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Abstract. Courses are crucial carriers for achieving talent training goals of higher 

education universities. Current evaluations of courses quality often rely on intu-

ition rather than scientific methods, leading to less reliable results and hindering 

continuous improvement. To address this, we propose a causal inference-based 

evaluation method. First, a structural causal model for course quality evaluation 

is constructed based on causal inference theory. Then, taking ‘Electromechanics 

(Part 1)’, an important foundational course in the major of Electrical Engineering 

and Automation, as an example, a structural causal model for the course quality 

evaluation system is constructed. The do-operator is introduced to determine the 

average causal effect of various instructional intervention measures, such as 

course assignments, chapter tests, and final exams on the course objectives. Fi-

nally, by analyzing the differences in the average causal effects of these interven-

tions on the course objectives over two academic years, the causes of these dif-

ferences are identified, which will be used for the continuous improvement of the 

course in the following academic year. Although initially applied in electrical 

engineering, this method is adaptable to other disciplines. 

Keywords: Course quality, course objectives, causal inference, structural 

causal model, engineering education professional accreditation. 

1 Introduction 

The Washington Accord, established in 1989, is a mutual recognition agreement that 

serves as the basis for evaluating educational credentials [1]. In 2016, China formally 

joined this international engineering alliance, indicating that its engineering education 

has achieved international equivalence. Education 4.0, integrating technology with ex-

perience-based learning, addresses modern needs and personalizes education [2]. It 

aligns with innovative society requirements, bridges educational gaps, and uses AI to 

enhance and digitalize teaching [3]. Using Cite Space to analyze literature on higher 

education quality assurance from Web of Science, the research identifies key hotspots 

in quality assurance, sustainable development, and medical education, with trends fo-

cusing on frameworks and knowledge [4]. Effective and scientific methods for evalu-

ating course quality can reflect teaching effectiveness, student achievement of course  
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objectives, and the fulfillment of graduation requirements. Indicators for evaluating
course quality can be categorized into three areas: the course itself, the course imple-
mentation process, and the effects of course teaching.

Currently, there are the following problems in course quality evaluation: (1) uni-
formity in evaluation methods. course quality evaluation mainly relies on students' final
exam scores to calculate the achievement of course objectives. The results are often a
single score, making it difficult to identify teaching problems from this single outcome.
(2) Lack of a psychological model in the evaluation process. Continuous improvement
of course quality relies on causal intuition rather than assessment results. Without psy-
chological models and methodologies, it's challenging to identify teaching problems,
and improvement measures are often too vague and impractical.

Recent advances in cognitive science and neuroscience have highlighted that human
learning and thinking revolve around causality, composability, and transferability [5].
Causality is now a crucial cognitive tool with applications in medicine, economics, ma-
terials science, computer science, education, and artificial intelligence [6]. In education,
causal inference methods add mathematical rigor to teachers' intuitive understanding,
aligning with the field's dual focus on humanistic care and scientific rationality [7].
Revising the curriculum system should rely on scientific evidence that provides rich
causal information for informed decision-making.

The paper uses Judea Pearl's structural causal model (SCM) to analyze the relation-
ships between assessment methods, course objectives, and graduate attributes in the
‘Electromechanics (Part 1)’ course. It employs the do-operator to calculate the average
causal effect (ACE) of various interventions—assignments, chapter tests, and final ex-
ams--on course objectives. By comparing the ACE of these interventions over two ac-
ademic years, the paper identifies reasons for differences and offers recommendations
for course improvement. The SCM formalization and mathematical expressions en-
hance understanding of causal relationships and improve course quality assessment.

2 Course Quality Evaluation Based on Structural Causal
Model

The structural causal model is a method that visualizes the causal assumptions behind
data. It is used to describe real-world associations and their interactions. It is a causal
inference method based on graph theory that divides events into three levels: observa-
tion, intervention, and counterfactual [8]. With do-operations, it reduces the causal re-
lationships at the intervention and counterfactual levels to problems that can be ad-
dressed through statistical methods. The structural causal model for course quality eval-
uation is depicted in Figure 1. Teaching activities have a causal effect on the achieve-
ment of course objectives, and the attainment of course objectives have a causal effect
on the achievement of graduate attributes.

