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Abstract

Factors of Critical Spatial Thinking for a geography metacognition assessment are a moot point
among experts and practitioners. This study aims to develop an understanding about such factors
by using a structural equation model to generate a comprehensive and accurate assessment
instrument for metacognition in geography. The study is a research and development project for a
Thesis. The current research involves 595 participants, consisting of experts and practitioners from
eight representative Senior High Schools in Indonesia. The study occurred between August 2017 and
February 2019. The results from a confirmatory factor analysis generated 15 indicators for three
dimensions of critical spatial thinking. The three dimensions are concept comprehension, concept
application, and creativity in producing ideas; and they are used to generate an assessment for
metacognition in geography. The indicators involve concept application, location, distance,
approach, equation, disaster mitigation, concept map, interaction, map instrument, aura, region,
hierarchy, pattern, spatial association, and inquiry. The factors were assessed by nine experts and
obtained 0.85 on the Aiken validity index. A chi-square of 330.47, df = 20, p-value = 0.000, and Root
Mean Square Error of Approximation = 0.071, t = 4.78, and GFl = 1.26 in the significance level of 5%, ~
proves the items fulfil both the analysis and construct dimensions, and also have a significant
influence on the dimensions and factors of metacognition.

Keywords 1
Spatial Critical Thinking, Geography Education, Assessment, Metacognition .

— B
= 7
g~ . 4
-
e *
o - p— - -

To cite this article: Nursa'ban, M., Kumaidi, K. & Mukminan, M.(2020). Factors of Critical Spatial Thinking for a Geography
Metacognition Assessment in Indonesian Senior High Schools. Review of International Geographical Education (RIGEO), 10(2).
186-204. Retrieved from http://www.rigeo.org/vol10no2/Number2Spring/RIGEO-V10-N2-9.pdf doi: 10.33403/rige0.686050

Submitted: 24.10.2019 e Revised: 9.02.2020 e Accepted: 17.03.2020



http://www.rigeo.org/vol10no2/Number2Spring/RIGEO-V10-N2-9.pdf
mailto:jongwonlee@ewha.ac.kr@ewha.ac.kr
mailto:jongwonlee@ewha.ac.kr@ewha.ac.kr
http://www.rigeo.org/

Geography is an important subject in Indonesian Senior High School’s (SHS).
SHS is a formal level of secondary education for 15-18 years old students. The
curriculum for geographic competencies taught at the Middle School level is
essentially the study of critical spatial thinking, which occurs as a holistic
approach to learning by developing understanding and skills about spatial
representation. Critical spatial thinking is a way of interpreting geographical
phenomena, expressed in writing and more abstract forms, to describe the
dynamics of integrafion and interdependence of the spatial environment.
Various concepts of spatial thinking provide boundaries which intersect with
representations of critical spatial thinking in geographic curricula (Lee &
Bednarzd, 2012; Jo & Bednarz, 2010; Gersmehl & Gersmehl, 2007; Bednarz &
Bednarz, 2008; Golledge et al., 2008; Goodchild & Janelle, 2010). Critical thinking
is a form of multiple intelligence and requires many types of information to make
decisions (Branch, 2014; Gold et al., 2018; Bednarz et al., 2013; Uttal et al., 2012,
2013, & Gardner, 2006). Branch (2014) added that ‘spatial thinking' is a critical
thought process that should be owned by many stakeholders in education such
as teachers.

The Indonesian geography curriculum aims to equip learners with the ability to
discover and understand the spatial phenomena of earth. The competencies of
geographical learning are formulated from the perspective of understanding the
relationship and interactions between human and environmental systems.
Hanifah et.al. (2019) states that a geographical perspective of the physical
environment and society is viewed from the lenses of spatial integration and
spatial inferdependences. However, students are frequently worried about their
levels of geographical awareness (Swasono, 2014; Prasetyo, 2013). Students
mostly lack knowledge about the Indonesian identities and spaces such as state
boundaries, or the names of big cities and mountains. Such a situation implicitly
indicates that the students’ repertoire of thinking skills in geography are still poor
since they do not think critically. To overcome this problem, approaching the
spatially focused critical thinking skills through an analysis of similarities and
differences between people, places and environments can enrich student
knowledge and understanding. In so doing, it can also lead to the development
of understanding about past processes to illuminate the present and to think
about the future. Such an achievement in geographical learning may foster the
development of spatial thinking and critical thinking skills. Kozikoglu (2019) states
that critical thinking has a relationship with metacognitive skills, problem solving
skills, and perceptions of academic self-efficacy.

