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As prior research has pointed out, students' understanding of probability ideas faces up to biases and a deterministic way of thinking that their teaching hardly seems to overcome. We examined a Mexican technological high school syllabus proposal of the rules of addition and product of probabilities, as well as their understanding by a student (referred to as MC) who attended the current probability course and voluntarily received an additional online teaching of probability fundamentals, which included those rules. We posed the question: What are MC's understanding features of addition and product of probabilities rules, and how might that understanding be influenced by the institutional proposal? We aimed at enhancing the teaching approach for these topics.

Theoretical Framework

This study has three main axes: epistemological, social and cognitive. The epistemological axis considered [START_REF] Heitele | An epistemological view on fundamental stochastic ideas[END_REF] proposal of ten stochastic fundamental ideas that should be taught in a continuous spiral curriculum, two of which are the addition and product of probabilities rules. It also considered Steinbring's (2005) view of the epistemological triangle, which connects and interrelates reference, symbol, and concept to constitute the latter. Also, concerning the social axis, Steinbring (2005) clarifies how mathematical ideas are constructed through individuals' social interaction when assigning and exchanging signifiers-signifieds to argue and justify concepts.

The cognitive axis includes Tall's (2013) three worlds of mathematics, which evolve from conceptual embodiment to symbolic operations to axiomatic formalism. More particularly, for [START_REF] Duval | Understanding the Mathematical Way of Thinking -The Registers of Semiotic Representations[END_REF] there are three main cognitive operations ruling the mathematical activity: the semiotic registers' production, treatment, and conversion. Specifically, regarding probability thinking, [START_REF] Tversky | Extensional versus intuitive reasoning: The conjunction fallacy in probability judgment[END_REF] have proposed cognitive biases, such as representativeness, availability and the conjunction fallacy, which can lead to errors when calculating probabilities.

Methodology

This qualitative research was carried out in three phases: syllabus (DEMS-IPN, 2008) documental research, online extra-class teaching sessions, a questionnaire and a semi-structured interview. The data were analyzed and interpreted using criteria categories from the theory: referent, stochastic fundamental ideas, semiotic registers, wording terms, and other mathematical concepts [START_REF] Ojeda | Estrategia para un perfil nuevo de docencia: un ensayo en la enseñanza de estocásticos [Strategy for a new teaching profile: an essay on teaching stochastics[END_REF].

The questionnaire consisted of six problems presented as open questions about the fundamental ideas in focus. It was provided, handwritten answered, digitalized, and sent it back, everything online. The interview was based on MC's answers to the problems, which were shown on screen with her produced registers. It consisted of 42 questions, was carried out online and videorecorded.

Findings

The program emphasizes procedural algorithms for the addition and product of probability ideas, mainly by set operations between events. However, it adopts a deterministic approach to probability, with no recommendations on the use of semiotic registers, such as tree diagrams and contingency tables. Additionally, the program's directions for reference situations for problem-solving is unclear and very general. Consequently, students may develop a piecemeal and incomplete understanding of these ideas, limited to the conceptual embodiment world, which could lead to availability biases.

MC showed an understanding of probability ideas such as probability measure and sample space, still, some misconceptions regarding combinations of events emerged. She struggled to differentiate mutually exclusive from independent events when applying the addition rule. She also had difficulty using the product rule and confused conjunction and conditionality of events, hence interchangeable for her. MC did not recognize the usual words (or/and) related to the union/intersection of events and used conditional probability instead, focusing on the order of events' appearance in the problem text.

Although she correctly used tree diagrams, her execution revealed a reference-sign and sign-concept disruption, which could be due to the conjunction fallacy and the availability heuristic prompted by a colloquial use of terms, placing her in the conceptual embodiment world for both ideas.

Conclusion

These findings suggest that student's understanding of the addition and product of probabilities is characterized by heuristics, lack of representation, and deterministic thinking. To resort to different semiotic registers when teaching the addition and product of probabilities at the technological high school is crucial for the students to understand these rules. A variety of problems to overcome the conjunction fallacy is needed, so to differentiate conjuncted from conditioned and conditioning events, and mutually exclusive from independent events. The wording to refer to combined events needs further research.