To represent the overall causal effect of teaching activity Xi on course objective Oj,
the average causal effect (ACE) is used. The ACE refers to the average of all individual
causal effects, which means calculating the average difference between the potential
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outcomes when the teaching activity Xi is implemented as an intervention and when it
is not implemented as an intervention across all samples. In other words:

∋ ( ∋ ([ 1 ] [ 0 ]| |< < <,j i j iACE E O do X E O do X (1)

where, do(Xi) represents the intervention operator, indicating the manipulation of Xi

alone, without affecting the manipulation of other variables in the model [9]. Similarly,
to obtain the ACE of course objective Ok on course objective O1, the following calcu-
lation should be performed:

∋ ( ∋ ([ 1 ] [ 0 ]| |< < <,l k l kACE E O do O E O do O (2)
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Fig. 1. SCM for course quality assessment.

3 Case Study

3.1 SCM for the ‘Electromechanics (Part 1)’ Course

In the ‘Electromechanics (Part 1)’ course at the School of Mechanical and Electrical
Engineering, electrical engineering and automation students engage in classroom lec-
tures and online learning through platforms like Rain Classroom [10]. The course uses
assignments, chapter tests, and final exams to evaluate course objectives and graduate
attributes. The instructional SCM for this course is shown in Figure 2.

Students are expected to master fundamental theories in electromagnetism, magnetic
circuits, and electromechanics (course objective 1, denoted as O1), and skillfully apply
these theories to analyze electric machines (course objective 2, denoted as O2). They
should demonstrate a solid grasp of electrical engineering knowledge (graduate attrib-
ute observation point 1-4), analyze and model related problems, and effectively re-
search and present solutions (graduate attribute observation point 2-2).
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Data for the ‘Electromechanics (Part 1)’ course were collected from 75 students in
2018 and 156 in 2019, including scores from assignments (A1, A2), chapter tests (B1,
B2), and final exams (C1, C2) related to course objectives O1 and O2. Traditional assess-
ment methods average these scores against preset targets, but this approach does not
reveal which teaching activities may be lacking, complicating targeted improvements.

Course
Objectives 1 O1

Course
Objectives 2 O2

Graduate Requirement
Observation Point 1-4

Graduate Requirement
Observation Point 2-2

Course
assignments A1

Chapter tests B1

Final exam C1

Course
assignments A2

Chapter tests B2

Final exam C2

Fig. 2. SCM for the course ‘Electromechanics (Part 1)’ evaluation.

3.2 ACE of Intervention Measures on Course Objectives

In the ‘Electromechanics (Part 1)’ course, interventions include assignments, chapter
tests, and final exams. The causal effect of course assignment A on the ith course ob-
jective Oi (i=1,2) is P(Oi| do(A=1)), with the correction formula given by formula (3).

∋ (∋ ( ∋ (| |< < <ii i iP ao A P O AO d a (3)

where, ‘a’ represents whether the objective is achieved or not, with 1 indicating
achievement and 0 indicating non-achievement.

The causal effect of chapter test B on Oi(i=1,2) is P(Oi|do(B=1)), and the causal
model  after  the  B1 intervention  is  shown in  Figure  3,  with  the  correction  formula  in
formula (4). For the final exam C, the correction formula is shown in formula (5).
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where, a, b, o represents whether the objective is achieved or not, with 1 indicating
achievement and 0 indicating non-achievement.
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where, b, c, and o represent whether the objective is achieved or not, with 1 indicating
achievement and 0 indicating non-achievement.

Course
objectives 1 O1

Course
objectives 2 O2

Graduate Requirement
Observation Point 1-4

Graduate Requirement
Observation Point 2-2

Course
assignments A1

Chapter tests B1

Final exam C1

Course
assignments A2

Chapter tests B2

Final exam C2

Fig. 3. Teaching causal model of the ‘Electromechanics (Part 1)’ course after the intervention
of chapter test B1.

