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  Abstract 
Objective: This study investigates the impact of the CDIO teaching model on 
self-directed learning and critical thinking skills among undergraduate nursing 
students during surgical nursing internships. Methods: A total of 198 under-
graduate nursing students were randomly assigned to an observation group 
(CDIO-based teaching) or a control group (traditional teaching methods). 
Learning outcomes, critical thinking, and self-learning abilities were assessed 
before and after the intervention. Results: In terms of self-motivation beliefs, 
task analysis, self-monitoring and regulation, and self-evaluation, the students 
in the observation group showed significantly better performance than those in 
the control group after the intervention (P < 0.05). The overall score of critical 
thinking ability in the observation group also increased markedly, with compre-
hensive abilities, theoretical knowledge, and operational skills significantly su-
perior to those in the control group, and the differences were statistically signif-
icant (P < 0.05). Conclusion: The CDIO teaching model effectively integrates 
theoretical knowledge with clinical practice, significantly improving the self-
learning capacity, critical thinking skills, and professional competencies of un-
dergraduate nursing students during surgical nursing internships. These find-
ings highlight the model's potential as a valuable approach to nursing education 
and its applicability for broader implementation. 
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Introduction 

Clinical internships are crucial for nursing education, especially in the training of undergraduate nursing students. As 
a foundational course, surgical nursing requires a focus on skill development and guiding thinking patterns during 
clinical internships. Traditional internship models often suffer from disconnection between theory and practice, as 
well as insufficient student initiative in learning. The CDIO educational philosophy emphasizes active inquiry and 
self-development, which can enhance students' self-learning and critical thinking skills. This study selected 198 un-
dergraduate nursing students from 2022 to explore the effectiveness of the CDIO teaching model in surgical nursing 
clinical internships, with detailed reports aimed at optimizing instruction and improving practical abilities of nursing 
students [1, 2]. 
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1. Data and methods 

1.1 General information 

This study selected 198 undergraduate nursing students who participated in clinical internships in surgical nursing 
between 2019 and 2021, randomly dividing them into an observation group (102) and a control group (96). There 
were no significant differences in age, gender, and educational level between the two groups (P > 0.05), making them 
a well-balanced and effective sample. The average age of the observation group was 20.70±1.74 years, with 96.08% 
being female; the average age of the control group was 20.64±1.51 years, with 96.88% being female. Both groups 
included both associate degree and bachelor’s degree or higher nursing students. This baseline data distribution pro-
vides an effective foundation for research on the effectiveness of the CDIO teaching model. 

1.2 Methodology 

The observation group adopted the CDIO teaching model, which includes posing questions, designing solutions, 
project management and teamwork, simulation implementation, and evaluation feedback. This model aims to en-
hance nursing students' innovative thinking, problem-solving skills, operational abilities, and self-assessment capa-
bilities. The control group used traditional teaching methods, focusing on theoretical instruction and operational 
demonstrations. Learning outcomes were assessed through theoretical exams, practical exams, and evaluations of 
self-learning abilities and critical thinking skills. All assessment results were processed and analyzed under statistical 
guidance [3, 4]. 

1.3 Evaluation indicators and judgment criteria 

This study established four evaluation indicators: theoretical and operational performance, autonomous learning abil-
ity, and critical thinking skills. A standardized scoring system and professional scales were used for assessment, with 
higher scores indicating stronger abilities. Each evaluation criterion includes multiple specific measurement items, 
with the total score serving as the basis for evaluation. By comparing changes in these indicators before and after the 
intervention, the effectiveness of the CDIO model is assessed. 

1.4 Statistical methods 

Data were analyzed using SPSS 22.0 statistical software. Continuous variables were expressed as mean ± standard 
deviation (SD) and compared between groups using t-tests. Categorical variables were presented as frequencies (n, %) 
and analyzed using chi-square tests or Fisher’s exact test, as appropriate. P-value < 0.05 was considered statistically 
significant, indicating meaningful differences between groups [5]. 

2. Outcome 

2.1 Baseline comparison 

Comparison of baseline data showed no statistically significant differences between the observation group and the 
control group in terms of gender, age, or educational level (P > 0.05). That is, the general situation of the two groups 
of nursing students before starting the internship was basically similar, which provided a fair starting point for the 
subsequent intervention effect comparison (Table 1). 

