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Abstract

Probability theory and mathematical statistics are foundational courses for automotive inspection
and maintenance majors, yet a persistent disconnect between theoretical instruction and profes-
sional practice, along with low student engagement, has long been observed. This paper focuses on
“conditional probability and Bayes’ formula” in the teaching plan and selects “automobile engine
shaking fault diagnosis” as a typical application scenario. It systematically demonstrates the entire
Bayesian reasoning process—from obtaining prior probabilities from historical maintenance records,
designing diagnostic indicators to determine conditional probabilities, conducting the first Bayesian
update, to introducing a second piece of evidence for iterative refinement. Quantitative results, pre-
sented via data tables and probability comparisons, show that the posterior confidence in ignition
system failure increases from 50% to 71.4% and finally to 96.6%. Based on this case, this paper dis-
cusses the limitations of the case model under the assumptions of fault mutual exclusivity, data acqui-
sition challenges, and complex multiple-fault scenarios. Findings indicate that deeply embedding pro-
fessional cases with visualization tools is expected to lower the cognitive threshold for abstract con-
cepts and enhance students’ intrinsic motivation. This paper provides a valuable reference paradigm
for the teaching reform of probability and statistics courses oriented toward applied talent cultivation
in the automotive industry.
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Table 1. Prior probabilities of the three fault causes (based on historical frequencies)
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Table 2. Conditional probabilities of symptom B occurring under various fault causes
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Figure 1. Comparison of prior probability and posterior probability after the first update
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Figure 2. Summary of two Bayesian update processes
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