36 ;-1.22
Gap P*** -3.49 0.12 -9.94 2.68;-3.49 2.68;0.12 -5.36;-9.94
Gap Beg* -1.95 -1.79 3.71 -0.21;-1.95 -3.66; -1.79 3.86;3.71
Gap Exp* 0.32 -17.33 -0.35 7.84,032 -13.42,;-17.33 5.58; -0.35

Note: P* (Pre-service Teacher First-semester); P** (Pre-service Teacher Mid-semester); P***
(Pre-service Teacher Final-semester); Beg* (Beginner Teacher); Exp* (Experienced
Teacher); Con* (Conceptual Ability); Imp* (Implementation Ability); Rea* (Reasoning
Ability).

Besides, it shows two characteristics of the GST knowledge gap, namely strong

and weak. A positive value indicates a substantial gap, while a negative value
indicates a weak gap on both axes. Based on the two characteristics' comparison
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results, the Pre-service Teacher in the first and final semester is the most powerful
stage of GST knowledge acquisition. This matter is showed in the dominance of
the positive gap value. However, in terms of the gap range, the Pre-service
Teacher in the mid-term semester has the highest by 7.25;15.41 on the
implementation ability. When analyzed from the gap value composition, the pre-
service teacher has a relatively balanced transformation pattern between
knowledge components in the final semester. Conversely, the negative gap with
the highest range was achieved by experienced teachers with a value of -13.42;-
17.33 in the implementation content.

Based on the type of knowledge, the conceptual ability is the most powerful
knowledge mastered by Pre-service and experienced geography teachers. This
matter is showed in the dominance of the positive gap with the highest value of
7.84;0.32. This fact further strengthens their GST knowledge capacity.

The mapping results of the GST knowledge transformation pattern based on
becoming a teacher are presented in the Cartesian diagram, as shown in the
following figure 4.

@ Conceptual Ability @ Implementation Ability @ Reasoning Ability

20.00

10.0077

-10.007]

Gap G5T Knowledge Between Stage of Geography Teacher

-20.00 T T T T

T
-15.00 -10.00 -5.00 .00 5.00 10.00

Gap GST Knowledge Between Components

Figure 4. The pattern of GST knowledge transformation on Pre-service and
Geography Teachers

Based on the three components of GST knowledge, each has a different model and

dynamic. Furthermore, based on the Cartesian diagram, the mastery of
conceptual knowledge is spread in all quadrants. This matter means that

©2020 The authors and IJLTER.ORG. All rights reserved.



69

geography teachers (7.84;0.32) have a strong mastery level with a positive gap
value. The lowest gap was found in the Pre-service Teacher for the first semester
with a comparative value of -1.76;0.46.

GST knowledge of implementation ability has dynamic patterns and
transformations. This ability is divided into two quadrants, including I and III.
This matter shows that the implementation of knowledge is strong and weak. GST
knowledge with strong implementation skills occurs among students in the
middle semester, and it is weak experienced teachers (table 4). Based on this
pattern, it is seen that the implementation ability trend tends to decrease from Pre-
service to experienced geography teachers (figure 3).

Table 4. Cartesian diagram legend (figure 4)

Gap Con*  Gap Imp* Gap Rea*
Label(Quadrant)

Gap P* 1(1V) 6(1) 11(1)
GapP**  2(I) 7(1) 12(11)
Gap P***  3(ll) 8(1) 13(11)
Gap Beg*  4(lll) (i) 14(1)
Gap Exp*  5(11) 10311 15(11)

Note: P* (Pre-service Teacher First-semester); P** (Pre-service Teacher Mid-semester); P***
(Pre-service Teacher Final-semester); Beg* (Beginner Teacher); Exp* (Experienced
Teacher); Con* (Conceptual Ability); Imp* (Implementation Ability); Rea* (Reasoning
Ability).

