Adding self-explanation when learning goal free problems could be beneficial


Abstract: Goal free problem is a strategy to present a geometrical problem by removing the final goal in order to direct students not to use a means ends analysis. The purpose of this research was to examine whether adding self-explanation instruction could improve its effectiveness with regard to students' problem-solving abilities and cognitive load. Using Geometry (the relationship among angles) as part of the national curriculum, a quasi-experimental research was employed. The post-test only group experimental design, comparing studying with self-explanation and without self-explanation, involved sixty four seven-graders from four parallel authentic classrooms in a junior high school in Central Java, Indonesia while the previous math test score was used as covariate. The covariate did not have ssignificant linierity meaning that both experimental groups were randomly assigned and had indifferent level of prior knowledge before the experiment was executed. The overall evidence indicated that with or without self-explanation, both groups of students who were given goal free problems did not have significant difference in terms of  problem-solving abilities. However, there was a significant difference on level of cognitive load. Learning goal free problems with self-explanation could be more effective because this strategy causes a lower cognitive load than those without self-explanation. This study suggests that the instruction of self-explanation might lower extraneous cognitive load and improve learning.
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INTRODUCTION
Mathematics learning is essentially characterized by problem solving activity, therefore presenting peoblem in critical when designing the instruction. Turmudi (2008) defines problem solving as a process involving a task with an unknown method of solution beforehand. Based on their knowledge and problem-solving experience, students can determine the right strategy to solve the problem. Irwansyah & Retnowati (2019) claimed that students will tend to have easier way in solving problems if they get prior knowledge. However, students who face new problems but have limited prior knowledge will find it more difficult to solve the problems. 
Ability to learn problem-solving ability differs based on prior knowledge. According to Joseph (2011), students' difficulties in solving mathematics problems are caused by the lack of problem understanding, the lack of knowledge of problem-solving strategies, and an inability to translate problems into mathematical form and to use mathematics correctly. Knowledge base assists students to understand given information and context in problem solving. 
Polya (1973) mentions that there are four steps in solving problems, namely understanding the problem, planning for problem solving, solving problems as planned, re-examining the procedure and the results of the solution. In performing the problem solution,  students are required to solve problems based on the plans made using their background knowledge. Goal free problems facilitate students to relate one variable to another as a whole (Sweller et al., 2011). By doing so, students will determine more unknown variables because with goal free problems, students can learn thoroughly. Polya suggested that solving problem should be followed by checking the resulted solution steps. When self-explanation task is given, students might try to elaborate their problem solving and hence understand the material better and meaningfully. 
Cognitive load theory (CLT) is a learning concept that focuses on the student's ability to think. CLT is an example of learning based on human cognitive architecture knowledge. The three components of memory that correspond to the human cognitive architecture are sensory memory, working memory, and long-term memory (Sweller, Ayres, & Kalyuga, 2011). Human cognitive processes will occur consciously in working memory. Human working memory has a finite capacity and duration (Sweller et al., 2011). Therefore, material should be provided in stages so that the information process is not overburdened.
Sweller et al. (2011) stated working memory is affected by three important factors i.e., intrinsic cognitive load, external cognitive load, and germane cognitive load. The amount of difficulty of the topic determines the intrinsic cognitive load, so the presentation must be provided effectively. Meanwhile, the presentation of the learning material to be studied determines the extraneous cognitive load (Sweller, 2010).
Poor material presentation, non-constructive material delivery, as well as uninteresting and complicated learning media will eventually make it difficult for students to learn. Extraneous cognitive load can be reduced by materials that are well-designed, organized, and presented, and messages which are delivered in an instructional manner. Meanwhile, when both intrinsic and external cognitive load are adequately managed, relevant cognitive load appears (Sweller et al., 2011). It happens because students' ability to comprehend and construct new content is linked to their cognitive load. Thus, it is preferable to decrease extraneous cognitive load in learning activity (Sweller, 2010).
