What processes underlie the relation between problem solving ability and logical thinking ability?
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Abstract: Education is primarily aimed at forming individuals to be able to think and solve problems well. There are various general process in problem solving. One of these process is logical thinking. This underlies that problem solving ability and logical thinking ability is important to developed students can solve problems both in mathematical problems and everyday problems. Therefore, this study discussed problem solving ability and logical thinking ability and their relationship. Based on the results of this discussion, it was found that the ability problem solving ability has a relationship with logical thinking ability when viewed from indicators and process of thinking. In other words, we can use instruments that measure logical thinking ability to measure problem solving ability.


1.  Introduction
Mathematics is a basic science that is developing rapidly both in terms of material and in its use. In addition, mathematics as one of the subjects in schools is considered to play an important role in shaping students to be qualified in thinking to study something logically and systematically. Therefore, learning mathematics in each education unit is expected to be able to foster students' abilities and skills so that they are capable to face various mathematical problems and daily life problems. These abilities are listed in the general objectives of learning mathematics in NCTM [1], namely: 1) problem solving skills; 2) the ability to argue; 3) communication skills; 4) the ability to make connections; and 5) the ability to represent.
Based on the general objectives of learning mathematics by NCTM, it is stated that one of the abilities that students must have is problem solving ability. NCTM [1] also added that problem solving is one of the main focuses on learning mathematics. Hence we need special attention so that students' problem-solving abilities always increase. This problem-solving ability by Robert L. Solso [2] is defined as the ability to think focus and directly to find solutions or a specific problem solutions.
Besides problem solving ability, another ability that needs to be developed is the ability to think logically. The ability to think logically is one aspect of higher order thinking [3]. This ability are required by every individual in an educational environment [4]. The importance of the ability to think logically because these thinking skills include thinking activities based on the knowledge that we build, about what we know and about how to draw conclusions that are done deductively and inductively [5]. Therefore, providing the ability to think in mathematics is very important and needed by students because basically mathematics trains humans to think logically and with mathematics other sciences can develop quickly [6].
Suriasumantri [7] proposed that one of the abilities that is narrowly related to solving mathematical problems is the ability to think logically, which is the ability to find a truth based on certain rules, patterns or logic. Meanwhile problem solving is the cornerstone of school mathematics. For that reason, it is clear that logical thinking ability and problem solving ability are closely related.
In addition, this research will describe how the relationship between logical thinking ability and problem-solving ability is based on their respective characteristics.

1. Results and Discussion
1. Logical Thinking Ability 
Logical thinking ability or think rationally is a thinking ability that needs to be developed to optimize left brain development [4]. Logical thinking can also be a way of finding truth in knowledge. This is supported by the opinion of Akhsanul [8] which states that logical thinking ability is the main factor in building a concept and it may be acquired through a series of learning activities. Logical thinking can also be used by individuals when they face with certain problems. Piaget [9] states that logical thinking as mental operations used by individuals when they encounter specific problem.
Several researchers have defined the meaning of the logical thinking ability. One of them is Albrecht [10] states that logical thinking is simply the use of one brunch of statements to support another brunch of statements. Meanwhile, according to Garner [5] who states that logical thinking is to think of the basic knowledge, what we know, and certainly what we can prove. Furthermore, it is also said that to develop logical thinking skills, it is necessary to understand several concepts, they are propositions, premises, arguments, and conclusions. Thus, in mathematics the process of being able to think logically to obtain the correct truth or the process of drawing conclusions is done in a rational way or think inductively and deductively.
Deductive thinking according to Ayalon and Even [11] is unique in that it is the process of inferring conclusion from known information (premise) based on formal logic rules, where conclusions are necessarily derived from the given information and there is no need to validate them by experiments. Meanwhile, inductive thinking is the opposite, to be exact the process of drawing general conclusions from specific things. As Barwise & Etchemendy [12] stated that in science, induction refers to drawing conclusions based on a number of experiments of a specific nature. Furthermore, Albrecht [10] suggests logical steps in solving problems, among others, (1) stepping, solving problems in simple stages, dividing them, then drawing simple if-then conclusions; (2) picturing, drawing sketches, diagrams, or illustrations; (3) rephrasing, stating the problem in a different way so that it is easy to understand; (4) fencing, simplifying conclusions and eliminating irrelevant possibilities; (5) itemizing, listing all known options, possibilities, and setting situations; (6) chaining, arranging a variety of known approach options that look feasible; (7) jumping the track, stopping to reconsider the whole series of problem solving, starting again with a different approach or point of view.
Based on the opinion of the experts, it can be concluded that the logical thinking ability is an activity that aims to find solutions to problems through the investigation of a fact or phenomenon coherently and to make hypotheses or conjectures to reach a conclusion. Some indicators according to some experts will be presented in the following table.

Table 1. Indicator of the logical thinking ability according to the experts
	Author
	Year
	Indicator

	Sumarmo
	2010
	a. Draw analogies, generalizations, and construct conjectures.
b. Draw logically based on inference rules, check the validity of the argument and construct valid arguments.
c. Arrange direct, indirect, and mathematical induction proofs.

	Damirel
	2013
	a. Use numbers effectively
b. Provide scientific solutions to problems
c. Detect the separation between the concepts.
d. Classify.
e. Generalize.
f. Represent a math formula.
g. Compute.
h. Provide hypothesis, testing, and simulation. 

