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Factors Influencing the Final Exam Score in "Ecological Civilization Education"–A Pilot Course at Kaili University
ABSTRACT
With the development of modern industrial civilization, ecological and environmental problems have become increasingly prominent and have spread globally. To enhance people's awareness of ecological civilization and to popularize the concept, the Ecological Civilization Education course was piloted with students of different levels in Guizhou Province, China, in 2020. As the only university representative of the pilot institute, Kaili University has been offering the Ecological Civilization Education course to all first-year students every autumn semester since 2020. However, we do not know which factors have impacts on teaching effectiveness in this course and to what extent they influence teaching effectiveness. We collected data for this study from students at Kaili University from 2020 to 2023, and we analyzed 10 factors that may affect the final exam score in the course. The generalized linear model showed that there were differences in scores between genders, among students' majors, and between years of enrollment. Class size, the mean score on homework, and the attention rate had significant positive impacts on the final exam score. Students' participation and completed assignments did not have significant impacts. However, the percentage of completed assignments had a significant negative impact. The results indicate that assigning too much homework was detrimental to final exam score. Although our findings are based on a local sample, they have guiding significance for the future implementation of this course throughout China. 
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1. INTRODUCTION

With the development of modern industrial civilization, ecological and environmental problems such as global climate change, sharp declines in biodiversity, frequent acid rain, energy crises, ecological imbalances, greenhouse effects, and worsening desertification have become increasingly prominent (Hansen et al., 2018). Excessive technological activities have triggered a sustained and profound ecological crisis, posing severe challenges to human survival and development, and environmental issues have spread globally (Sun & Ding, 2024). 
With people's attention to environmental degradation and reflection on the relationship between the ecological environment and industrial development, the harmonious coexistence between humans and nature has gradually become a global consensus, and strengthening the construction of an ecological civilization has become an important topic and common responsibility worldwide (Yang & Wang, 2025). As an important manifestation of social progress, an ecological civilization is not only a concept of environmental protection but also a new development concept and way of life (Sun & Ding, 2024).
To promote and develop an ecological civilization, it is necessary to construct an ecological culture that can promote harmonious coexistence and common development between humans and nature. Since the 1960s, governments worldwide have begun to pay attention to environmental education issues, and some environmental education projects have also emerged in various countries with the aim of responding to global ecological crises. At present, countries such as South Korea, Japan, Brazil, and the United States have introduced special laws and regulations concerning environmental education (Yang & Wang, 2025).

To accelerate the legislative process for environmental education law, China has proposed ecological civilization education. In 2021, the Ministry of Ecology and Environment and six other departments issued the "Action Plan for Enhancing Citizens' Ecological Civilization Awareness through 'Beautiful China, I am an Actor' (2021-2025)", which incorporated ecological civilization education into the national education system (MEEPRC, 2021). In 2020, the Ecological Civilization Education course was piloted in some schools in Guizhou Province and quickly expanded nationwide. From kindergarten to university, the teaching of the Ecological Civilization Education course ran through every education stage (Liang et al., 2024, Liu & Li, 2024, Sun & Ding, 2024, Wang & Huang, 2024, Yang et al., 2024, Yang & Wang, 2025). Ecological civilization cases and ideas were also required to be integrated into classroom teaching in other courses (Sun & Ding, 2024), and information technology has been used to expand the scope of teaching with respect to an ecological civilization (Dong, 2024). In addition, China has launched the ecological civilization education base project, and the number of participants in ecological civilization education is increasing. From the initial environmental protection department, it has gradually covered multiple educational entities such as schools, governments, and families, truly implementing the national practice of ecological civilization (Yang & Wang, 2025).

Universities are important practice sites for ecological civilization education. As key institutions for talent cultivation, social service progress, and technology dissemination, they play a demonstrative role in promoting ecological civilization education, and they bear the historic responsibility to cultivate talent to build a beautiful China (Li et al., 2024, Liu & Li, 2024, Sun & Ding, 2024, Wang & Huang, 2024). The implementation of ecological civilization education in universities is in line with the strategic goals of the practical needs of social and economic development and the overall national development layout (Liu & Li, 2024).