Goal free problems is one of strategies for reducing extraneous cognitive load. According to Ayres (1993), goal-free problems are useful for enhancing students' problem-solving ability. This strategy is applied by replacing problems with particular aims with problems with no specific goals. This enables novice learners to solve problems with fewer means-ends analysis strategies. For example, in geometry material, the issue offered with a specified aim (goal given problems) is in the form of the question "find the value of x," where x signifies the angle. Students do not merely identify the value of x when this question is used with goal-free problems. Students, on the other hand, calculate the entire size of the unknown angle. The question then becomes "determine all the sizes of the unknown angles."
Students learn to acquire and improve knowledge with known information by using goal-free problems, and they can think logically about the problems offered. Students are also not focused on putting the mathematical principles that they are learning into practice. Furthermore, students are accustomed to solve issues by working forward. They will become accustomed to working forward even if the presentation does not use goal free problems. Working forward strategy can assist students in acquiring more material while also reducing cognitive burden. This strategy is the polar opposite of the mean-ends analysis strategy. Students can also increase their problem-solving abilities as a result of this.
Many studies have shown that goal-free problems are effective for learning mathematics, including a study by Purnama & Retnowati (Purnama & Retnowati, 2020), which found that goal-free problems have a significantly higher score but result in low cognitive content viewed from the retention and transfer tests when compared to goals given problems. Individual learning scores were also found to be significantly higher than the scores achieved from collaborative learning in this study. This study concludes that goal-free problems are effective for both individual and collaborative learning because there is no interaction. The research site was one of the public junior high schools in Kebumen, Central Java. The research was conducted using whatsapp to conduct online learniing. 
As it is effective to be applied to goal free problems, the individual learning strategy is utilized to learn new content, and self-explanation is used to implement the individual learning strategy. Individual learning is a metacognitive method to provide instructions to students in order to somehow control their cognitive abilities. Metacognition is a deliberate process of reflecting on what has already been learned (Moritz & Lysaker, 2018). According to McNamara & Magliano (2009), self-explanation is the process of explaining texts to oneself both orally and in writing, and it is usually thought that self-explanation modifies someone’s understanding in the learning process.
Self-explanation in cognitive load challenges students to create interactions that can connect pieces from examples and past knowledge (Sweller et al., 2011). Interacting elements require sufficient working memory resources for this procedure. Working memory will not function well in students with poor prior knowledge since it is responsible for big parts connected to self-explanation, whereas students with excellent previous knowledge will find it easier to apply self-explanation because they can employ existing knowledge stored in the long-term memory to produce self-explanation and working memory will function properly (Sweller et al., 2011).
Self-explanation has been shown to help with issue resolution in a number of earlier studies. According to Chi, Bassok, Lewis, et al., 1989, the application of self-explanation can increase students' problem-solving abilities. Self-explanation can build and integrate newly learnt content with previous knowledge, Chi, Leeuw, Chiu, et al., 1994.
Kwon, Kumalasari, and Howland (2011), found that self-explanation can help students understand new content even if they are forced to do so. This is because students who have limited prior knowledge in understanding new material and solving problem will still gain benefits from self-explanation. Self-explanation generates a minimal cognitive load as well This strategy might teach students to try understand a concept in a lesson on their own. The students will be more elf-sufficient to solve problems because they ask and answer questions to themselves.
Goal-free problems combined with self-explanation strategy require students to explain the problem to themselves using their own words and to ask themselves how the solution could be. Using the strategy combination, students are expected to improve their solving ability and the learning process become more meaningful. Hence, in this study, the combination of goal-free problems and self-explanation was assumed to be more effective, particularly for learning Geometry.
Student problem-solving ability and cognitive load can be used to determine the effectiveness of goal-free problems with self-explanation strategies. The researchers undertook this study to investigate if having a self-explanation strategy for goal-free problem-based mathematics learning would be beneficial, particularly to improve problem-solving abilities.

