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Background: As a convenient teaching tool, virtual simulation experiment technology had been widely utilized in the field of medical education. However, virtual learning could not fully replace the benefits of in-person instruction. Therefore, finding ways to integrate both methods was crucial for achieving optimal educational outcomes. The objective of this study was to compare the effectiveness of the self-built virtual simulation and design experiment combining teaching mode and the traditional experimental teaching mode in the clinical microbiology examination experiment teaching.

Methods: This study was conducted at Shandong First Medical University in China. The experimental group consisted of 100 third-year students from the grade 2020 majoring in medical examination technology, who underwent an innovative teaching model combining virtual and real experiments. The control group comprised of 100 third-year students from the grade 2019 in the same major, who received traditional experimental teaching model. In this study, we referred to grade 2020 as cohort 2020 and grade 2019 cohort 2019. The performance of both groups was assessed via experimental and theoretical testing. Meanwhile, survey questionnaires were administered to evaluate the efficacy of the innovative experimental teaching model and students’ level of satisfaction with it. Cohort 2020 conducted a survey for modules 1 to 4, while cohort 2019 only conducted a survey for module 4, as detailed in the Appendix.

Results: The majority of students in the experimental group expressed satisfaction with the teaching model that combined virtual and real experiments, as evidenced by their superior performance on both experimental operational skills (87.54 ± 8.93 vs. 82.39 ± 10.55) and theoretical knowledge tests (83.65 ± 9.02 vs. 80.18 ± 8.24) compared to those in the control group.

Conclusion: The combination of virtual simulation experiment and design experiment in the microbiological examination of clinical specimens represented an effective pedagogical approach. The instructional approach had the potential to incite a passion for learning, enhance proficiency in standardized experimental techniques, foster the ability to integrate theory with practice, and cultivate clinical reasoning skills.
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1 Introduction

Clinical microbiology examination was a specialized course for students majoring in medical examination technology that primarily focused on the biological characteristics of pathogenic microorganisms and methods for microbial examination (1, 2). The theoretical knowledge of this course provided the necessary evidence for the diagnosis of diseases associated with microbial infections, which was important for detecting pathogenic microorganisms using standardized experimental techniques (3). However, challenges existed in the course. Firstly, students had insufficient time to practice and consolidate their learning from the class due to limited hours allocated for practical sessions. Secondly, the traditional experimental teaching approach was primarily focused on verification experiments, which posed a challenge for students to effectively integrate theory with practice and enhance their practical skills. Thirdly, the biosafety regulations of the laboratory made it impossible to detect pathogenic microorganisms, which restricted students’ ability to detect such microorganisms.

It was acknowledged that virtual simulation technology was a convenient and effective tool. The virtual simulation experiment was designed to meet the objectives of experimental teaching and replicate real-world experimental environments (4, 5). Students engaged in immersive and realistic virtual experiments through human-computer interaction, and acquired necessary skills for independent practice when learners responded in what they perceived as realistic (6, 7).

However, the virtual simulation technology had the limitation that it could not be operated in real experiment (8). Therefore, it was of paramount importance to integrate virtual simulation experiments with actual ones and fully leverage the benefits of the former (9–11). The substitution of virtual for real could compensate for experiments that could not be conducted due to biosafety concerns or other reasons, while combining both approaches could effectively broaden and deepen experimental teaching.

This study aimed to compare the effectiveness of the self-built virtual simulation and design experiment combining teaching mode and the traditional experimental teaching mode in the clinical microbiology examination experiment teaching.



2 Research methods


2.1 Object of study

The study received approval from the Research and Ethics Committee of Shandong First Medical University. 100 third-year students enrolled in 2019 majoring in medical examination technology served as the control group and received conventional teaching methods without virtual simulation experimental platform training, offline discussion, and design experiment for microbiological examination of clinical specimens. The experimental group consisted of 100 third-year students enrolled in 2020 majoring in medical examination technology received these additional training methods named “the integration of virtual and reality “. To provide equal opportunity for both control and experimental groups with both learning opportunities, the virtual simulation experiment website was published to guide the students of cohort 2019 to carry out virtual simulation experiment after collecting the data for this study. In addition, offline discussion and design experiment were given in spare time.



2.2 Teaching strategies

The experimental instructional design consisted of two parts of virtual simulation experiment operation and real experiment, as illustrated in Figure 1. Both groups received theoretical and experimental training from the same teacher, respectively.

[image: Figure 1]

FIGURE 1
 Flow chart of the teaching model of combining virtual simulation and real experiment.



2.2.1 Virtual simulation experiment operation


2.2.1.1 Construction of the virtual simulation experiment

An innovative virtual simulation experiment named “Detection of Vibrio cholerae” was developed based on current challenges in experimental teaching of clinical microbiology examination. This virtual simulation covered the clinical significance, laboratory detection and results of Vibrio cholerae. The laboratory detection was comprised of 13 microbiology test experiments, including morphological examination, isolation culture, biochemical reaction, drug sensitivity testing and serological testing of bacteria. It covered nearly all the experimental operation method of the course. More importantly, the experimental operation method of the self-created virtual simulation experiment was standardized and scientific, which effectively enhanced students’ proficiency in conducting standardized microbiological experiments.