The analysis focuses on the spatial thinking aspects of the geography
standards from the National Research Council (2006) in the United State of
America; specifically, from essential Element | about how to analyze the spatial
organization of people, places, and environments across Earth's surface. Spatial
thinking represents the ability to fransform knowledge by manipulating,
reconstructing, and navigating physical objects to achieve academic and
infellectual success (Gold et.al, 2018; Newcombe & Shipley, 2015; Utall &
Newcombe, 2013). Geographical thinking extrapolates beyond spatial thinking
to include recognition and elaboration of the relationship that exists between
spatial concepts, and about the relationship between theory and generalization.
Bonnet (2008) clarifies the meaning of spatial analysis in the field of geography
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to be when phenomena are represented by the physiographic conditions of
landscapes and human activities by emphasizing the existence of integrated
spatial interconnections. In alignment with this view, Creswell (2006) states that
spatial construction in geography does not eliminate the instilled values and
meaning. Furthermore, geography examines the organization of location and
space for human activity on Earth (Lambert & Morgan, 2010). Also, spatial and
ecological perspectives are key perspectives for understanding and studying
geography (Heffron, 2012). In support of such ideas from the experts, Jo &
Bednarz (2014) suggest that the integration of spatial thinking skills in to the
teaching and learning of geography will assist the students to achieve the
learning objectives of the course.

Therefore, learning about geography will exemplify and develop an
understanding about changes occurring in the natural and human environment,
especially through the idea of development that is applied to a country or
region. Such an opinion can be reduced to a general understanding that
geography examines how social and physical phenomenon interact with one
another. Consequently, it can be determined that the development of spatial
thinking skills and critical thinking skills are core-business for study of geography.
Moreover, the preliminary results from the current research show the most difficult
problem faced by teachers is to develop a set of assessment items in geography
which are based on spatial thinking capabilities. Nursa'ban et al (2012) have
similar results to explain that the difficulty is indicated by 41% of geography
teachers who rarely use spatial thinking components in their assessment tasks,
and 16% of geography teachers who never use spatial thinking components to
measure levels of student achievement in geography at the beginning of SHS.
Teachers found it difficult to understand how spatial thinking skills and critical
thinking skills are integrated into the teaching and learning of geography. Such
a condition contradicts with competency standards in the learning outcomes of
the geography curriculum where the study of geography should foster the
development of academic ability in learners, such as through gaining
knowledge and skills to demonstrate spatial thinking and critical thinking about
ways in which to overcome the problems occurring within and between physical
and social environments.

Goodchild and Janelle's (2010) study illustrates the concepts of critical spatial
thinking as being reflective, skeptical, or analytic. The implication is that
successful application of spatial perspectives can never be memorized, it will
always involve the minds of learners through active questioning and examination
of assumptions, techniques, and data. Miller & Goodchild (2014) emphasize that
crifical spatial thinking involves a deeper level of understanding about spatial
concepts. To support this, Kim and Bednarz (2013) explain that critical spatial
thinking is a constructive combination of critical thinking and spatial thinking. The
second conception has been discussed by many researchers from various
perspectives. The geographical context is explained by Sinton (2017) who
suggests that critical spatial thinking combines spatial concepts with
geographical principles to guide and inform reasoning.

The practice of critical thinking is routinely performed in a context or situation
where an interpretation of geographical information, required the thinker to be
either the producer or consumer of such information (Metoyer & Bednarz, 2017).
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A critical spatial thinker understands problems, obtains solutions, and
communicates effectively about processes, patterns, and outcomes in
geographical contexts by applying their knowledge to scale, location, distance,
and other spatial concepts, (Sharpe & Huynh, 2015). The concept of critical
spatial thinking will be elaborated in the context of factors that are relevant to
the implementation of geographical learning, especially about assessment.

