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Abstract 

Spatial critical thinking factors for metacognitive geography at senior high schools are still debatable among experts and practitioners in Indonesia. This study aims at developing these factors as a comprehensive and accurate assessment tool using structural equation model. An exploratory factor analysis has generated 15 point factors in three dimensions. Logical validity to measure factor strength is assessed by 9 experts and obtains Aiken index of 0.85 indicating a very good validity and fitted item factors. A confirmatory factor analysis on operational field testing uses LISREL and invloves 595 subjects resulting in a value of chi square = 330,47 with df = 90, p-value = 0,000, RMSEA =0,071, indicating the relationship between factor constructs. Maximum measurement equations have obtained t = 4.78 which is higher than 1.96 significance level of 5%. It means that 15 point factors have significant influence on the dimensions. The dimensions of spatial critical thinking generated on geographic metacognitive tests include: 1) concept comprehension, 2) concept application, and 3) creativity of producing ideas. The core of each factor is as follows: 1) application of concepts, 2) locations, 3) distances, 4) approaches, 5) equations, 6) disaster mitigations, 7) concept maps, 8) interactions, 9) map instruments, 10 ) auras, 11) regions, 12) hierarchies, 13) patterns, 14) spatial associations, and 15) inquiries. 
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1. Introduction

Geography as one of the subjects in Senior High School aims at equipping learners with the ability to discover and understand the phenomena of spatial earth through the analysis of similarities and differences. The analysis according to [1] is addressed to the spatial thinking aspects that underlie the intellectual structure of geographic standards. [2] clarifies the meaning of spatial analysis in the field of geography in which it describes phenomena represented by physiographic conditions of landscape and human activity in it by emphasizing the existence of integrated spatial interconnections. In line with this view, [3] states that spatial construction in geography does not eliminate the values and meanings which can be instilled. In addition, [4] explains that geography examines the location and space organization for human activity on earth. [5] firmly say that two key perspectives for understanding and studying geography include a spatial and ecological perspective. Supporting the ideas of these experts, [6] explains that the integration of spatial in Geography helps achieve learning objectives. Based on these opinions, it can be summarized that the spatial thinking ability is the core for studying geography.
With regard to the background stated above, geography teachers are expected to be able to integrate spatial thinking in geography learning. Some experts have practically and explicitly arranged and proposed the concept of spatial thinking in a taxonomy for the study of geography at all levels of education. [7] developed eleven taxonomies as spatial thinking factors in geography learning. Moreover, [8] have designed thirteen factors, and [9] developed 8 taxonomies. Although the terms and number of factors vary, they have something in common for their implementation. The results of the development of these factors are widely used to measure the learning of geography at pedagogical level. [10] elaborates the spatial concepts which have been developed by [7] explicitly in the form of test used for measuring geographic ability of elementary school students. [11] formulate the factors of spatial thinking concept into a test instrument of spatial aspects ability in geography.  