GST knowledge of reasoning ability is divided into two quadrants, including I
and III. Quadrant I reflects strong reasoning ability, and Il is weak. This condition
shows that the reasoning capacity at each stage has a different capacity. This gap
is not as large as the implementation ability and even tends to be accommodating
since it covers the design and conceptual ability.

The GST knowledge transformation pattern in Pre-service and experienced
geography teachers has not occurred continuously based on the results. The high
implementation ability gap showed that this is still a major obstacle for both
teachers (beginner and experienced) when using technology as a pedagogical tool.
This matter is certainly a challenge for universities and geography teachers in
Indonesia, especially in utilizing GST as a pedagogical tool.

The high knowledge gap in implementation ability shows that it is still an obstacle
for Pre-service and experienced geography teachers in using GST. This matter is
in line with research findings (Boehm et al., 2018; Hong & Stonier, 2015; Kerski et
al., 2013; Langran, 2016). Its application complexity is still a major obstacle to Pre-
service and experienced geography teachers. The absence of a curriculum
structure that examines the use of GST as an educational tool means that the
knowledge of the Pre-service teachers does not develop sustainably. This matter
means that the GST learned is still limited to meeting the needs of the subject.
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The challenge for geography teachers at schools includes implementing a tight
study schedule and the high burden and assignment and administrative matters.
The implementation of GST requires a planning process with sufficient time. The
tight schedule is the main obstacle for GST when implemented in the classroom
by the teacher.

4. Discussion

The implementation of GST skills that were not optimal in the TPACK framework
is due to the course's unsustainability, which specifically teaches students' skills
regarding GST use. Furthermore, Pre-service teachers need to understand this
technology on a cognitive level and use it theoretically as a basis for reflection.
This knowledge is still fundamental and should be trained in different
implementations as a pedagogical tool. This activity certainly has positive effects
and experience for Pre-service geography teachers. To create a learning
experience with sustainable GST, Baker, et al. (2015) recommended four
components as a pedagogic tool such as (1) examining the relationship between
GST and geospatial thinking; (2) learning GST; (3) curriculum and student
learning through GST; and (4) professional development of educators with GST.
Based on the statement, Pre-service and experienced geography teachers have the
knowledge, experience, and ability to use GST in an integrated way. Also, Rubino-
Hare et al. (2016) emphasize that the use of GST as a pedagogical tool takes 1 to 2
years in continuous learning. Therefore, Pre-service and experienced geography
teachers focus on learning about GST and how to teach it (Donert et al., 2016;
Zwartjes & de Lazaro y Torres, 2019).

As Curtis (2019) stated, geography teachers should know the relationship
between geospatial thinking skills and GST before using it as an educational tool.
Geospatial thinking that uses location as a basis for thinking has important
meaning for the Pre-service and experienced geography teachers in generalizing
the relationship between spatial components and decision making. Based on the
Verma & Estaville (2018), students that learn geospatial technology have better-
thinking abilities. Geospatial thinking with the basis of reasoning processes,
spatial conceptualization, and representation tools, is a set of cognitive skills with
some knowledge form and operators used to change one's way of thinking and to
act towards the phenomenon in the Earth's surface through problem-solving
(Garcia de la Vega, 2019).

Second, in the context of the learning experience, it can be reported that this ability
is an important element in the implementation of GST as an educational tool. GST
applications' complexity is a major challenge for Pre-service and experienced
geography teachers (Boehm et al., 2018; Kerski et al., 2013; Langran, 2016). This
matter can be overcome when GST is consistently used as a pedagogical tool
(Clarke, 2013; Kim, 2011; Kouziokas, 2015).

Third, the learning experience with GST has not been supported in the
curriculum. Previous results showed that the Educational Personnel Education
Institution [LPTK] curriculum has a GST course weight of 7-14% of the total
courses presented. This matter is still limited to basic GST courses, such as remote
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sensing, Geographic Information Systems, thematic cartography, and
photogrammetry integrated with Global positions system (GPS). No GST course
development covers its ability to be implemented, and it certainly becomes an
obstacle for Pre-service and experienced geography teachers since they lack
authentic experience. Fourth, as uniqueness in geography learning, it should
make a distinction between geography and other fields of study integrated with
spatial approaches. This ability needs to be strongly mastered by experienced or
professional teachers. However, it is inversely proportional. This matter is
because of weak implementation skills in using GST for changes orientation in
geography learning. Students' impact is strong with conceptual understanding
because the teacher has a reinforced mastery concept, and it ultimately causes
geography to lose its uniqueness in learning.