From the results of preliminary study conducted with 27 high school geography
teachers, it is claimed that the development of factors about critical spatial
thinking is needed to assess metacognition in geography. Such factors can be
used as a guide for developing a comprehensive and thorough assessment of
spatial thinking in metacognitive-oriented materials. Based on these needs, the
researchers set out to develop a construct for the assessment of metacognition
in geography through spatial thinking and critical thinking. The 2013 geography
curriculum regulates the teaching and learning of geography and promotes
critical thinking. The practical and detailed nature of curriculum implementation
becomes the teacher's responsibility, however, the understanding exhibited by
geography teachers about this matteris varied. Many geography teachers have
not yet implemented the concept of critical spatial thinking into their teaching
and learning practice. The results from this preliminary study also show that
geography teaching still focuses on conceptual and procedural knowledge.
Furthermore, geography teaching has not yet addressed factual and
metacognitive critical thinking as mandated by the geography curriculum.

Astuti (2017) has operationalized the indicators of geography skills from Heffron
and Down (2012) in the Indonesian curriculum. Skills are one of the outcomes of
the geographical teaching and learning process, in addition to critical thinking
in geography, and geographical awareness in Indonesia (MoNE, 2016). Although
it is slightly different to the aforementioned study, the current study provides an
alternative operational indicator for teaching and learning outcomes in
geography by characterizing critical geographical thinking through a spatial
approach. The implementation of these two studies can be an alternative
reference for practitioners such as teachers and students in achieving learning
objectives.

On the contrary, Anderson & Krathwohl (2001) put metacognitive knowledge
at the highest level of a thinking-taxonomy after factual, conceptual, and
procedural knowledges. Metacognitive knowledge guides learners to elaborate
their knowledge in more detailed and measurable ways. Metacognition enables
a person to have a high-level ability to solve problems. Furthermore,
metacognition is known as "knowledge and awareness about cognitive
processes - or our thought about thinking" (Matlin, 2012). This metacognitive
ability is important for the efficiency of problem solving. Aydin (2011) discusses
the relationship between geography teaching and the concept of
metacognition as an approach to the teaching and learning of geography
through the perspective of thinking activities. A constructivist approach towards
using metacognitive activities in geographical learning is recommended
although unfortunately it is not yet focused on the spatial features of geography.
Nevertheless, the results of this research show the relationship between stages of
learning and the development of geographical skills.
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The current research investigates the construct of critical spatial thinking for
metacognition in geography across SHSs where the Indonesian geography
curriculum is taught. The cognitive aspects of learning geography, as mandated
by the Curriculum, enable students to perform metacognitive critical thinking in
their studies. This construct can be practically used by school Principals and
geography teachers to evaluate the implementation of teaching and learning
in geography and how to improve its quality.

Methods

The current study resulted in the identification of factors related to critical
spatial thinking to assess metacognition in geography. This was achieved through
a sequential mixed methods design, and the research was conducted from
August 2017 to February 2019. Creswell (2011) explains the current research as a
study which employs sequential exploratory methods and utilizes Research and
Development (R and D). Cresswell & Clarck (2007) state that R and D allows for
the collection and analysis of qualitative and quantitative data so that the
research data can be analyzed using a mixed method process which is defined
as the use of “systematic study, development, and evaluation processes with an
empirical basis for the creation of instructional products, tools and new or
enhanced models that govern their development” (Borg & Gall's, 2007; Mills Et
al, 2011; Richey & Klein, 2014).

The current research modifies the Research and Development model
developed by Borg & Gall (2007) and simplified ten stages into three main stages.
The three stages include: a preliminary study, the design and development of
the model, and an interpretation of the results of the model trials. The initial
factors of assessment for critical spatial thinking as metacognition in geography
were carried out in three stages: (i) the preliminary field-testing stage; (ii) the main
field-testing stage; and (i) the operational field-testing stage. Each stage
validates and assesses the readability of each field-trial phase. The development
stages validate each factor-of-development-phase as a separate set. The
construction of instruments was obtained through the theories of critical spatial
thinking in geography. A proof of construct validity uses a second order
Confirmatory Factor Analysis (CFA) with the help of Lisrel.

The validation instrument utilizes a five-scale response with categories ranging
from 1 (very inappropriate) to 5 (very appropriate). The item validity was
determined by a recommendation from the panelist using the Aiken index
formula (1996) A valid category occurred with a score of >0.6.