Combining formulas (1), (3) ~ (5), the ACE of teaching activities on course objec-
tives can be obtained, as shown in Table 1. Table 1 shows that for the 2018 and 2019
classes, course assignments, chapter tests, and final exams all have an ACE greater than
0 for course objectives O1 and O2, indicating a positive contribution to achieving these
objectives. In the 2019 class, the ACE for course assignments A1 and A2 is above 0.9,
suggesting students have effectively mastered the course content.

Table 1. ACE of Teaching Activities on Course Objectives for the ‘Electromechanics (Part 1)’
Course in Electrical Engineering and Automation Major of the classes of 2018 and 2019.

Course
        objectives

Assessment
grades

Class of 2018 Class of 2019

O1 O2 O1 O2

Average magni-
tude changes in
the causal effect

A1 0.6245 - 0.9577 - +53.35%
B1 0.3893 - 0.3156 - -18.93%
C1 0.3339 - 0.1620 - -51.48%
A2 - 0.6910 - 0.9143 +24.42%
B2 - 0.4548 - 0.3728 -18.03%
C2 - 0.2618 - 0.2600 -0.69%

The ACE of chapter tests B1 and B2 on course objectives O1 and O2 are 0.3156 and
0.3728, respectively. The ACE of the final exam C1 and C2 on course objectives O1 and
O2 are 0.1620 and 0.2620, respectively. It can be observed that although students have
mastered basic knowledge about the circuit and magnetic structures of transformers and
rotating motors, there are still deficiencies in understanding motor operating principles
and analyzing internal electromagnetic processes in motors. In future classroom teach-
ing, teachers can use project-based learning, guiding students through problem-oriented
approaches to actively engage in class discussions, encouraging proactive thinking, and
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enhancing their ability to analyze and calculate aspects related to motor principles, the
electromagnetic processes within motors based on foundational knowledge, such as
magnetic circuits and transformers.

Compared to the class of 2018, the class of 2019 electrical engineering and automa-
tion A1 and A2 showed an increased causal effect on O1 and O2 by 53.35% and 24.42%,
respectively. This is because the teacher increased the frequency and intensity of in-
class and after-class exercises in their classes of 2019.

From Table 1, it is evident that in the chapter tests of the 2019 class for the ‘Electro-
mechanics (Part 1)’ course, the proportion of subjective questions involving analysis
and computation of magnetic circuits and transformers was reduced in the transformer
tests. This reduction meant that students did not effectively practice their analysis and
computation skills for this part, leading to a decrease in the causal effect of chapter test
B1 on course objective O1.

Compared to the 2018 class, the 2019 class in electrical engineering and automation
A1 and A2 saw a 53.35% and 24.42% increase in the causal effect on O1 and O2, respec-
tively, due to more frequent and intense exercises. Table 2 shows the chapter tests for
'Electromechanics (Part 1)' for the class of 2019, the proportion of subjective questions
on magnetic circuits and transformers was reduced. This led to less effective practice
in these areas, decreasing the causal effect of chapter test B1 on course objective O1.

Table 2. Number and Proportion of Question Types in the Chapter Tests for the ‘Electrome-
chanics (Part 1)’ Course in the classes of 2018 and 2019.

Class of 2018 Class of 2019
Objective Ques-
tions (supporting

O1)

Subjective Ques-
tions (supporting

O2)

Objective Ques-
tions (supporting

O1)

Subjective Ques-
tions (supporting

O2)
Transformer

Test 0% 100.0% 63.6% 36.4%

DC Motor Test 100% 0% 84.0% 16.0%

Table 3. Mean causal effects of teaching activities on course objectives of ‘Electromechanics
(Part 1)’ course for the classes of 2018 and 2019.

