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Abstract. This study aims to describe the mastery of HOTS of prospective physics teachers in digital electronics courses after implementing game-based learning. The type of research utilised is a quantitative descriptive study. The number of research subjects consisted of 50 students. Data were collected using a test of learning outcomes about digital circuits in the cognitive domains, C4 and C5. The data were analyzed to categorize the students' high-level thinking skills, namely very good, good, quite good, poor, and very poor. The data processed were displayed in the form of plots, diagrams and graphs. The data were also equipped with a student response questionnaire about the application of game-based learning. The results of the analysis showed that 46% of the HOTS in students were categorized in “good” category. Additionally, 28% of the HOTS in students belonged in “very good” category. Meanwhile, a small proportion of others were categorised as “quite good” and the remaining were included in the category of “less good”. The HOTS of prospective physics teachers, on the other hand, was already sufficient with an average of 70.25. Student responses were deemed in the “good” category with an average of 4.52. Therefore, it can be concluded that the mastery of HOTS in prospective physics teachers in digital electronics courses after implementing game-based learning is categorized as high. Thus, it is concluded that the mastery of HOTS in prospective physics teacher candidates in digital electronics courses can be further enhanced and trained by applying game-based learning.	Comment by Q: 1. Abstrak tidak boleh lebih dari 200 kata
Introduction
The era of Industrial Revolution 4.0 which is currently occurring requires educators to develop innovative learning [1,2]. One of the innovative learning methods promoted is the integration of technology in the learning process [3,4]. An example of innovative teaching strategies today is Game-Based Learning. Several studies have outlined the positive effects of Game-Based Learning which is eventually further improved and developed for the purpose of integrating the skills of 21st century for students [5–9]. Game-Based Learning refers to a teaching strategy which integrates the contents of a game in learning activities in order to  motivate students in gaining knowledge and skills [10]. Games in learning can provide various contexts which help students to practice various skills [6].
Illustrations of various logic circuits are indispensable for the fulfilment of the learning achievements within digital electronics courses that are studied by prospective physics teachers [11]. Sub-course learning outcomes of these courses include that prospective physics teachers must have the knowledge and skills to analyze and evaluate logical sequences, such as equations (Boolean algebra), sum of product, product of sum, and remake the series in standard form. This shows that students' higher order thinking skills are essential. Higher Order Thinking skill Skills is considered the taxonomy: analyze, evaluate, and create. This is in accordance with the demands of the 21st century which states that students must develop Higher Order Thinking Skills [12]
Therefore, a method which can improve students' Higher Order Thinking Skills is critically needed. Higher Order Thinking skil Skillsls can be thoroughly developed with the use of innovative learning [13]. Teacher skills play an important role in practicing Higher Order Thinking Skills to students [14]. One of these innovative teaching strategies is Game-Based Learning [15].  The game which is selected to be used in learning logic gates is "Make It True: Solve the Circuit.apk". This game provides several sequences in which each individual sequence gets more complicated at every level. The circuit uses various logic gates studied in digital electronics.
Previous research [11,16,17] have proven that Game-Based Learning affects, or improves student learning outcomes. Other studies have also supported on how Game-Based Learning impacts Higher Order Thinking Skills [15]. Specifically, at the prospective physics teacher cognitive level, according to the Bloom taxonomy of digital electronics, it has not been discussed, including in the realm of Higher Order Thinking Skills. Hence, this article will describe the mastery of Higher Order Thinking Skills of prospective physics teachers in digital electronics courses after the implementation of Game-Based Learning. 
Method
The type of this research is a quantitative descriptive study. The number of research subjects was 50 students. Data on Higher Order Thinking Skills were obtained from student learning outcomes tests. The learning outcomes test distributed to students consisted of C4 and C5 cognitive domains, namely in the realm of analyzing and evaluating. The learning outcomes test is based on games which the students have been playing on. In this case, students are asked to analyze the standard equation, sum of product and product of sum of a series located at a certain level in the game. Another problem illustrates how to evaluate several existing sequences at the game level which have similar standard form. Then, students are asked to create another series which also has similar standard form. Data analysis to categorize students' Higher Order Thinking Skills vary from very good, good, quite good, poor, and very poor, which can be seen in Table 1 below. The data is processed in the form of plots, diagrams or graphs. 	Comment by Q: Gambar dan table harus dipanggil dalam paragraph dan dijelaskan apa yang dimaksud dalam gambar dan table tersebut