_Zﬂi[r—iﬂ
"~ N(c—1)

Evidence of validity occurs with reference to the criteria of ‘goodness of fit’,
to the value of t>1.96, or the standardized loading factors > 0.3 (Igbaria et al,
1997; Hair et al, 2010). The value of the compatibility criteria for the assessment
instrument refers to namely: the Root Mean Square Error of Approximation
(RMSEA) < 0.08, Probability Chi-squares >0.05, and GFl >0.90 (Garson, 2009;
Hooper et al.,, 2008; Hair et al., 2010; and Ghozali & Fuad, 2008) Thus, the
readability of the instrument was examined for clarity around the critical spatial
thinking skills in geography for metacognitive purposes. The factors of critical
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spatial thinking on metacognition were assessed by 595 participants consisting
of experts and practitioners from eight SHSs across five regencies which represent
Senior High Schools in Indonesia.

The assessments obtained constructive inputs about theoretical strengths from
the experts and operational aspects by the practitioners. The experts examined
the feasibility of the instrument, logically and theoretically, based on their field of
expertise. Meanwhile, the practitioner’s assessment of the instrument revealed
objectivity, practicality, and the value of efficiency. There are four areas of
expertise which are considered as relevant to this research: evaluation of
learning, spatial thinking, geographical material, and geographical learning. The
experts are lecturers in the four areas of expertise with backgrounds in
geography education from six universities: Yogyakarta State University,
Semarang State University, Gadjah Mada University, Indonesian Education
University, Sebelas Maret University Surakarta, and Sanata Dharma University
Yogyakarta. The practitioners include supervisors, school principals, geography
teachers, and students (see Table 1).

Table 1
The Distribution of Research Subjects

Respondents / Subjects
Super-  School
visors principals

No Research subjects

Experts Teachers Students Total

Focus Group Discussion 4 1 2 8 15

1
2 Expert Validation 9 9
5) Preliminary Field Testing (PFT) 4 1 2 3 10
6 Main Field Testing (MFT) 4 3 3 8 70 88
7 Operational  Field Testing
(OFT) 4 3 8 16 440 471
Total 26 8 16 35 510 595

The results from assessment of the instrument were analyzed and respective
items were revised. The final product revision was carried out as part of the final
stage of obtaining a highly objective, effective, and practical review about the
critical spatial thinking factors for the assessment of metacognition in geography
across representative senior high schools.

Findings and Results

Three field trials were used to comprehensively assess the factors of critical
spatial thinking in geography for metacognition. Factor construct is based on the
results of an assessment of geography curriculum knowledge in Indonesia. The
development of questions was based on the theoretical content of knowledge
learning outcomes from the competency standards of learning in the Indonesian
geography curriculum. The Regulation of the Minister of Education and Culture
of Indonesia number 20, 21, 22, 23, and 24 of 2016 states the competency
standards for geography, and the standards mandates the acquisition of
knowledge skills (cognitive) through critical thinking about the geographical
concepts. The competency standards are aligned with the learning theories
about thinking skills from Bruner (2006) and Gardner (2006). In addition, the
aspects of knowledge are operationalized into various indicators by integrating
the perspective of spatial thinking from Jo & Bednarz (2010) and Anthamatten
(2010). Indicators and items developed in this study are aligned with the idea

191



© RIGEOQ e Review of International Geographical Education 10(2), Spring 2020

that spatial thinking underlies the intellectual structure of the geography
standards, therefore the possibility of including spatial thinking intfo the discipline
should occur (Gersmehl & Gersmehl, 2007; Jo & Bednarz, 2014).

The Focus Group Discussion (FGD) has agreed to integrate the competency
standards for geographical learning with two theories to produce factors of
critical spatial thinking for geographical metacognition. This activity assesses and
criticizes the constructs of geographical learning from the perspective of critical
spatial thinking which is constructively based on a perspective of the
participants’ expertise. The FGD as a preliminary field-testing instrument provided
the descriptions of the construct for three variables and 15 indicators as
presented in Figure 1. Three variable dimensions include concept
comprehension of learning, concept application, and creativity in producing
ideas. The development of a conceptual dimension include the following
indicators: 1) application of concepts (X1), 2) location (X2), 3) distance (X3), 4)
approach (X4), 5) equation (X5), 6) disaster mitigation (Xé), 7) concept map (X7),
8) interaction (X8), ?) map instrument (X9?), 10) aura (X10), 11) region (X11), 12)
hierarchy (X12), 13) pattern (X13), 14) spatial association (X14), and 15) inquiry
(X15).

The criteria of Aiken were used to validate the accuracy of items in assessment
instrument for critical spatial thinking in geography.