METHODS
Research design and participant
This study used a quasi-experimental research design compromising two experimental groups: goal free problems with self-explanation and withour self explanation instructions. The participated pulic junior high school in Central Java, Indonesia, had four year seven paralel classes that used the same curriculum and taught by the same mathematics teacher. Two classes were randomly selected to be involved in this experiment. The first class had 32 students assigned for the first experimental group, studying goal free problem with self-explanantion instruction. The second class had 32 students allocated for the second experimental group who were given goal free problems without self-explanation instruction. The teacher provided information that all students had studied line and angle material, but they had not yet learnt the relationship among angles. The teacher informed the score of the mid-semester exam of both classes where for the first class, M = 67.52, SD = 12.44, and for the second class, M = 64.00, SD =15.88. A t-test was conducted yielding t(50) = 0.893, p > 0.05, indicating that the level of mathematics ability between both classess was not significantly different. 

Material
At the time the intervention was run, the participants were considered novices to the problem solving content. To satisfy this criteria, the researchers consulted the teacher on what students have had learned based on the national curriculum used in the school. It was agreed that some theorems on relationship among angles formed by parallel lines and transversal had not yet been learnt. 
For the self-explanation instruction, this question was given together with each goal free problem to be solved: “Find and explain the angle theorem in the picture above”. The students were expected to write an explanation in the provided space. Figure 1 shows the results of developing a goal free problems learning design with self-explanation, while Figure 2 shows the results of developing a goal free problems learning design. Both are used in learning in this study. 
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Figure 2. Goal Free Probelems without Self-Explanation
Figure 1. Goal Free Probelems with Self-Explanation




Research Procedure
This research was conducted through several phases (Figure 3). The introduction phase began with the activation (recalling) of prior knowledge was conducted in 7 minutes. Then, proceed with the introduction of new material which was conducted in 25 minutes. Students were introduced and explained theorems of the relationship among angles by showing pictures of angle compositions. At the end of this phase, they were also given a goal-free problem-solving task with the aim of training students what to expect when solving a goal-free problem because this type of problem presentation had never been known by students before the experiment.
The following phase was acquisition phase conducted in the second day, in accordance with the experiment grouping. The first group was the goal-free problem solving with self-explanation, while the second group was goal-free problems without self-explanantion instruction. This phase started with an opening stage; and ended by a closing stage. Overlall this phase finished in 60 minutes. The final phase was assessment or post-test of problem-solving ability. There were eight problems that should be completed in maximum 80 minutes. 


Two authentic classes in a public junior high school
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Figure 3.  Research Procedure Diagram
Measures
The post-test consisted of description questions problems. Score 1 was given for each correct solutions and 0 for incorrect solutions. Meanwhile, the cognitive load question was the same as used in Retnowati, Ayres, & Sweller (2016, 2017) that used a nine point liket’s scale. Cognitive load was measured in the postest by asking participants to rate their level of difficulty every each test problem. The rating from each subject was the averaged score.

RESULT AND DISCUSSION
Result
The description of the data shows the overview of students’ problem-solving ability and cognitive load test results. The results of the analysis are presented in the table 1.

[bookmark: _Toc77082972][bookmark: _Toc79750395]Table 1. Descriptive Analysis of Post-test Data and Cognitive Load Results
	Description
	With Self-Explanation 
n = 27
	Without self-explanantion 
n = 25

	                                 Problem-solving ability

	M
	80.0926
	75.00

	SD
	12.26180
	15.41526

	Max  
	100
	100

	Min
	50
	43.75

	                                  Cognitive Load

	M
	4.7296
	5.228

	SD
	0.7503
	0.9035

	Max
	5.9
	6.5

	Min 
	3.1
	3.3



The normality tests in this study used the Kolmogorov-Smirnov test with a significance value of 0.05, presented in Table 2. 
Table 2. The Normality Test on Problem Solving Ability Test Result
	Condition
	Normality Test
	P-value
	Conclusion

	Problem Solving 

	With SE
	Kolmogorov-Smirnov
	0,054
	normally distributed

	Without SE
	Kolmogorov-Smirnov
	0,200
	normally distributed

	Cognitive Load

	With SE
	Kolmogorov Smirnov
	0,200
	normally distributed

	Without SE
	Kolmogorov Smirnov
	0,055
	normally distributed




The following t-tests and cohen’s d were calculated. 
After the prerequisite test is met, the next step is to conduct the hypothesis test. Hypothesis testing aws done by using of t-test with a significance of 0,05. The purpose of the first hypothesis test was to examine whether there was a significant difference in effectiveness between goal free problems learning with self-explanation and goal free problems learning viewed from students' problem-solving abilities. The mean value of the problem-solving ability test in learning goal free problems with self-explanation () is higher than in learning goal free problems (). 
The following table 4 shows the output results of the first hypothesis and the data obtained for the t-test
Table 4. Pair Comparison Test Results
	Dependent variables
	t
	df
	Std
	p-value
	Cohen’s d

	Problem Solving Score
	1,3233
	50
	3,838
	0,1918
	0,365

	Cognitive Load
	2,1702
	50
	0,230
	0,0348
	0,599



Based on t-test with the dependent variable on the mid-term test, the results are . There is no significant difference between midterm test scores. Based on t-test with the dependent variable on the student's problem-solving ability, the results are sig= 0,1918. There is no significant difference between goal free problems learning with self-explanation and goal free problems learning. It means that goal free problems learning with self-explanation is not significantly better than goal free problems learning viewed from students' problem-solving abilities. The type of learning strategy has a low effect of 0,465 on students' problem-solving abilities.
The second hypothesis test aims to determine whether there is a difference in effectiveness between goal free problems learning with self-explanation and goal free problems learning viewed from students' cognitive load. The average cognitive load of goal free problems learning () is lower than learning goal free problems with self-explanation (). 
Based on t-test with the dependent variable on the student's problem-solving ability, the results are  It means that there is a significant difference between goal free problems learning with self-explanation and goal free problems learning viewed from students' cognitive load. Differences in learning methods affect students' cognitive load, the use of self-explanation technique has a medium effect on the goal free problems approach of 0,599. In addition, goal free problems learning with self-explanation is more effective than goal free problems learning on students' cognitive load.    