The statements of the experts imply the same meaning in which spatial thinking is a benchmark of the ability to appreciate the values and meanings of geographic materials. This is in line with the rationale of geography learning stated in the 2013 national curriculum that emphasizes the causal relationship between spatial, human and environmental factors as media for geography to contribute to local until global development. The decree of the Minister of National Education number 24 of 2016 on the standard of core competence and basic competence of geography states that the competence in geography learning at high school level is formulated from the perspective of the relationship between human and environmental interaction system. The geographical perspective on the physical environment and society is viewed from spatial integration aspects and interdependence of space, both between places and scales. This perspective can be manifested in both real and representative forms, either visually, verbally, mathematically, digitally, or cognitively. The achievement of geographical learning which employs spatial thinking perspective may foster spatial thinking habit and critical thinking based on the information the learners gain. The cognitive learning of geography as mandated by the 2013 national curriculum enable students to perform metacognitive critical thinking to the object of their study [12].
Some cases encountered in the field inform that the teaching of geography still focuses on the conceptual and procedural knowledge. Also, it has not addressed the factual and metacognitive critical thinking. [13] place metacognitive at the highest level in the taxonomy after factual, conceptual and procedural knowledge. Metacognitive knowledge guides learners to elaborate knowledge in more detail and measurable. Metacognitive enables a person to have a high level ability to solve problems. [14] states that metacognitive is "knowledge and awareness about cognitive processes - or our thought about thinking". This metacognitive ability is important for the efficiency of solving problems.
The study of [15] and [16] reveals the fact that the geographical awareness of the youth is still worrying. They mostly lack of national identity spaces such as state boundaries, the names of big cities and mountains in Indonesia. It implicitly indicates that geography learning is still poor since it doesn’t not yet enable students to think critically. Moreover, the results of our preliminary research [17] show that the most difficult aspect for teachers is to develop an assessment of geographic learning outcomes on the spatial thinking perspective. The difficulty is indicated by at least an average of 41% of geography teachers’ that rarely use spatial thinking components and an average of 16% for measuring learning achievement in grade X. Teachers found difficulties in understanding critical thinking spatial thinking which is integrated in the learning of geography. This condition contradicts with the requirement of the national curriculum of 2013 in which the learning of geography should foster learners to have academic ability such as knowledge (cognitive) and skills for performing critical thinking of spatial metacognitive in overcoming the problems dealing with physical and social environment as well as interaction as objects of geographical study.
Teachers claim that the development of dimensions or critical metacognitive spatial thinking factors in geographic materials is needed. These factors can be used as a guide to limit the learning materials, as well as media for performing comprehensive and thorough assessment of spatial thinking of metacognitive materials. Based on these needs, the researcher develops a construct for the assessment of critical spatial thinking of metacognitive geography in high schools based on the national curriculum of 2013. This construct can be practically used by school principals and geography teachers to evaluate the implementation of geography learning to improve its quality.
2. Methods

The products of assessment factors construct of metacognitive critical thinking are developed by employing a Research and Development (R and D) method.
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Figure 1. Research and Development Models 
The use of this method refers to [18] stating that "... The purpose of R & D is not to formulate or test theory but to develop effective products for use in schools”. In addition, [19] explains that R and D ... is the systematic study, development, and evaluation processes with the empirical basis for the creation of instructional products and tools and new or enhanced models that govern their development. Also, [20] emphasize that the products produced in the field of education include models and evaluation tools.
The development stage adapts the model of [21] which consists of 10 stages, but they are simplified into three stages of research. The stages are also in line with [22] in that they consist of introduction, model development, and model feasibility.
The preliminary studies include literature study and preliminary research as presented at the introduction section. The explanation of the introduction describes that it is necessary to develop constructs of factors for the assessment of critical thinking in metacognitive spatial of geography learning, as a comprehensive and accurate means of assessment. This preliminary study provides description on the constructs of metacognitive spatial thinking of geography learning in three dimensions and 15 indicator points as presented in Table 1.

Table 1. Preliminary variables and indicators of critical spatial metacognitive thinking in geographical learning
	No
	Variables
	Indicators

	1 
	The level of critical thinking in understanding the concept of geography learning, spatial thinking perspective
	1. understand the concept of geography practically in everyday life

2. show the absolute location of a geographical object easily

3. determine the distance between locations of each object of geography

4. using a geographical approach to explain the characteristics of locations

5. identify the similarities or differences between a certain location and others

6. Understand the natural disaster mitigation efforts theoretically.

7. design a map of the concept of geographical material being studied

8. describe inter-regional interactions based on their advantages and disadvantages

9. understand geography material using maps, charts, diagrams or other relevant media

10. explain the influence of the superiority of a region to other

11. understand the concept of "region"

	2 
	Ability to use the concept of geography learning of spatial thinking perspective
	identify the physical or social characteristics of a region



	3 
	The creativity to make and propose ideas to update the geographical conditions in the environment.


	1. describes the geographic pattern in an area based on the characteristics of the condition

2. describe the relationship between the height of the place and the population density

3. understand the scientific approach stage through inquiry process (inquiry) to understand geography problem


The development stage validates each test phase as a separate set. The product framework trial consists of three development stages: preliminary field testing, main field testing and operational field testing.