Table 2

The Content Validity of Assessment Instruments of Critical Spatial Thinking Factors
for the Geography Metacognition Assessment Based on the Score of the
Indicators Accuracy on the Variables

ltem Total Aiken Descripti item Total Aiken Descripti
score on score on
X1 39 0.83 Valid X9 41 0.89 Valid
X2 43 0.94 Valid X10 37 0.78 Valid
X3 40 0.86 Valid X11 39 0.83 Valid
X4 38 0.81 Valid X12 39 0.83 Valid
X5 39 0.83 Valid X13 39 0.83 Valid
X6 40 0.86 Valid X14 40 0.86 Valid
X7 40 0.86 Valid X15 40 0.86 Valid
X8 38 0.81 Valid
Average 0.85 Valid

Source: The primary data on the feasibility assessment

The validation results from nine experts about the accuracy of the Critical
Spatial Thinking Factors (CSTF) showed an average calculation of Aiken’s validity
ranges from 0.78 — 0.94 with an average of 0.85. This indicates that the factor has
covered specified each variable of the learning outcomes appropriately,
therefore, they are suitable for use in the assessment instrument. An overview of
the pairs of indicators for each variable based on the results of the assessment
using the Aiken criteria is shown in Table 3.
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Table 3
Preliminary Variables and Indicators of Critical Spatial Thinking for the
Geographic Metacognitive Assessment

No Variables Indicators
The level of critical understanding the concepts of geography practically in the
thinking in everyday life
understanding the showing the absolute location of a geographical objects easily
geographical determining the distance between locations of each
concepts and geographical object
perspectives of spatial  using a geographical approach to explain the characteristics of
thinking locations

identifying the similarities or differences between a certain
location and others

Understanding the theoretical mitigation efforts for natural
disasters.

designing a concept map of geographical material studied
describing inter-regional interactions based on their
advantages and disadvantages

understanding a geographical material using maps, charts,
diagrams, or other relevant media

explaining the influence of a region to others

understanding the concept of a "region”

The ability fo use the identifying the physical or social characteristics
geography concepts of aregion

and perspectives of

spatial thinking

The creativity to make  describing the geographical patterns in an area based on the
and propose ideas to characteristics of the condition

describe the describing the relationship between the height of a place and
geographical the population density

conditions of the understanding the scientific approach through an inquiry
environment. process to understand geographical problems

Sources: The primary data, analysis results on the confirmatory factor analysis

Furthermore, the validity of the product is estimated by the LISREL with use of
a Confirmatory Factor Analysis (CFA) technique. The CFA technique was
employed by considering the initial assumption that the formulated indicators
have been included in latent variables which are based on the theoretical
framework and the preliminary study.
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Chi-Square=93.09, df=76, P-value=0.0889¢,

Figure 1. Result of Confirmatory Factor Analysis using LISREL to analyze the construct

Figure 1 shows the results of Confirmatory Factor Analysis (CFA) for factors of
spatial critical thinking of the geography metacognition assessment. This means
that the construct model had been developed and would be tested to see
whether the indicators, which are grouped based on the latent variables, are
consistent with the construct. The results of the CFA are T values for each
coefficient >1.96, or the load factor >0.3, the Root Mean Square Error of
Approximation (RMSEA) = 0.021 <0.08, Probability Chi-squares = 93,09 > 0.05, and
Goodness of Fit Index (GFl) = 0.95> 0.90. Estimated reliability is (a) 0.956 = 0.7.
Based on these results, all items have fulflled the analysis and construct
dimensions. In addition, spatial critical thinking factors have been categorized as
‘fit’ models.

The results presented in Table 3 and Figure 1 show the results of the second
order CFA for the t-value and Standardized Loading Factor (SLF) for spatial
critical thinking factor on three dimension an 15 factors proved to have a
significant effect on the learning process is proven by the value of each
parameter with a value of t higher than 1.96 for a significance level of 5%. This
means that all significant factors support the construct of the SCTF for the
geography metacognition assessment model. Likewise, the yield component has
subcomponents that have a significant effect. If all factors are viewed from the
SLF value, they do not have a value <0.3. This means that all factors meet the
criteria of good construct validity. The estimated reliability of the instrument at
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the operational trial stage using the help of the SPSS for Windows program shows
that Cronbach’s Alpha for all instruments (a) 20,956 (above 0.7). Hair et al (2010:
688) states that the reliability coefficient > 0.7 is good. Therefore, based on the
construct objectives instruments, it can be said to be reliable or consistent
instruments.