Table 1. Comparison of baseline data of two groups of nursing students before intervention 

Project Observation group (n = 102) Control group (n = 96) t/χ² P 

Age 20.70±1.74 20.64±1.51 t = 0.385 0.695 

Sex 
Man 4 3 

χ² = 0.499 0.967 
Woman 98 93 

Degree of education 
Junior college 48 40 

χ² = 0.459 0.759 
Bachelor's degree or above 54 56 
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2.2 Comparison of theoretical and operational scores of the two groups of nursing students before and 
after intervention 

Post-intervention comparisons revealed that the observation group achieved significantly higher scores in both theo-
retical knowledge and operational performance compared to the control group (P < 0.05). Specifically, the observa-
tion group demonstrated an average improvement of 7.84 points in theoretical scores and 9.9 points in operational 
skills (Table 2). 

Table 2. Comparison of theoretical and operational scores of nursing students before and after intervention ( x s± ) 

Project 
Theoretical grades 

 
Operational performance 

Before intervention After intervention Before intervention Before intervention 

Observation group 77.29±11.1 85.12±9.54 

 

74.25±11.42 94.36±8.67 

Control group 76.-2±10.65 78.28±11.57 75.74±10.62 84.46±9.74 

t price 0.845 4.545 0.945 7.565 

P price 0.395 0.005** 0.325 0.005** 

2.3 Comparison of self-learning ability of nursing students before and after intervention 

Self-learning abilities of nursing students in the observation group significantly improved in four key areas after the 
intervention: self-motivation beliefs, task analysis, self-monitoring and regulation, and self-evaluation. The total self-
learning score in the observation group was significantly higher than that in the control group (P < 0.05) (Table 3). 

Table 3. Comparison of self-learning ability of nursing students before and after intervention (score, x s± ) 

Project Observational group 
(n = 102) 

Control group 
(n = 96) t price P price 

Self-motivated beliefs 
Before intervention 53.95±7.44 53.32±7.39 0.625 0.532 

After intervention 60.9±3.87 57.02±4.89 4.956 0.000 

Task analysis 
Before intervention 20.16±5.82 20.47±5.94 0.335 0.738 

After intervention 25.95±3.70 23.40±4.21 4.581 0.000 

Self-monitoring and 
regulation 

Before intervention 36.20±3.7 36.15±3.10 0.182 0.856 

After intervention 40.90±2.3 38.51±2.46 7.552 0.000 

Evaluation 
Before intervention 14.41±4.98 13.57±4.03 1.345 0.180 

After intervention 16.79±2.72 15.49±3.89 2.798 0.006 

Total points 
Before intervention 125.73±11.64 123.49±12.78 1.307 0.193 

After intervention 144.65±7.92 134.67±9.95 7.851 0.000 

2.4 Comparison of critical thinking ability between two groups of nursing students before and after in-
tervention 

The critical thinking ability of students in the observation group improved markedly compared to the control group 
(P < 0.05) (Table 4). 
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Table 4. Comparison of critical thinking ability of nursing students before and after intervention (score, x s± ) 

Project 
Critical thinking ability total score 

Before intervention After intervention 

Observation group 302.22±16.14 332.61±24.15 

Control group 303.28±16.20 352.46±30.68 

t price 0.275 3.055 

P price 0.785 0.005 

3. Discussion 

When discussing the effectiveness of applying the CDIO teaching model to clinical internships in surgical nursing 
for undergraduate nursing students, it was found that its outcomes are significant and closely align with the new 
demands of 21st-century society. The CDIO educational philosophy emphasizes the entire process of "conception—
design—implementation—operation," integrating it into the teaching process to form a unique and efficient teaching 
model. 

The baseline data showed that there was no significant difference in basic information such as age, gender, and 
education level between the two groups before intervention, which ensured the homogeneity of the study. This bal-
anced sample basis provided strong support for the subsequent comparative analysis. 

After the intervention, both groups of nursing students showed improvements in both theoretical and practical 
scores, but the performance of the observation group was particularly outstanding. The data in Table 2 clearly demon-
strate that the improvement in both theoretical and practical aspects of the observation group was significantly better 
than that of the control group. This fully illustrates the advantages of the CDIO teaching model in enhancing the 
knowledge and skills of nursing students. Additionally, the observation group demonstrated significant progress in 
critical thinking abilities. After the intervention, the mean total score of critical thinking skills in the observation 
group saw a substantial increase compared to before the intervention, and it showed a greater improvement compared 
to the control group. This indicates that under the guidance of the CDIO teaching model, the critical thinking skills 
of nursing students have been greatly enhanced and improved. 

The application of the CDIO teaching model in clinical internships for undergraduate nursing students in surgical 
nursing has shown significant results. It not only helps enhance the theoretical knowledge and practical skills of 
nursing students but also significantly boosts their self-learning abilities and critical thinking skills. This teaching 
model focuses on cultivating students’ practical abilities and innovative thinking, aligning with the rapidly evolving 
global healthcare environment. 