In recent years, some scholars have conducted theoretical research on the potential influencing factors of teaching quality in the Ecological Civilization Education course. Some scholars have proposed suggestions for teaching the course from the perspectives of educational forms, teaching methods, teaching models, and practical aspects (Sun & Ding, 2024, Wang & Huang, 2024). Some scholars have proposed ensuring the effective implementation of the course from the perspectives of top-level design, a funding guarantee, organizational collaboration, coordination and overall planning, and enhanced teacher capabilities (Yang & Wang, 2025). Some scholars have proposed improving teaching quality in the course by establishing an education system and constructing a multidimensional linkage education pattern on the basis of the results of survey questionnaires distributed to multiple universities (Liu & Li, 2024). However, there have been no reports on which factors influence the teaching effectiveness in the course and to what extent. This study aims to explore the key factors affecting the final exam score in the course, providing a reference for teaching of this course in the future.
2. DATA SOURCES

On October 26, 2019, the Education Department of Guizhou Province hosted training on the new "Ecological Civilization Education" textbook, introducing the content of the textbook and the responsibility for trial use. Because the target audience of the textbook involves students of different levels, the representatives participating in the training included 40 teachers from one university (Kaili University), 51 teachers from 17 higher vocational colleges (3 teachers from each college), 30 teachers from 6 secondary vocational schools (5 teachers from each school), and 172 teachers from 172 primary and secondary schools (one teacher from each school). All the teachers were from Guizhou Province. The purpose of the training was to implement the teaching of the Ecological Civilization Education course in these schools as pilot institutes and to gradually expand and promote the course throughout China.
As the only university representative of the pilot institute, Kaili University has been offering the Ecological Civilization Education course to all first-year students every autumn semester (September-December) since 2020. The data in this paper were sourced from students at Kaili University from 2020 to 2023.

3. METHOD

3.1 Data Collection
At Kaili University, there were a total of 16 sessions (2 classes each time that the course was taught) of the Ecological Civilization Education course. Homework and final exams were both scored on a 100-point basis. Kaili University practiced online system management for the teaching of the course. That is student attendance, homework assignment and teacher correction, exam and exam score generation, classroom question answering, message notifications, and student viewing notifications were all completed in the online system. The teaching process and learning situation data could be directly exported from the system. This increased the convenience of the data sorting and classification for the study. We randomly selected data from some classes of first-year college students from 2020 to 2023 (Table 1). In total, we collected data from 60 classes (for class sizes, refer to Table 1) with 4382 students with 39 majors. 
Table 1. Influencing factors and definitions of students' final exam score in the Ecological Civilization Education course at Kaili University, China (The course was offered in the fall semester for the fresh students.)
	Influencing Factors
	Definition

	Gender 
	Male, female

	Students' majors
	Majors were classified based on the content of the knowledge system

	Year of enrollment 
	2020, 2021, 2022, and 2023

	Class size
	Usually, 1-4 natural classes were combined into a large class for teaching, and the class size was the total number of students in the large class

	Number of assignments
	The number of homework assignments assigned by each teacher (varied from 3 to 20 assignments)

	Completed assignments
	Number of assignments completed by students

	Percentage of completed assignments
	The percentage of times a student completed the assignments divided by the total number of assignments

	Mean score of homework
	The total score received by a student completing all homework divided by the total score on all homework assigned by the teacher

	Participation 
	Student participation in course learning included completing survey questionnaires, reading notifications, answering teacher questions in the classroom, evaluating the teaching effectiveness of the teacher, and reading materials. The teacher gave a score for participation for a student based on the overall situation 

	Attendance rate
	Students were required to scan a QR code with their mobile phones to sign in before class, and the attendance rate was the number of times of signing in divided by the total number of times that classes were offered.


3.2 Variables and Definitions
We used the final exam scores of students as the dependent variable to test the influence of 10 independent variables on the dependent variable. The 10 independent variables and their definitions are shown in Table 1. The students’ majors were divided into 4 categories, namely, liberal arts, science, engineering, and comprehensive disciplines, according to the content of the knowledge system. The majors included in the 4 major categories are shown in Table 2.
Table 2. Majors included in different major categories at Kaili University
	Attribute 
	Majors 

	Liberal arts
	Financial management, Chinese language and literature, economics, English, fine arts, social work, music performance, ideological and political education, tourism management, environmental design, visual communication design, ethnology, dance history, product design, music, hotel management, preschool education (liberal arts and science) 

	Science 
	Geography science, cost engineering, food science and engineering, biological science, mathematics and applied mathematics, chemistry, physics, materials science and engineering, pharmacy, horticulture 

	Engineering
	Electrical engineering and automation, computer science and technology, architecture, civil engineering, robotic engineering, automation, artificial intelligence, Internet of Things engineering, data science and big data technology, digital media technology, environmental engineering