Table 4
The Readability of Critical Spatial Thinking Factors In the Assessment of
Metacognition in Geography

Aiken Score
PFT MFT  OFT

No Readability Aspects

Instruction Clarity 075 0.78 0.84

Clarity of instruments for critical spatial thinking factors in 0.61 073 077

geography

Language

a. Using standard Indonesian Ber B @Y

b. Using easy statement formulation 0.72 0.71 081

c. Using clear words and phrases 0.78 0.70 0.75

Writing

a. The font shape and size Gy U6 O

b. Grammaticality and punctuation 0.67 073 0.84

c. Writing format 0.75 0.74 0.85

Thorough instrument assessment 0.72 075 0.82
Average 0.71 0.74 081

Source: The primary data, analysis results on the readability validity. Where: PFT =
Preliminary Field-testing, MFT = Main Field-testing, OFT = Operational Field-testing

Table 4 shows the Factors of critical spatial thinking to assess metacognition in
geography. Assessment occurred at each stage of the field trials and the five
content components were elaborated info nine table questions. Based on
Aiken’s formula, the readability of the critical spatial thinking factors for the
assessment of metacognition in geography were in the ‘very good' category
because they received a score of >0.61.

A summary of Aiken validation results about item accuracy is given against
each indicator. The items are derived from Aiken scores; an average overall
accuracy of 15 items towards the indicator of 0.85 occurred within the range 0.78
to 0.94 and was therefore included in the ‘valid’ category. These items can
possibly be an alternative reference for the critical spatial thinking dimension for
assessing metacognition in geography. Nevertheless, the metacognitive domain
does not show a hierarchy like Bloom's theory. Rather, cognitive abilities in
learning can be revealed through the results of a multilevel process (Anderson &
Krathwohl, 2001). The factors formulated in this study have potential to be further
developed and applied in the explanation of each basic competence for
geography. This indicates that the developed objective items have precisely
elaborated each indicator of critical spatial thinking factors for assessing
metacognition in geography.

Discussion

The more frequently a teacher can connect and incorporate aspects of
spatial thinking into the teaching and learning process for geography, the more
the likely the teacher is to be disposed towards teaching geography in a way

195



© RIGEOQ e Review of International Geographical Education 10(2), Spring 2020

that promotes the development of spatial thinking skills. In this context, the
implementation of a spatial thinking perspective into the teaching and learning
of geography in schools is not considered to be an addition to the curriculum,
instead it is considered to be “a missing link” in the interpretation of the
curriculum.

Based on the constructs presented in Table 3 and the results of a standardized
CFA, the three dimensions and 15 items are identified as factors to assess critical
spatial thinking and metacognition in geography at SHSs where the 2013
Curriculum is taught. In summary, the first variable is about critical thinking levels
in geographical learning, and it suggests a spatial thinking perspective can be
gained by students through developing a practical understanding of the
geography concepts. By emphasizing the concept of location and distance, the
students will be assisted to use geographical approaches in identifying the
similarities or differences that exist between one location and others. The first
variable leads students to think comprehensively about aregional phenomenon
by describing advantages and disadvantages of inter-regional interactions, and
by explaining the superior or hierarchical influences between a region and its
surrounding areas. The student’s spatial and critical thinking skills are indicated
by their ability to compile geographic materials and use maps, charts, diagrams.

The second variable is about the ability to apply spatial thinking perspectives
to the concepts of geography, as indicated for example by the student’s ability
to identify the physical or social characteristics of a region. The third variable is
about creativity in proposing ideas. This variable is demonstrated by student
capability in describing geographical patterns of an area based on the
characteristics of its condition. In addition, the third variable is also measured by
student ability to describe the relationship between the height of a place and
density of its population, as well as by the ability of students to understand the
stages of a scientific inquiry approach through which geographical problems are
identified. The paradigm in both variables are substantially relevant to the work
of Kerski (2015), Bednarz et al (2013), Schell et al (2013), Stoltman (2012), Dewey
(2008) and Nagel (2008) who stated that the future of teaching and learning in
geography will focus on systems-thinking, spatial thinking and critical thinking
through the use of geospatial technology to solve social and environmental
problems about sustainability. Mohan et al. (2015) added that geography is a
complex scientific discipline with a focus on characteristics, relationships, and
spatial patterns of human and natural activities. Geography teaches about
culture, geopolitics, natural systems, the use and distribution of resources, and
the mapping of spatial data to better understand the world.