The development stage validates and assesses the readability of each field trial phase. The product framework trial consists of three development stages namely preliminary field testing, main field testing and operational field testing.
The instrument validity is used to assess the accuracy of items toward the indicators of content validity. The validation assessment utilizes a five scale ranging from very inappropriate to very precise. Item validity is determined based on panelist recommendation using Aiken index formula [23] with valid category> 0.6. The readability of instrument is used to assess the clarity of test instruments for metacognitive critical thinking of spatial thinking in geography learning. The product is assessed by 595 subjects consisting of experts and practitioners from 8 high schools in five regencies/cities of Yogyakarta. Each test result is analyzed and revised. Final product revision is the final stage of obtaining products which have high objectivity, effectiveness, and practicality. 

The use of research and development method may provide collection of data and enable qualitative and quantitative data analysis so that research data are processed by employing a mixed method [24]. This research employs sequential mixed methods as described by [3] especially sequential exploratory strategy.
3.Results
A series of developments through three field trials to assess spatial critical thinking factors on geographic metacognitive assessment were conducted comprehensively. Summary of Aiken validation results of grain accuracy against each indicator is presented table 2. The items of the developed factors are derived from each indicator on the variables
Table 2. Content validity, spatial critical thinking factors on geographic metacognitive assessment based on grain accuracy score on indicator
	No
	Item
	score
	Aiken’s value
	Category

	1
	Item_1
	39
	0.83
	Valid

	2
	Item_2
	43
	0.94
	Valid

	3
	Item_3
	40
	0.86
	Valid

	4
	Item_4
	38
	0.81
	Valid

	5
	Item_5
	39
	0.83
	Valid

	6
	Item_6
	40
	0.86
	Valid

	7
	Item_7
	40
	0.86
	Valid

	8
	Item_8
	38
	0.81
	Valid

	9
	Item_9
	41
	0.89
	Valid

	10
	Item_10
	37
	0.78
	Valid

	11
	Item_11
	39
	0.83
	Valid

	12
	Item_12
	39
	0.83
	Valid

	13
	Item_13
	39
	0.83
	Valid

	14
	Item_14
	40
	0.86
	Valid

	15
	Item_15
	40
	0.86
	Valid

	Rata-Rata
	39.47
	0.85
	Valid


Table 2 presents the Aiken score with an average overall accuracy of 15 items towards the indicator of 0.85 within the range 0.78 to 0.94 which is included in the valid category. This indicates that the developed test items have precisely elaborated each indicator of spatial critical thinking factors on geographic metacognitive assessment
Table 3. Readability of Spatial critical thinking factors on geographic assessment
	No
	Readability aspects
	Aiken Score

	
	
	PFT
	MFT
	OFT

	1. 
	Instruction Clarity
	0.75
	0.78
	0.84

	2. 
	Coverage of learning outcomes:

a. Clarity of instruments for attitudes
	0.61
	0.71
	0.82

	
	b. Clarity of instruments for  knowledge 
	0.61
	0.73
	0.77

	
	c. Clarity of instruments for skill 
	0.67
	0.71
	0.78

	3. 
	Language:

a. Using standard Indonesian 
	0.67
	0.76
	0.79

	
	b. Using easy sstatement formulation
	0.72
	0.71
	0.81

	
	c. Using clear words and phrases
	0.78
	0.70
	0.75

	4. 
	Writing

a. The font shape and size
	0.69
	0.76
	0.82

	
	b. Grammaticality and punctuation
	0.67
	0.73
	0.84

	
	c. Writing format
	0.75
	0.74
	0.85

	5. 
	Thorough instrument assessment
	0.72
	0.75
	0.82

	Average
	0.69
	0.73
	0.81


Notes: PFT= Preliminary Field Testing, MFT = Main Field Testing, OFT = Operational filed testing