	Comprehensive disciplines 
	Business administration, physical education, e-commerce, intangible cultural heritage protection, geographical information


3.3 Data Analysis 
We used a generalized linear model (GLM) to explore the impact of 10 variables on students' final exam score in the Ecological Civilization Education course. Three variables—gender, major, and year of enrollment—were treated as factors, whereas 7 variables—class size, the number of assignments, completed assignments, the percentage of completed assignments, the mean score on homework, participation and the attendance rate—were considered covariates. The target variable (score) data were uneven (Fig. 1); thus, we chose the Tweedie distribution in the GLM. We used the variance inflation factor (VIF) to test for multicollinearity between the 10 predictive variables (3 factors and 7 covariates); strong collinearity did not occur when the VIF of each predictive variable was < 10 (Zhang et al., 2007). When the “number of assignments” was removed, the VIF values of the 9 variables were < 2. We selected the best model through different link functions via the Bayesian information criterion (BIC). A model with a lower BIC value is better supported by the data (Raftery, 1995). 
Prior to comparing the means of any 2 or more than 2 datasets, we explored the normality of all the data with Kolmogorov‒Smirnov tests and their homoscedasticity with Levene’s test. For 2 datasets, if the data met the assumptions of normality and homoscedasticity, we used independent-sample t tests; otherwise, we used Mann‒Whitney U tests. For more than 2 datasets, if the data met the assumptions of normality and homoscedasticity, we used one-way ANOVAs; otherwise, we used Kruskal-Wallis H tests. 

Statistical analyses were carried out via SPSS 22.0 software (SPSS Inc., Chicago, Illinois, USA). The values are presented as the mean ± SD (standard deviation). The significance level is defined as α= 0.05. 
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	Fig. 1. Frequency distribution of final exam scores (maximum score: 100) for the Ecological Civilization Education course for first-year students (n=4382) at Kaili University from 2020 to 2023 


4. RESULTS
4.1 Relationships between Scores and Factors

The GLM (identity link) showed that gender had a significant effect on the final exam score in the Ecological Civilization Education course (Table 3), and boys’ scores were significantly lower than girls’ scores (β= -2.09, p< 0.001). Students' majors had a significant effect on scores. Compared with those of students majoring in comprehensive disciplines, the scores of students majoring in the liberal arts were significantly greater (β= 1.42, p< 0.001), whereas there were no significant differences between students majoring in science (β= 0.43, p= 0.337), engineering (β= -0.75, p= 0.084), and comprehensive disciplines. The year of enrollment had a significant effect on scores. Compared to students who enrolled in 2023, those who enrolled in 2020 (β= 4.03, p< 0.001), 2021 (β= 4.09, p< 0.001), and 2022 (β= 11.71, p< 0.001) had significantly greater scores. The class size (β= 0.03, p< 0.001), mean score in homework (β= 0.34, p< 0.001), and attention rate (β= 0.03, p< 0.001) all had significant positive impacts on the scores. Participation (β= 0.01, p= 0.626) and completed assignments (β= 0.07, p= 0.085) had a nonsignificant but positive effect on the score. However, the percentage of completed assignments (β= -0.05, p< 0.001) had a significant negative impact. Goodness-of-fit analysis revealed that the GLM fit the data well (χ2= 469.95, df = 4368, p= 0.108; Pearson’s chi-square test).
Table 3. Parameter estimates of factors influencing the final exam score in the Ecological Civilization Education course for first-year students at Kaili University from 2020 to 2023
	Parameter
	β
	SE
	95% Wald CI
	
	Hypothesis Test

	
	
	
	Lower
	Upper
	
	Wald χ2
	df
	p

	(Intercept)
	50.51
	1.00
	48.56
	52.46
	
	2574.97
	1
	<0.001

	[Sex = Male]
	-2.09
	0.26
	-2.59
	-1.58
	
	65.55
	1
	<0.001

	[Sex = Female]
	0a
	
	
	
	
	
	
	

	[Students' major = Liberal arts]
	1.42
	0.41
	0.62
	2.22
	
	12.17
	1
	<0.001

	[Students' major = Science]
	0.43
	0.44
	-0.44
	1.29
	
	0.92
	1
	0.337

	[Students' major Engineering]
	-0.75
	0.43
	-1.60
	0.10
	
	2.99
	1
	0.084

	[Students' major = Comprehensive disciplines]
	0a
	
	
	
	
	