Bednarz et al (2013) predicts that the geographical learning load in the 21
century will be: (1) emphasizing on a geographical perspective (spatial thinking
and ecological interactions in the world); (2) concepts as the main core of
learning (Location, Place, Interaction of Human Environment, Movement and
Region); and (3) emphasizing core skills (asking geographical questions,
obtaining geographic information, presenting and analyzing geographic
information, and developing and testing geographical generalizations). Heffron
and Downs (2012) adds that space and place are crucial dimensions of
geography so an understanding about spatial patterns and processes is very
important to appreciate how humans live on earth.
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Creswell (2006) shows that one of the most obvious absences in the spatial
approach towards the teaching and learning of geography is a sense of values
and meaning that can be embedded in mobility; thus, spatial construction is
needed. The National Research Council (2006) pioneered the idea that spatial
thinking underlies the intellectual structure of the geography standards, and in
doing so demonstrated the possibility and power of instilling spatial thinking into
a discipline. Jo and Bednarz (2014) emphasize that the teaching of geography
is actually about the teaching of spatial thinking skills.

The results from this study about the development of critical thinking skills were
interpreted as indicators fo understand, apply, and analyze factual, conceptual,
and procedural knowledges of objects in geography. Irwanto et.al (2018)
published the results of research on students’ critical thinking skills in Elementary
School Teacher of Education (PGSD) through a Process-Oriented Guided-Inquiry
Learning approach (POGIL). A critical thinking essay test (CTET) includes five
indicators to be used in the study: (i) elementary clarification; (i) a bases for
decision-making; (i) an inference; (iv) advanced clarification; and (v)
supposition and integration.

The critical thinking content is similar to the perspective of spatial thinking in
this study. The results of geographical learning on cognitive aspects are
presented as an ability to recognize the concept of space, use of representation-
tools, and use of cognitive processes. Critical thinking in this study was different
to the work of Irwanto et. al (2018). The first difference occurs in terms of critical
thinking with basic geographical competencies. The second difference occurs
in the purpose of spatial thinking activities.

Akbay et al., (2018) compiled a critical thinking component with six of the
previous seven components. Kbkdemir (2003) claims that six components are
more relevant to the 51 factors which were analyzed by a Turkish version using a
6-point Likert scale item with an internal consistency index of 0.88. The six critical
thinking components offered by Akbay et al., (2018) comprise analyticity, open-
mindedness, curiosity (inquisitiveness), systematic thoughts, self-confidence, and
truth-seeking. The six components are the same in this study where critical
thinking begins with analytical activities in the study of geographical knowledge.
The second equation is the process of Confirmatory Factor Analysis (CFA) to
reconstruct the concept of critical thinking so it becomes suitable for its purpose.
The difference between Akbay et al., (2018) research and the current study is the
description of the components and the successful compilation of factors. The
current research develops the concept of critical thinking in connection to the
learning outcomes for knowledge in the geography curriculum.

The National Research Council (2006) states that integration and infusion of
spatial thinking into the teaching and learning of geography, can help to
achieve existing curricular objectives. Spatial thinking is another lever to enable
students to achieve deeper understanding of subjects across the curriculum. This
statement explains that the purpose of integrating spatial thinking in learning is
to foster the development of skills in learners, such as: (1) developing a habit of
spatial thinking, (2) practicing spatial thinking in the context of known
information, and (3) trying to be critical as a result of engaging with spatial
thinking processes.
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The three-dimensional factors of SCTF, arising as a result of the study, are
aligned with the geography curriculum content in Indonesia. A substantial
amount of material in geography is taught through the application of spatial
representations which are formulated from the relationship between systems of
human and environmental interactions across three dimensions. The
geographical perspective on the dynamics of the physical environment and the
community environment will be seen from the spatial integration and
interdependence of space between places and scale. This perspective can be
manifested in real or abstract forms (and or representations) either visually,
verbally, mathematically, or digitally. It can also be represented in a (cognitive)
mindset.