	Table 1. Criteria for Higher Order Thinking Skills score

	Interval Score
	Criteria

	
	Very good

	
	Good

	
	Quite Good

	
	Poor

	
	Very Poor



The data are also equipped with a student response questionnaire about the application of Game-Based Learning. The responses to be assessed consist of two criteria, namely responses and reactions. The response criteria contain two indicators, namely format and relevance, while the reaction criteria have three indicators, namely attention, satisfaction and self-confidence [18]. Student responses are categorized into several categories: very good, good, quite good, poor and very poor,as displayed in the following Table 2.
	Table 2. Criteria for students responses

	Interval Score
	Criteria

	
	Very good

	
	Good

	
	Quite good

	
	Poor

	
	Very poor



Result and Discussion	Comment by Q: 1. Mohon menambahkan literature pada pembahsan anda
2. jelaskan kekurangan dari penelitian 
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Digital electronics learning is carried out using a Game-Based Learning model. Game-Based Learning refers to a learning model which integrates the contents of a game within learning activities in order to assist students in gaining knowledge and skills [10]. The game used in this lesson is "Make It True: Solve the Circuit" which has an interface display shown in Figure 1 below. This game provides several sequences where each sequence gets more complicated in every level. The circuit uses various logic gates studied in digital electronics. In this game, the player is instructed to provide the right input so that the output of the circuit can light up.
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	Figure 1 Display of the “Make It True: Solve The Circuit” Game


Through this game, prospective physics teachers can learn to analyze the logic gates utilized in the circuit. Prospective physics teacher can also determine the algebraic equation of the series, then proceed by analyzing the form of the equation to find the standard form of the equation. Additionally, prospective physics teachers can simplify the sequence if possible. The next stage is to analyze the product of sum (PoS) and sum of product (SoP) in the series. Then, in the steps of Higher Order Thinking Skills, the evaluation of several sequences that either have the same standard form, or similar simple form, is carried out. The highest level of Higher Order Thinking Skills in this game requires the player to make different sequences, but have either similar simple form with a series at a certain level, or have the same SoP and PoS.
In the end, students were given a test to measure their Higher Order Skills. However, this is only limited to the C4 and C5 cognitive domains. The test results are described descriptively in the following Table 3. The table displays the mean, mode, and median values of the student test results. As a result, the HOTS of prospective physics teacher is good with an average of 70.25.
 
	Tabel 3. Statistics Descriptive of HOTS Score

	N
	Valid
	50

	
	Missing
	0

	Mean
	70,2460

	Std. Error of Mean
	2,10133

	Median
	75,1000

	Mode
	59,00a

	Std. Deviation
	14,85862

	Variance
	220,778

	Minimum
	35,10

	Maximum
	90,60

	



Afterwards, the data were analyzed again and adjusted to the data in Table 1. The results of the analysis indicated that 46% of students had “good” Higher Order Thinking Skills. Moreover, 28% of students were categorised in the “very good” category. Meanwhile, a small proportion of others were categorized as “quite good” and “poor”. The graph of the percentage of students' Higher Order Thinking Skills can be seen in the following Figure 2.
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	Figure 2. Percentage of high-order thinking skills


Apart from the data mentioned above, it is important to explore the students’ responses to Game-Based Learning. Exploring their responses can assist teachers to evaluate the learning model carried out to improve it better for the classroom experience. The responses to be assessed consist of two criteria, namely responses and reactions. The responses criteria have two indicators: format and relevance, while the reaction criteria have three indicators: attention, satisfaction and self-confidence [18]. Table 4 illustrates the average student response to each indicator as well as the overall student response. Student response is categorized in the “very good” category with an average of 4.52.
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	Criteria
	Indicator
	Average
	Category

	Responses
	Format
	4.66
	Very Good

	
	Relevance
	4.44
	Very Good

	Reaction
	Attention
	4.5
	Very Good

	
	Satisfaction
	4.32
	Very Good

	
	Self confidence
	4.68
	Very Good

	Total
	4.52
	Very Good



The results of the Higher Order Thinking Skills test of the prospective physics teachers are categorized as “good”. This is also supported by the responses of the prospective physics teachers which are categorized as “very good”. Thus, this indicates that digital electronics learning using Game-Based Learning provides good quality in training the Higher Order Thinking Skills of prospective physics teachers. This is in accordance with previous research which also shows that Game-Based Learning is effective to be used in improving student learning outcomes [11].
Conclusion
The mastery of Higher Order Thinking Skills of prospective physics teacher in digital electronics courses can be trained by implementing Game-Based Learning. This learning model can be utilized as an alternative for innovative learning model which can nurture Higher Order Thinking Skills for prospective physics teachers. Further research and development is critical to accommodate Game-Based learning and the variants of games used in special teaching materials, such as student worksheets. This is to enhance the process of training Higher Order Thinking Skills of prospective physics teachers, which will be more optimal. 
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