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Abstract

To address the issues of “emphasizing computation over conceptual understanding” in linear alge-
bra instruction and the disconnection between traditional teaching models and student-centered
learning in the context of emerging engineering education, this paper aims to explore a teaching
model deeply integrated with Python, repositioning Python from an auxiliary tool to a core cogni-
tive medium. Methods: Taking fourth-order determinants and inverse matrices as typical cases, the
study designs multiple algorithmic implementations, including recursive expansion, multi-row ex-
pansion verification, step-by-step process demonstration, adjugate matrix method, and Gauss-Jor-
dan elimination. The model was implemented in two semesters involving 297 first-year students
majoring in computer science and software engineering. A blended teaching approach (28 lecture
hours + 4 Python practice hours) was adopted, and qualitative assessment was conducted through
student projects, reflective reports, and classroom observations. Results: Over 80% of students suc-
cessfully transferred the Python methods to new application scenarios. Student reflections revealed
that programming significantly deepened their understanding of concepts such as the uniqueness
of determinants and the algebraic structure of inverse matrices. Classroom questioning shifted
from “how to compute manually” to “how to select optimal algorithms”. Conclusion: The proposed
model effectively facilitates students’ transition from mechanical computation to computational
thinking and from “tool usage” to “thinking construction”, providing a practical pathway for inte-
grating Python into linear algebra teaching.
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for j in range(n):
# HHARER T
minor = []
for i in range(1, n): # BidE 1)
row = []
for k in range(n):
if k1= §: # BodE§sl

row.append(matrix[i][k]) BITETERATHIAE: 224
minor.append(row) NumPyZ&iE 45 5 : 223.99999999999994

Figure 1. Result of calculating the fourth-order determinant by the recursive method
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if n == 1:

return matrix[e][e]

elif n == 2:

return matrix[@][0] * matrix[1][1]

det = 0
# JdEE TR

for j in range(n):

minor = get_minor(matrix, expand_row, j)

sign = (-1) ** (expand_row + j)
det += sign * matrix[expand_row][j] * determinant_by_expansion(minor)

- matrix[@][1] * matrix[1][0]
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REMTRIFIER: 224
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Figure 2. Comparison of calculation results by expanding different rows
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for j in range(n):
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minor = get_minor(matrix, ©, j)

# JVATHEE B
sign = (-1) ** j
det += sign * matrix[@][j] * determinant_recursive(minor)

return det

Figure 3. Display of cofactors and the expansion process
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773 det(A) = 224

HREFEFE adj(A):
[-5, -53, 40, 19]
[-1, 79, 8, -41]
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[55, -89, 8, 15]

WEERE A

[-0.0223, -0.2366, ©.1786, ©.0848]
[-0.0045, ©.3527, ©.0357, -8.183]
[-0.0938, ©.4062, -0.25, ©.1562]
[e.2455, -0.3973, 0.0357, ©.867]

n = len(matrix)
inverse_matrix = []
for i in range(n):

row = [] BiF: A x A2 =
for J in range(n): [1.e, .0, -6.0, 0.0]
row.append(adjugate_matrix[i][j] / det) [-e.0, 1.0, 0.0, 0.0]
inverse_matrix.append(row) [e.e, 0.0, 1.0, 0.0]
[-e.0, ©.0, 0.0, 1.08]
return inverse_matrix, det, adjugate_matrix PS C:\Users\Z #it>

Figure 4. Solving inverse matrix by adjugate matrix method

B 4. PEBERERE AR MRS RERE

i

ﬁﬁ%%?&ﬁkﬂT%N,5%%W,@%%%,ﬁﬁ%?ﬁ%ﬁﬁﬁ%ﬁﬁ@&oﬁ*ﬁﬁ%
K, EEPT2EBRBTIN. KT NGERHEREZ R R

222 FEZ: =i - AHERE
il - 20T e OB AT AR R I TR R [A TR AR [ | AT, TR, B AR e M, SRS
bR AR A I TV
for col in range(n):
# FHRET CHETHIP L ERKITTER)
pivot_row = col
for r in range(col + 1, n):

if abs(augmented[r][col]) > abs(augmented[pivot_row][col]):
pivot_row = r

W B [AlT]:

[* 1.ee', ' 4.e0', ' 2.00', ' 5.00', ' 1.e0', ' ©.00', ' @.00', ' ©.00']
[* 2.e0', ' 3.e0', ' 2.00', ' 1.00', ' ©.e0', ' 1.e0', ' @.08', ' 0.€0']
[* 6.00', ' 4.00', ' 1.00', ' 1.00', ' ©.00', ' ©.00', ' 1.00', ' ©.00']
[* 5.ee', ' 1.e@', ' 4.e0', ' 2.00', ' 0.ee', ' @.e0', ' @.e8', ' 1.e0']
THAT 1 AT 3

[* 6.00', ' 4.00', ' 1.00', ' 1.00', ' ©.00', ' ©.00', ' 1.00', ' ©.00']
[* 2.00', ' 3.e0', ' 2.00', ' 1.00', ' ©.e0', ' 1.00', ' @.00', ' ©.00']
[* 1.ee', ' 4.e0', ' 2.00', ' 5.00', ' 1.e0', ' ©.00', ' ©.00', ' ©.00']
[* 5.e0', ' 1.e0', ' 4.00', ' 2.00', ' ©.e0', ' ©.00', ' 0.00', ' 1.00']

Figure 5. Solving inverse matrix by Gauss-Jordan elimination method
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