In the current study, the geographical learning outcomes of Critical Spatial
Thinking puts spatial thinking as the main characteristic of geography, and it is
interpreted as a way equip students to gain higher levels of academic
achievement. The intellectual structure of the spatial thinking aspects of the
geography standards are implemented in the context of achieving core
competencies, as stated in the graduates’ competency standards and
geography competency standards. Geography in schools with its perspective of
spatial thinking, is not seen to be an addition to the curriculum, rather it is seen to
be “a missing link” in the way core geographical content is interpreted. Learning
outcomes change as a result of the learning process or after a new learning
experience (Sujana, 2009; Hamalik, 2013; and Winkel, 2009). From the current
study, the dimensions and factors related to the achievement of learning
outcomes in geography are in support the work of produced by Beneker and
Schee (2015). They explain that learning outcomes in geography education
throughout the world have different points of view and focus. The substance of
the SCTF factor support the work of Heffron (2012) in that the standard of
geography knowledge represents four main competencies: 1). Doing
geography: the geographic lens on the world; 2) Looking at the world in multiple
ways: geographic perspectives; 3) Knowing about the world: geographic
content knowledge; and 4) Asking and answering geographic questions about
the world: geographic skills.

Hopkin (2011) concluded that knowledge obtained from geography was able
to analyze differences and uniqueness in each of its phenomena. Hopkin (2011)
emphasized two things about geographical knowledge: that knowledge as an
important part of finding out about the world through reasoned inquiry
(otherwise known as enlightenment ideals); and the idea of knowledge as
power, which refers to the idea that people who are knowledgeable and
educated are often the same. Goodchild & Janelle (2010) explain that along
with the development of Science and Technology, the integration of
geographical knowledge into the Social Sciences and Humanities require the
development and use of critical spatial thinking skills. An important strength for
such integration is the ability to think spatially.

Various definitions from the literature suggest that geography is a scientific
discipline where spatial thinking acts as a connecting device between
phenomena of the physical environment and social dynamics. Legates (2005)
stated that a number of studies on the concentration of Social Science courses
(including geography) have used Geographic Information Systems to interpret
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spatial information in their fields of study. Gersmehl in Anthamatten (2010)
composed and proposed the concept of spatial thinking, designed for
geographical learning at all educational levels. Meanwhile, Lee and Bednarz
(2012) concluded that learning from Geographical Information Systems is more
likely to occur when lessons are explicitly designed to require students to perform
spatial tasks, that is, to use one or more components of spatial thinking. Lee and
Bednarz (2012) also added that educators are required to develop learning
designs that enable students to develop several abilities in spatial aspects.

Finally, the three dimensions are elaborated into 15 factors of critical thinking
related to geographical learning. There are three aspects of knowledge in the
curriculum for geography subjects: (1) levels of understanding, applying, and
analyzing factual, conceptual, procedural, and metacognitive knowledges
about the object of geographical study; (2) an ability to overcome problems
related to the study of geographical objects; and (3) developing creativity in
creating and proposing ideas to renew the physical environment and social
environment as resources. The three aspects of critical spatial thinking are
detailed, and they are operationalized through a set of processes related to
understanding concepts as terminology in general, understanding such
terminology in detail, presenting models of knowledge, and presenting
information that is systematically and functionally inferconnected. It describes a
series of steps to obtain measurable knowledge, awaken cognitive abilities in
solving problems, and stimulate students to overcome problems related to the
object of geographical study and finally, encourage creativity in creating and
proposing ideas to renew the condition of the surroundings. These three
indicators form the basis for developing the learning outcomes of geography
and critical spatial thinking. The critical spatial thinking perspective from Jo &
Bednarz (2010) and Gersmehl (2007) served as the indicators and operational
aspects of critical thinking

Conclusion

This study has produced factors of critical spatial thinking for a geography
metacognition test through the use of three variable dimensions: concept
comprehension, concept application, and creativity in producing ideas.
Indicators from the development of the conceptual dimension include: 1)
application of concepts, 2) location, 3) distance, 4) approach, 5) equation, 6)
disaster mitigation, 7) concept map, 8) interaction, 9) map instrument, 10 ) aura,
11) region, 12) hierarchy, 13) pattern, 14) spatial association, and 15) inquiry. The
concept application occurs through an understanding about the concept
hierarchy related to phenomena from physical or social geography based on
either physical or social aspects of an observed region. The third dimension about
creativity in producing ideas, refers to the ability to create patterns, spatial
associations, and inquiries.
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