Class of 2018 Class of 2019

O1 O2 O1 O2
Magnitude changes in the

causal effect
O1 - 0.2867 - 0.7836 173.3%

According to formula (4), the ACE of course objective O1 on O2 for the ‘Electrome-
chanics (Part 1)’ course in 2018 and 2019 is shown in Table 3. The ACE values indicate
a significantly positive impact of O1 on O2. For the 2019 class, the benefits include: (1)
Increased frequency and intensity of exercises positively impacted course assignments;
(2) A more balanced distribution of question types in chapter tests made the effect of
O1 on O2 more apparent. Future improvements could include: (1) Using project-based
and problem-guided learning to enhance students' analytical and computational skills
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in transformers and motors; (2) Increasing subjective questions in transformer chapter
tests to intensify training in analysis and computation.

4 Conclusions

To address the overly simplistic course quality evaluations, lack of a psychological
model, and difficulties in obtaining actionable results, this paper uses the ‘Electrome-
chanics (Part 1)’ course as a case study. It proposes an SCM for course quality assess-
ment based on course assessment methods, objectives, and graduate attributes. The do-
operator calculates the ACE of interventions like assignments, tests, and exams on
course objectives. By analyzing ACE differences over two academic years, the paper
identifies reasons for changes in causal effects and suggests continuous improvement
measures. The formalized SCM and symbolic causal mathematics enhance the rigor
and effectiveness of course evaluations, uncovering specific measures for continuous
improvement.

Although the strategy is applied to ‘Electromechanics (Part 1)’ in electrical engi-
neering and automation, it could be adapted to other courses. Future work could involve
using data from assessments of ‘Electromechanics (Part 2)’ for a longitudinal evalua-
tion to achieve more effective quality evaluation and improvement of ‘Electromechan-
ics (Part 1)’.

Acknowledgment

This work was funded by the Key Program of the Teaching Reform Research in Col-
leges and Universities of Hunan Province (HNJG-2022-0079).

References

1. Motahhari-Nejad, H., Ghourchian, N.G., Jafari, P. and Yaghoubi, M.: Global approach for
reforming engineering education in Iran. International Journal of Engineering Education,
28(5), p.1243 (2012).

2. Mukul, E. and Büyüközkan, G.: Digital transformation in education: A systematic review of
education 4.0. Technological Forecasting and Social Change, 194, pp.122664-122684
(2023).

3. Dai, Y., Liu, A., Qin, J., Guo, Y., Jong, M.S.Y., Chai, C.S. and Lin, Z.: Collaborative con-
struction of artificial intelligence curriculum in primary schools. Journal of Engineering Ed-
ucation, 112(1), pp.23-42 (2023).

4. Qin Q: Hotspots and trends of higher education quality assurance research. In: 2022 3rd
International Conference on Modern Education and Information Management (ICMEIM
2022), pp. 4-9. Atlantis Press (2022).

5. Lake, B.M., Ullman, T.D., Tenenbaum, J.B. and Gershman, S.J.: Building machines that
learn and think like people. Behavioral and brain sciences, 40, pp. e253 (2017).

6. Liu J., Lin H., Wang X., et al: Reliable trajectory prediction in scene fusion based on spatio-
temporal Structure Causal Model[J]. Information Fusion,2024,107102309- (2024).

Course Quality Evaluation and Continuous Improvement Method             169



7. Filho S C L R, Brito K., Adeodato L J P: Leveraging Causal Reasoning in Educational Data
Mining: An Analysis of Brazilian Secondary Education[J]. Applied Sciences, 13(8) (2023).

8. Ma Z.G., Xu X.H., Liu X.E: Review of Three Analysis Frameworks for Causal Inference
and Their Applications. Journal of Engineering Science, 44(07), 1231-1243 (2022).

9. Hu J.W: Analysis of the Do Operator in Structural Causal Models [J]. Journal of Dialectics
of Nature, 46(06), 57-65 (2024).

10. Wang, S. and Chen, Y.: Rain classroom: a tool for blended learning with MOOCs. In Pro-
ceedings of the fifth annual ACM conference on learning at scale (pp. 1-2) (2018).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

170             Y. Kuang et al.

http://creativecommons.org/licenses/by-nc/4.0/

	Course Quality Evaluation and Continuous Improvement Method Based on Causal Inference