	
	

	[Year of enrollment =2020]
	4.03
	0.45
	3.15
	4.90
	
	81.65
	1
	<0.001

	[Year of enrollment =2021]
	4.09
	0.44
	3.22
	4.95
	
	86.26
	1
	<0.001

	[Year of enrollment =2022]
	11.71
	0.39
	10.96
	12.47
	
	921.20
	1
	<0.001

	[Year of enrollment =2023]
	0a
	
	
	
	
	
	
	

	Class size
	0.03
	0.01
	0.02
	0.05
	
	18.69
	1
	<0.001

	Mean score on homework
	0.34
	0.01
	0.31
	0.36
	
	647.00
	1
	<0.001

	Attendance rate
	0.03
	0.01
	0.02
	0.04
	
	40.75
	1
	<0.001

	Participation
	0.01
	0.01
	-0.01
	0.02
	
	0.24
	1
	0.626

	Completed assignments
	0.07
	0.04
	-0.01
	0.16
	
	2.97
	1
	0.085

	Percentage of completed assignments
	-0.05
	0.01
	-0.07
	-0.03
	
	26.04
	1
	<0.001


a Set to zero because this parameter is redundant.
4.2 Score Differences between/among Factor Gradients
The final scores in the Ecological Civilization Education course for girls (78.10± 9.77) were significantly higher than those for boys (73.11± 10.75) (Z= -15.14, p< 0.001; Mann‒Whitney U test; Fig. 2). The mean final scores of students with different majors were ranked from high to low as follows: liberal arts (77.56± 10.35), science (75.61± 9.67), engineering (74.18± 11.22) and comprehensive disciplines (72.39± 10.28) (χ2= 126.69, df= 3, p< 0.001; Kruskal‒Wallis H test; Fig. 3). The mean final scores of students with different years of enrollment were ranked from high to low as follows: 2022 (80.60± 9.45), 2020 (77.75± 9.60), 2021 (77.21± 9.14) and 2023 (68.98± 9.84) (χ2= 805.25, df= 3, p< 0.001; Fig. 4).
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	Fig. 2. Quartile distribution of the final exam scores in the Ecological Civilization Education course by student gender at Kaili University. The cross in the chart represents the mean value. The same applies below.
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	Fig. 3. Quartile distribution of the final exam scores in the Ecological Civilization Education course by student major at Kaili University (L= liberal arts, S= science, E= engineering, C= comprehensive disciplines).
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	Fig. 4. Quartile distribution of the final exam scores in the Ecological Civilization Education course of first-year students at Kaili University from 2020 to 2023.


5. DISCUSSION
5.1 Factors Influencing Final Exam Scores
The motivation for learning, which is divided into intrinsic motivation and extrinsic motivation, comes from driving forces. Extrinsic motivation refers to learners’ expectation of receiving praise or avoiding punishment, which can be transformed into intrinsic motivation through the acquisition of a sense of achievement, rewards, or appreciation. Intrinsic motivation refers to learners’ desire for active learning due to their own curiosity, interest, and other factors. Research has shown that motivation can directly affect the frequency with which learners use learning strategies, the level of goal setting, and their perseverance in learning (Xavier et al., 2024). Students of different genders have different levels of academic performance due to their distinct learning motivations (Guo, 2009). In recent years, it has become increasingly common for girls to perform better than boys do in school in China (Sun et al., 2016). Moreover, the differences in academic performance between genders are related to the nature of the subjects (Sun et al., 2016). In terms of its subject, the Ecological Civilization Education course falls under the liberal arts, which may be more conducive to girls’ learning, judging from their higher final scores (Fig. 2). Students majoring in the liberal arts received higher mean final scores, which also demonstrates this point (Fig. 3). Large classes are usually composed of students majoring in the liberal arts; thus the greater the class size is, the higher the final score (Table 3). However, the significantly different scores by year of enrollment may be related to the varying difficulty levels of final exams. 
Time investment, task commitment, and perseverance have direct impacts on students’ academic performance, while learning diligence reflects an individual’s self-awareness and emotional investment in learning tasks (Lei et al., 2011). The mean homework score and attendance rate had significant positive impacts on the final score, indicating that diligence positively influenced academic performance (Table 3). However, fatigue caused by heavy learning tasks can lead to emotional suppression and have side effects on academic performance (Yuan & Wang, 2013). Exhaustion caused by completing too much homework led to a decline in the final score (Table 3).
5.2 Suggestions for the Course 
Scholars have mentioned that for the vast majority of people, ecological civilization educators should vigorously promote practical behaviors such as water conservation, the avoidance of littering, and civilized tourism (Wang, 2024, Yang & Wang, 2025). Therefore, we advocate that theoretical knowledge should be provided only to professional students or students at a certain stage, rather than to students at every stage from elementary school to university. Furthermore, the amount of homework in the course should be reduced, as too much homework becomes a psychological burden on knowledge acquisition (Yuan & Wang, 2013). 
6. CONCLUSION