	Saragih
	2012
	a. Understand the meaning. 
b. Apply. 
c. Analyze.  
d. Evaluate.



Based on the opinions of the experts regarding the indicators of logical thinking ability, it can be concluded that the indicators of logical thinking ability are as follows.

Table 2. Indicator of the logical thinking ability
	Steps on how to think logically 
	Indicator

	[bookmark: _Hlk48631274]Stepping
	a. Classify simple steps
b. Draw a simple if-then conclusion

	Picturing
	a. Describe the sketches and diagrams
b. Write down the illustrations. 

	Rephrasing
	a. Categorize problems so that they become easy to understand.

	Fencing
	a. Simplify the conclusions. 
b. Discard the irrelevant possibilities.

	Itemizing
	a. List all the possible approach options.
b. Write down all the possibilities.

	Chaining
	a. Arrange various options in the form of logical chain.
b. Apply the appropriate approach. 

	Jumping the track
	a. Reconsider selected steps.
b. Evaluate problem solving with different approaches.



1. Problem Solving Ability
Problem solving ability are important skills for students to develop. This is in line with the statement proposed by Branca [13], that problem solving ability is very important because (a) problem solving is the general goal of teaching mathematics, (b) problem solving which includes methods, procedures and strategies is a core and main process in the mathematics curriculum, and (c) problem solving is a basic skill in learning mathematics. In agreement with this, NCTM [1] also states that problem solving is an integral part of learning mathematics, so it cannot be separated from learning mathematics. In addition, Pimta, Tayruakham, and Nuangchalerm [14] stated that mathematical problem is a tool used as not only to help students develop their thinking abilities, but it also helps them to develop their basic skills of solving the problem in daily life.
Krulik and Rudnick [15] state that problem solving is the means by which an individual uses previously acquired knowledge, skills, and understanding to satisfy the demands of an unfamiliar situation. In line with Krulik and Rudnick, Barmby et al. [16] argued that problem solving is the activity called into play when there is a demand to apply knowledge, skills, and experience to unfamiliar situations. Unfamiliar situations or unfamiliar problems are situations or problems that have never been encountered by students and require more ability to solve them. This statement is based on the opinion of Stanic and Kpatrick [2] that non-routine problem solving in characterized as a higher level skill to be acquired after skill at solving routine problems (which, in turn, is to be acquired after students learns basic mathematical concept and skill). Then Van de Walle [9] adds that these non-routine problems are not routine problems that are usually given in learning, but non-routine problems that students do not yet know about the solving procedure and require high-level skills that are attained by students after having an understanding of concepts and basic math skills. Furthermore, Polya [17] states that there are steps to solve the problem, they are, (1) understanding the problem; (2) planning problems; (3) carry out the plan; (4) recheck.
In referring to the experts’ opinions, it can be concluded that problem solving ability is the ability of students to solve problems that are not routine by using previous experience (knowledge) and settlement steps. Some indicators according to some experts will be presented in the following table.



Table 3. Indicator of problem solving ability according to experts
	Author
	Year
	Indicator

	NCTM
	2000
	d. Identify the elements that are known, in question, and the adequacy of the elements needed.
e. Formulate mathematical problems to compile mathematical models.
f. Implement strategies to solve various problems (same types and new problems) in or outside mathematics.
g. Explain or interpret the results according to the original problem.
h. Use math meaningfully.

	Lestari & Yudhanegara
	2015
	i. Identify known elements, questions, and adequacy of information.
j. Formulate mathematical problems or compile mathematical models.
k. Implement strategies to solve problems.
l. Enlighten or interpret the results of solving the problem.

	Wardhani
	2010
	e. Demonstrate the problem understanding.
f. Organize data and select relevant information in problem solving.
g. Present problems mathematically in various forms.
h. Choose the right problem-solving approach and method.
i. Develop problem solving strategies.
j. Create and interpret a mathematical model of a problem.



Based on the opinions of the experts regarding the indicators of problem solving abilities, it can be concluded that the indicators of problem solving abilitiy are as follows.

Table 4. Indicator of problem solving ability 
	[bookmark: _Hlk48632890]Problem solving steps
	Indicator

	Understand the problems
	a. Identify what is known.
b. Identify what to ask.
c. Identify the elements of the necessary elements.

	Plan the problems 
	a. Model the problem.
b. Write down the formulas and methods to be used.
c. Formulate the steps that will be used.

	Carry out the plan 
	a. Implement plans and strategies that have been drawn up to solve problems.

	Check again
	a. Review the answers that have been obtained using other settlement strategies.
b. Conclude the completion of the process that has been carried out.


1. Relationship of Logical Thinking Ability and Problem Solving Ability
Based on the previous description regarding logical thinking skills and problem solving abilities, it can be concluded that there is a relationship between logical thinking skills and problem solving abilities. This can be seen from the relationship between the indicators of each capability. This relationship can be seen in the following chart.
Chart 1. Relationship of Logical Thinking Ability and Problem Solving AbilityIndicator of 
problem solving ability
Indicator of 
logical thinking ability



























1. Conclusion
Based on the several literatures which have been reviewed by researchers, it can be summed up that the ability to think logically has a close relationship with problem solving abilities. This is supported by the opinion of Sinnot in Pezzuti et al. [18] that with the use of logical thinking, one can understand reality and make inferences to solve day-to-day problems when they tend to be ambiguous. 
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