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Teaching practice of instrumental analysis course based on
inquiry-based learning and critical thinking: a case study
of competency development for pharmacy students
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Abstract: Instrumental analysis is a crucial foundational course for pharmacy majors, and its
teaching effectiveness directly relates to the cultivation of students’ analytical testing abilities,
scientific research literacy, and innovative thinking. Current teaching commonly faces problems such
as complex content systems, difficulty in understanding principles, and disconnection between
theory and experiments, resulting in students’ lack of active inquiry awareness and critical thinking.
To address these issues, this study takes pharmacy students from 2019-2023 classes at the School
of Pharmacy, Guangzhou Medical University as subjects, exploring a teaching model that combines
inquiry-based teaching with the cultivation of critical thinking. By constructing a stepwise inquiry
approach that progresses from imitative to comparative to case-based learning and designing problem-
oriented learning tasks and reflective assessment mechanisms, the study aims to guide students in
achieving knowledge construction and cognitive enhancement within authentic problem contexts.

Teaching practice results indicate that this model effectively promoted students’ transition from
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passive acceptance to active inquiry, significantly improving their analytical testing abilities, scientific

research literacy, and innovative capabilities. However, some students still exhibited habitual

thinking in knowledge transfer and analysis strategy selection, and the depth of critical reasoning

needs to be further strengthened. This study provides a systematic pathway and empirical evidence

for the teaching reform of instrumental analysis courses, and is of significant importance for

cultivating high-quality pharmacy professionals with innovative capabilities.

Keywords: inquiry-based learning; critical thinking; instrumental analysis; pharmaceutical edu-

cation; teaching reform
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Table 1 Analysis of evaluation indicators for the scenario-
based application assessments across teaching
classes of the 2022 pharmacy major

Accuracy rates/%

Knowledge point  Clinical phar- Regular phar- Pharmacy ex-

macy class macy class  cellence class
Limit of detec- 81.2 85.2 93.3
tion
TLC analysis 34.4 16.0 30.0
Electrophoresis 68.8 85.2 90.0
analysis
Atomic absorp- 79.7 88.9 90.0

tion analysis
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Table 2 Analysis of evaluation indicators for the scenario-
based application assessments across teaching
classes of the 2023 pharmacy major

Accuracy rates/%

Knowledge points Clinical Regular Pharmacy
pharmacy pharmacy excellence
class class class
Spectroscopic analysis 7.4 27.1 43.3
Electrophoresis analysis 79.6 79.5 100.0
Comparing CE and 88.9 77.7 83.3
HPLC analysis
Accurate mass 9.3 38.8 333
Ionization technique - 64.7 73.3
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Fig. 2 Distribution of detection method selection for bergapten and imperatorin among 2021-grade students in comprehen-

sive design questions

a. clinical pharmacy class; b. regular pharmacy class; c. pharmacy excellence class.
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Fig.3 Distribution of detection method selection for ginsenosides among 2022 grade students in comprehensive design

questions

a. clinical pharmacy class; b. regular pharmacy class; c. pharmacy excellence class.
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Fig. 4 Distribution of detection method selection for fentanyl analogues among 2023-grade students in comprehensive de-

sign questions

a. clinical pharmacy class; b. regular pharmacy class; c. pharmacy excellence class.
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