Discussion 
The results of the first hypothesis test related to students' problem-solving abilities show that there is no significant difference between goal free problems learning with self-explanation and goal free problems learning. Although it appears that the average problem-solving ability test for learning goal free problems with self-explanation is higher ( =80.0926) than the average problem-solving ability test for learning goal free problems ( =75.00), the average score of the group using goal free problems with self-explanation is significantly higher than the score of the group using goal free problems.  
Basically, goal free problems are related to problem solving, namely by eliminating the final goal of a mathematical problem. Goal free problems are very helpful for students in understanding the material and understanding the relationship among variables/wider data as goal free problems can construct problems based on known information (Sweller et al., 2011). Goal free problems can minimize extraneous cognitive load, and as a result, working memory works more optimally in constructing knowledge. Ayres (1993) argue that goal free problems are effective for improving problem solving abilities.
Self-explanation is a teaching strategy conducted by explaining to oneself both orally and in writing as well as self-explanation which is generally assumed to modify understanding in the learning process (Mc Namar & Magliano, 2009). In the self-explanation strategy, students are not only memorizing the material, but also understanding what is being studied. In its learning process, self-explanation actively involves students by understanding a problem example through the provided explanations which ensure that understanding the material is a meaningful process so that students can prove the truth of the problem that arises from the difference between their understanding and the new material presented. There are several cognitive processes such as analyzing, explaining, and testing the truth which turns out to be a higher cognitive process than only the cognitive process of remembering (Anderson et al., 2001).
Goal free problems learning without self-explanation strategies can improve problem solving abilities. This is in line with research conducted by Ayres (1993) stating that goal free problems are effective for improving students' ability to solve problems. Learning using goal free problems with self-explanation and goal free problems both improves problem-solving skills for the relationship among angles.
The results of the second hypothesis test related to cognitive load show differences in effectiveness between goal free problems learning with self-explanation and goal free problems. From these results, goal free problems learning with self-explanation is better than goal free problems learning. It means that the self-explanation strategy somehow decreases students' cognitive load in solving problems on the material of the relationship among angles. This is in line with the cognitive load theory expressed by Sweller (1998), that self-explanation is considered to be able to provide students with low cognitive load in problem solving because students focus on cognitive resources, avoid separation of attention and limit activities that do not directly support learning. Problem solving is considered to lead to a high cognitive load activity because students have to do a lot of searching to find suitable operators, introduce appropriate constraints, and determine paths with prior knowledge to find solutions.
Goal free problems is a learning method that can minimize cognitive load. In line with research conducted by Ayres (1993) that the goal free problems strategy is an effective learning method to minimize students' cognitive load. Goal free problems with self-explanation can minimize cognitive load, because this collaboration can both minimize cognitive load. It can be concluded that the findings of this study inform that the hypothesis of goal free problems learning with self-explanation significantly minimizes students' cognitive load. Goal free problems is a strategy that can minimize extraneous cognitive load which makes working memory in constructing knowledge work more optimally. This facilitates the knowledge possessed by students to be stored in their long-term memory. Learning using goal free problems, students can build and develop perceived knowledge by making relation of the knowledge provided and with knowledge previously owned. This can help students understand new things thoroughly and can improve problem solving abilities. 
The self-explanation strategy makes students able to deepen their knowledge by explaining the reasons or basis for each step presented (Chi et al., 1989). Therefor students will be better in understanding the material thoroughly (Takeng, 2015). When students understand the material thoroughly, they can apply the concept of the material to a new problem. This self-explanation strategy is done individually. The geometry of the relationship among angles is a complex material. With self-explanation, students process the material themselves and understand what they learnt, and then process all information independently. By doing so, students will be more focused on understanding the material and solving problems (Retnowati, Ayres, & Sweller, 2010). Self-explanation is a metacognitive strategy in which students explain learning material to themselves. This metacognitive strategy can encourage students to try to understand the learning material thoroughly. Applying metacognitive strategies will help students improve their thinking processes and guide them to plan, monitor, and evaluate their own work (Risnanosanti, 2008). 
.
CONCLUSION
It might be concluded that with or without self-explanation, both groups of students who were given goal free problems did not have significant difference in terms of  problem-solving abilities. However, there was a significant difference on level of cognitive load. Learning goal free problems with self-explanation could be more effective because this strategy causes a lower cognitive load than those without self-explanation. This study suggests that the instruction of self-explanation might lower extraneous cognitive load and improve learning. Future research should examin whether specific self-explanation guidance might influence the effectiveness of the instructions.
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