The spatial critical thinking factors component on geographic metacognitive assessment at each stage of the field trials has the same content component of the assessment. The characteristics of the assessors differ only in the number and the origin. The results of the test subjects' assessments on the five components which were elaborated into 11 questions indicated the increased average result of each test phase. Aiken categorizes the average scores in a good category because they are >0.61. Furthermore, the reliability of product development is estimated using LISREL with Confirmatory Factor Analysis (CFA) technique. This technique is used by taking into account the initial assumption that the formulated indicators have been included in latent variables based on theoretical framework and preliminary studies. This means that a construct model has been developed and will be tested to see whether the indicators that have been grouped based on latent variables are consistent in the construct or not.
Table 3 and figure 2 shows the results of CFA analysis for instrument of spatial critical thinking on geographic metacognitive assessments. They indicate that chy square = 330,47 with df = 90, p-value = 0,000, RMSEA = 0,071. Based on these results, all items have fulfilled analysis and construct dimension. Also, spatial critical thinking factors have been categorized as fit models. However, the GFI score for the main trial or limited trial still indcates 0.89 (<0.9). To prove the reliability of this product, the researchers use goodness of fit criteria that is t value> 1,96, or factors > 0.3, Probability Chi-squares> 0.05, P-Value> 0,05, RMSEA value between 0,05 and 0.08, and GFI> 0.90. According to [25], the score of Chy Square shows the suitability between dimensions and factors with the use of empirical data. The greater the Probability Chi-squares value from 0.05 is, the more identical of the empirical data with the theory /model will be. In addition, Root Mean Square Error of Approximation (RMSEA) shows that the chi square score tend to reject models at large or very small sample sizes. A good RMSEA index for accepting model ranges between 0.05 and 0.08. The degree of conformance which tell the overall good model is indicated by the Goodness of Fit Index (GFI) value> 0.90
4. Discussion
The results of the CFA analysis show that each factor item in each variable is categorized as a valid category. These items should be an alternative reference for the metacognitive spatial critical and critical thinking dimension in geography. Nevertheless, this metacognitive domain does not show a hierarchy like Bloom's theory. According to [13], cognitive abilities in learning can be revealed through the results of a multilevel process. The researchers notice that the factors formulated in this study are potential to be further developed in order to be applied in the explanation of each basic competence of geography.
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Figure 2. Results of LISREL using CFA to analyze the construct

Indicators and items developed in this study are in line with the opinions of [6] and [7] in which spatial thinking underlies the intellectual structure of geographic standards that indicate the possibility to include spatial thinking into a discipline. According to [6], The better a teacher can connect aspects of spatial thinking to learning geography, the more the teacher is likely to be disposed toward teaching geography in a way that promotes students’spatial thinking skills. In this context, the implementation of geographical learning in the spatial thinking perspective at schools is not an addition to the curriculum, but as "a missing link" in interpreting the curriculum. 

Based on the constructs presented in Table 1 and the results of CFA estimations, the products with three dimensions and 15 items are fitted to be used as assessment factors of critical spatial metacognitive thinking in geography learning at high schools which implement 2013 curriculum. In summary, the description of the first variable regarding the critical thinking levels in understanding the concept of geography learning which employs spatial thinking perspective can be transferred to the students through a practical understanding of geography concepts. Giving emphasis on the concept of location and distance help ease the students think using geographical approaches to identify similarities or differences of a particular location with other locations. This variable leads students to think comprehensively in viewing a regional phenomenon by describing inter-regional interactions on the basis of their advantages and disadvantages and explain the influence of the superiority of a region to other surrounding areas. The student’s critical thinking of spatial thinking is indicated by their ability to compile concept maps of geographic material and the ability to use maps, charts, diagrams or other relevant media.

The second variable is the ability to apply the concept of geographical learning of spatial thinking perspective which is indicated by the student’s  ability to identify the physical or social characteristics of a region. The creativity in making and proposing ideas for updating geographical conditions in the environment is demonstrated by describing geographic patterns in an area based on the characteristics of its condition and describing the relationship between the height of the place and the density of the population as well as understanding the stages of the scientific approach through the inquiry process to understand the geographical problems.
This study produces spatial critical thinking factors on geographic metacognitive assesment test in three dimensions namely concept comprehension, concept application, and creativity of producing ideas. Indicators resulted from the development of the conceptual dimension include: 1) application of concepts, 2) location, 3) distance, 4) approach, 5) equations, 6) disaster mitigation, 7) concept maps, 8) interaction between regions, 9) use of map instrument, 10) aura, and 11) region. The application of the concept is obtained through an understanding of the concept hierarchy in the form of phenomena level of physical or social geography based on the physical or social aspects of a region. The third dimension is creativity of producing ideas which is indicated with the ability to create patterns, spatial associations, and inquiries
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