In the context of ongoing reforms and updates in medical education, the CDIO teaching model, as an emerging 
educational approach, is gradually gaining widespread application worldwide. Empirical research has shown that the 
CDIO teaching model has unique advantages in enhancing the overall quality of nursing students. Therefore, it can 
be anticipated that in future teaching practices, the CDIO teaching model will have significant promotional value. 
Through continuous practice and improvement, it is hoped to further enhance the professional level of nursing stu-
dents in China, contributing more high-quality nursing professionals to the development of healthcare. At the same 
time, this also provides strong evidence and reference for the application and promotion of the CDIO teaching model 
in medical education across the Pearl River Delta and even nationwide. 

Autonomous learning ability refers to an individual’s capacity to proactively arrange and implement learning based 
on learning objectives, as well as to make self-adjustments and evaluations. In the study, after undergoing CDIO 
model-based learning, the self-directed learning abilities of the observed nursing students significantly improved. 
This was evident in various indicators of autonomous learning, including self-motivation beliefs, task analysis, self-
monitoring and regulation, and self-evaluation, all showing marked improvements [6-11]. 

The self-motivation beliefs of nursing students in the observation group improved to 60.9±3.87 after the interven-
tion, an increase of 6.95 points compared to before the intervention, significantly higher than the 57.02±4.89 of the 
control group. This indicates that under the influence of the CDIO teaching model, the self-motivation beliefs of 
nursing students have been significantly enhanced, with increased confidence in their own abilities, higher learning 
willingness, and motivation. 
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In terms of learning task analysis, the score of nursing students in the observation group increased to 25.95±3.70 
after intervention, significantly higher than the 23.40±4.21 points in the control group. This indicates that after learn-
ing through the CDIO model, their task analysis ability has been significantly improved, enabling them to better 
understand and master learning tasks and improve learning efficiency. 

In terms of self-monitoring and regulation ability, the average score of nursing students in the observation group 
increased to 40.90±2.3 after the intervention, significantly higher than the 38.51±2.46 points in the control group. 
This indicates that the CDIO teaching model can effectively enhance nursing students’ self-regulation ability, ena-
bling them to proactively adjust their learning state and strategies, thereby improving learning efficiency. 

In terms of self-evaluation skills, the scores of nursing students in the observation group increased to 16.79±2.72 
after intervention, significantly higher than the 15.49±3.89 points in the control group. This indicates that through 
learning the CDIO model, their self-evaluation skills have also been significantly improved, allowing them to more 
accurately assess themselves, identify their shortcomings, and provide direction for improvement. 

The CDIO teaching mode can effectively improve the independent learning ability of undergraduate nursing stu-
dents, which plays an important role in promoting the professional quality and ability of nursing students. It is worth 
further application and promotion in nursing teaching. 

The main focus is on the application effects of the CDIO teaching model in clinical internship teaching for under-
graduate nursing students in surgical nursing. Currently, the primary challenge in surgical nursing education is the 
lack of a systematic and standardized teaching model, which leads to a separation between theoretical knowledge and 
practical skills, resulting in weak clinical abilities. The CDIO teaching model emphasizes the cultivation of compre-
hensive capabilities, offering promise to address this issue. 

The nursing students in the observation group showed significant improvements in both theoretical and practical 
scores before and after receiving the CDIO teaching model intervention. In terms of theoretical scores, the observa-
tion group's performance improved by about six percent compared to the control group; regarding practical skills, the 
observation group's operational scores increased by nearly ten percent after the intervention (Table 2). This indicates 
that the CDIO teaching model can enhance nursing students’ mastery of theoretical knowledge and their operational 
skills. 

Autonomous learning ability is a crucial skill for individuals to acquire knowledge and solve problems in the vast 
ocean of information, which is particularly important for nursing students. The application of the CDIO teaching 
model has led to significant improvements in self-motivation beliefs, task analysis, self-monitoring and regulation, 
and self-evaluation among the observed group of nursing students (Table 3), indicating that the CDIO model helps 
enhance their autonomous learning abilities. 

The nursing process requires attention to and judgment of subtle changes in the patients’ condition, which demands 
excellent critical thinking skills from nurses. Through the teaching intervention using the CDIO model, the observa-
tional group of nursing students showed significant improvement in their critical thinking abilities, while there was 
no noticeable change in the control group (Table 4). This further confirms the effectiveness of the CDIO teaching 
model in enhancing critical thinking skills. 

The application of the CDIO teaching model in clinical internships for undergraduate nursing students in surgical 
nursing has improved their grasp of theoretical knowledge, operational skills, and self-learning abilities, making it a 
valuable reference for educational reform in nursing education. In the future, more excellent concepts and methods 
from the CDIO model can be drawn upon and introduced in the design and implementation of nursing education, to 
better cultivate high-quality nursing professionals who meet societal needs. 
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