Pre-service teachers' lack of experience in using GST as a pedagogical tool harms
geography learning. The wide gap in the ability to implement the concept shows
three different strengths. Due to the transformation process, the three GST
knowledge is not well integrated into Pre-service or experienced geography
teachers. This weakness makes GST ineffective towards learning geography.
According to, direct involvement in implementing GST as a pedagogical tool
provides meaningful learning experiences. Furthermore, Kang & Keinonen (2017)
and Masters (2013) reported that direct learning experiences could remember 90%
of the material being studied. Therefore, it has an impact on memory.

The lack of GST knowledge on the implementation ability is the main obstacle for
Pre-service and experienced geography teachers in using GST as a pedagogic tool
with the TPACK framework. This matter can cause a non-optimal correlation
between technology, pedagogy, and content knowledge. The integration of
technology in the learning context needs mastery ability in its implementation. As
a pedagogical tool, Pre-service and experienced geography teachers need to
understand how GST works in an integrated way to solve problems, ways of
thinking, and decision-making process.

Second, it needs to be technically supported by the ability to integrate technology
with content knowledge. Understanding this material is important in terms of the
thinking logic taught to students and GST methods' accuracy. A lack of content
knowledge means that students do not develop their thinking logic due to limited
knowledge (Pamuk, 2012). Furthermore, Rubino-Hare et al. (2016), developing
thinking skills, need to be supported with strong knowledge, which occurs when
Pre-service and experienced geography teachers can ultimately connect one
concept to produce new knowledge.

For the GST to function as an educational tool, the teachers need to have a good
knowledge understanding of the GST in terms of implementation, design, and
reasoning. Besides, Langran (2016), it has been argued that its solid knowledge is
important since it stimulates the thinking capacity of users. Strong GST
knowledge can be achieved by placing it as a pedagogical tool in geography
learning.
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6. Conclusions

In this study, GST knowledge for prospective teachers to experienced geography
teachers was obtained from the test results. There are three components of GST
presented, including conceptual, implementation, and reasoning. To uncover the
GST knowledge gap between education levels, the importance-performance
analysis (IPA) method is used based on the average test result score of each level
of education and each component of GST as the actual value. Meanwhile, the
passing-grade value is set at 76 as a requirement of professional teachers. The GST
knowledge gap value is plotted into a cartesian diagram divided into four
quadrants. Results show that GST knowledge for pre-service teachers and
experienced teachers is not strongly categorized because there is a negative gap
value. The implementation ability of experienced geography teachers should be
widely practiced to strengthen pre-service reasoning further weakened in the
semester’s final stages. The inconsistency of GST knowledge from pre-service
teachers to experienced geography teachers is due to the inconsistency of
understanding GST knowledge.

7. Recommendations

The findings of the problems revealed in this study need evaluation. Our
recommendations for solutions address the unconscionable understanding of
GST knowledge. First, the TPACK framework needs to be integrated into
geography learning practices. This matter is to achieve the goal of gaining a strong
and consistent mastery of GST knowledge. Second, it is necessary to change the
paradigm of geography learning from GST to learning with GST through
strengthening the curriculum.

8. Limitations

This study's limitation is that surveys are not conducted continuously, focusing
on one generation ranging from prospective teachers to experienced teachers. This
research is still limited to the invisible implications of GST knowledge that could
increase geospatial technology as a learning tool such as google earth, map, or
Web-GIS applications in the future. Of course, research needs to be done in the
future to see the implications of GST mastery on the use of world ball applications.
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