Our research indicated that many factors affected the final exam score in the Ecological Civilization Education course at Kaili University. Moreover, we found that too much homework was not conducive to students’ academic performance, and this conclusion may also apply to other subjects. Therefore, teachers need to assign homework appropriately, rather than having students undergo excessive ineffective training. Our research was a case study, and the results were influenced by several factors, such as the research subjects, teaching methods and background. As a result, our findings are local in nature.
DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Authors hereby declare that NO generative Al technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

REFERENCES
Dong, W. W. (2024). The positive role of new media in ideological and political education in universities under the guidance of ecological civilization. Journal of Jianghan Petroleum University of Staff and Workers, 37(3), 84-86.

Guo, J. D. (2009). A study on the relationship between English learning motivation, academic performance and gender of postgraduate students. Foreign Language World, 5, 42-49.

Hansen, M. H., Li, H., Svarverud, R. (2018). Ecological civilization: interpreting the Chinese past, projecting the global future. Global Environmental Change, 53, 195-203.

Lei, H., Tian, L., Liu, Y. L. (2011). Relation between academic diligence and academic performance among senior high school students. Chinese Journal of School Health, 32(2), 168-169. 

Li, X., Li, Y., Huang, W. J. (2024). Practice of integrating Xi Jinping’s Thought on ecological civilization into college chemistry. Education and Teaching Forum, 38, 93-96.

Liang, J., Sun, J., Sun, Y. L. (2024). Analysis of ecological civilization education model and pathways in higher vocational colleges. Teaching of Forestry Region, 332(11), 64-67.

Liu, X. H., Li, K. (2024). The ecological civilization education in universities: the demand of the times, the practical problems and the way of practice- based on the investigation of 10 universities in Hunan. Journal of Yunmeng, 45(3), 116-124.

MEEPRC: Ministry of Ecology and Environment of the People's Republic of China (2021). Notice on issuing the action plan for enhancing citizens' ecological civilization awareness through 'beautiful China, I am an actor' (2021-2025). https://www.mee.gov.cn/xxgk2018/xxgk/xxgk03/202102/t20210223_822116.html. 
Raftery, A. E. (1995). Bayesian model selection in social research. Sociological Methodology, 25, 111-163.
Sun, Y. L., Ding, L. W. (2024). Effective path of ecological civilization education in colleges and universities. Teaching of Forestry Region, 333(12), 84-87.

Sun, Z. J., Peng, S. X., Wang, J., Yuan, Y. (2016). Who go ahead in academic competitions? Based on the research of gender gap in academic performance. Journal of Beijing Normal University (Social Sciences), 3, 38-51.

Wang, Q., Huang, D. (2024). The exploration of teaching reform of "Ecological Civilization Education" course in colleges and universities- take Guizhou University as an example. Course Teaching, 4, 115-117.

Wang, Y. J. (2024). Research on the construction of network ecological civilization in colleges and universities based on the perspective of ideological and political education. Journal of Science and Education, 622(22), 51-54.

Xavier, F. R. T., Pedro, I. A. C., Katherine, P. C. Torres, J. N. G. P. (2024). Academic procrastination in Ecuadorian University students: an explanatory model based on academic motivation. Heliyon, 10(24), e40787.

Yang, M. M., Dai, J. M., Sun, M. Q. (2024). Exploration of practical pathways for ecological civilization education in kindergartens. Journal of Shaanxi Xueqian Normal University, 40 (11), 40-50.

Yang, P., Wang, M. Y. (2025). Towards sustainable development: connotation definition, era mission and innovation path of ecological civilization education in China. Forum on Contemporary Education, in press.

Yuan, C., Wang, J. W. (2013). Analysis and exploration of the influencing factors of learning fatigue on learning efficiency. Journal of Tai Yuan Urban Vocational college, 8, 133-134.

Zhang, H. B., Jia, L. X., Li, L. (2007). SPSS treasure. Publishing House of Electronics Industry. 


