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In 2000, the National Council of Teachers of Mathematics highlighted proof as one of the most important components of mathematical thinking in justifying a mathematical idea in a fluent and formal way. One of the expectations is that students should be able to understand and construct mathematical proofs by the end of secondary school. The purpose of our study was to analyze and classify the justification strategies used by an honors high school student while producing a geometric proof. In this study, we adopted the justification framework [START_REF] Marrades | Proofs produced by secondary school students learning geometry in a dynamic computer environment[END_REF] to analyze a student's process of doing a congruency of triangles proof task. Data were collected through a cognitive interview and a written task on pencil and paper. The results showed that the student used deductive-formal, deductive-formal-structural, and deductive-failed types of justifications during her proof process.

Theoretical Framework

We used the justification framework developed and elaborated by [START_REF] Marrades | Proofs produced by secondary school students learning geometry in a dynamic computer environment[END_REF]. The authors established the justification framework by expanding on previous approaches in academic literature. The framework provides an analytical tool to classify and analyze students' strategies in the process of constructing justifications in problem-solving. The authors adopted the concept of justification as "any reason given to convince people of the truth of a statement" (Marrades & Gutierrez, 2000, p. 89). Also, they referred to proof as a justification that satisfies the agreed-upon abstraction criteria by expert mathematicians as valid in an axiomatic system. The framework identifies two principal classifications which are empirical and deductive justifications. Within these classifications, there categories and subcategories. The empirical justification has four categories: failed, naïve empiricism (perceptual and inductive), crucial experiment, and generic example (example-based, constructive, analytical, intellectual). The deductive justification has three categories: failed, though experiment (transformative and structural), and formal (transformative and structural).

Method and Data Collection

We used purposive sampling method and the participation was voluntary based. The participant, Nina, was an 11th grade, honors, and a female high school student. Nina took an introductory geometry course previously where she received formal instruction on proofs. This was a crucial aspect of consideration for our study as we were interested in investigating the type of justification strategies the student will use in constructing a proof task. Some criteria we considered were that Nina was in the secondary school level, a level in which congruency of triangles is studied. In a pencil and paper environment and guided by a cognitive interview for 25 minutes, Nina worked on the congruency of triangles proof task.

In Table 1, we present Nina´s justifications strategies. By applying the theoretical framework, we determined that the student used diverse strategies in engaging in the geometric proof task of congruency of triangle. Nina' s justification process was classified into the deductive main type of justification as she did not make use of any specific examples to do the proof justification, but instead used generic aspects of the problem, mental operations, and logical deductions. Nina´s first two arguments are deductive formal because she used only generic given aspects of the problem. After that, she employed a deductive formal structural argument by applying the definition of bisector to support her justification. Her next justification steps were categorized into the deductive failed strategy as she elaborated correct conjectures but failed in providing the correct justification for them. To summarize, Nina derived part of her justification by using an accepted definition and logical inferences from it. Later, she used an incorrect justification which consequently caused her next steps to be incorrect.

Nina made an explicit effort to use rigorous symbolic language to express her thinking in written form while constructing sequences of logical deductions. Nevertheless, at the end she failed to succeed in elaborating the proof.

Limitations, and Future Directions

Because of the limited sample size and the participant's status as an honors student, our findings cannot be generalized. A future direction of this study would be experimenting with more high school students from different backgrounds by including diverse geometry proof task types.

Table 1 : Nina' s justification strategies
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	Statement	Reason	Justification level	Description
	<S ≅ <R	Given	Deductive → Formal	Because the problem
				gives me this information
	XT bisects <SXR Given	Deductive → Formal	I am given this
	<SXT ≅ <RXT	Nina' s thinking	Deductive →Formal →	The definition of bisector
			Structural	(Congruency of angles)
	<STX ≅ <RTX	Nina' s thinking	Deductive → Failed	XT is a bisector
	ST ≅ RT	Nina' s thinking	Deductive →Failed	XT bisects the side SR in
				two equal parts
	SXT ≅ RXT	Nina' s demonstration Deductive →Failed	The congruence theorem ASA