2.2.1.2 Design concept of self-created virtual simulation experiment

The diagnosis and treatment process of cholera patients was taken as the main focus throughout the entire virtual simulation experiment. It simulated the microbiology diagnostic working process from specimen reception and processing to laboratory examination, result report, and emergency treatment of cholera patients in a clinical laboratory, which closely integrated experimental teaching with clinical practice to cultivate students’ clinical thinking. The interest in learning of student could be enhanced by presenting a doctor-patient dialogue that covered the symptoms, prevention and prognosis, as well as emergency treatment of cholera and the integration of the theory and practice. Additionally, an animated presentation on the classification, transmission route, pathogenic mechanism and clinical manifestations of Vibrio cholerae provided a multi-dimensional stimulation for students to achieve better learning outcomes.



2.2.1.3 Learning process of virtual simulation experiment

Students logged in the virtual simulation experiment using their individual login credentials, where they were introduced to the clinical significance of Cholera before proceeding to engage with two distinct modules: “guidance” and “assessment.” The former provided a detailed breakdown of each experimental step, allowing beginners to follow along and learn through practical application. Students could move on to the latter module and conduct their own assessments after getting comfortable with the process. The system evaluated students’ operational proficiency to assess their learning outcomes. The “guidance” and “assessment” modules could be interchanged and repeated until all knowledge points were fully grasped. The result-oriented teaching approach were promoted to encourage student to learn actively.



2.2.1.4 The learning arrangement of virtual simulation experiment

Students were instructed to commence the virtual simulation experiment during the fourth week of instruction, followed by an online assessment in teaching week 6. In teaching week 7, teachers and students jointly participated in offline case discussions regarding Vibrio cholerae identification. In teaching week 8, students completed group-experimental reports on Vibrio cholerae identification, which systematically honed their clinical thinking skills. In teaching week 9, the teacher corrected the experiment reports and gave feedback to students.




2.2.2 Design experiment for microbiological examination of clinical specimens


2.2.2.1 Collect clinical cases and prepare specimens

The three clinical cases were presented in Table 1, and simulated clinical specimens had been prepared beforehand.



TABLE 1 The case information for clinical specimen design experiment.
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2.2.2.2 Organize students into groups

The 100 students were divided into three laboratories, with each lab consisting of nine groups with three to four students. The cases were randomly selected and evenly distributed among the groups, ensuring that every third group received the same case. Each laboratory was staffed by a trained teacher for guided laboratory operations, all of whom followed the same teaching program.



2.2.2.3 Conduct experimental design

According to the selected cases, students were grouped to complete the experimental program design for pathogenic microorganisms’ detection of clinical specimens during the 10th teaching week. One week later, the 3 student groups were assigned to the same case discussed and complement each other, reached a consensus, and improved and perfected experimental program design, then all perfected experimental program designs were submitted to the Chinese University MOOC platform. In the 12th teaching week, the group self-evaluation, inter-group mutual evaluation (according to the scoring scale) and teacher evaluation were completed online within 3 days, and on days 4–5, teachers provided feedback on the experimental program designs, and on days 6–7, students made improvements based on this feedback and resubmitted their work online.



2.2.2.4 Perform experimental operation

In the 13th week of instruction, students executed experimental procedures based on the aforementioned improved design programs and completed pathogenic microorganisms’ detection in simulated clinical specimens. The instructor provided appropriate guidance.



2.2.2.5 Write the experimental report

In the 14th teaching week, the experimental report must be finalized and submitted online. During the 15th week, group self-evaluation, inter-group mutual evaluation and teacher evaluation based on the rating scale were completed.



2.2.2.6 Summary and feedback

In the 15th teaching week, teachers provided a summary and feedback on experimental program design, operation, and experimental report.






3 Student assessment

Student assessment comprised laboratory test, theoretical test, and questionnaires administered after the teaching. The laboratory test aimed to evaluate students’ proficiency in experimental techniques such as gram staining, oxidase testing, and catalase testing. The theoretical test was conducted in a closed-book format that assessed basic theoretical knowledge and clinical case analysis ability. The small program named Questionnaire Star was used for questionnaire survey.


3.1 Statistical analysis

The experimental and theoretical test scores of both the control and experimental groups were inputted into SPSS 25.0 software (SPSS Inc., Chicago, Illinois, United States). The data was presented as means ± standard deviations. Independent t-test was used for continuous variables such as age and test scores. Chi-square test was employed for categorical variables such as sex (male/female). A significance level of p < 0.05 was utilized.




4 Results


4.1 Comparison of course grades between the two groups

The 100 third-year students from the cohort 2020 majoring in medical examination technology were assigned to the experimental group, and 100 third-year students from the cohort 2019 majoring in medical examination technology were assigned to the control group. The two groups were comparable in terms of age and sex distribution (Table 2). Results of course grades showed that students in the experimental group outperformed those in the control group on both practical skills test (87.54 ± 8.93 vs. 82.39 ± 10.55) and theoretical test (83.65 ± 9.02 vs. 80.18 ± 8.24) at the end of the term, as presented in Table 3.



TABLE 2 The basic information of students in experimental cohort 2020 and control cohort 2019.
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TABLE 3 Comparison of the course grades of theoretical test and experimental skills test between students in experimental cohort 2020 and control cohort 2019.
[image: Table3]



4.2 Questionnaire results of virtual simulation experiment in experimental group

At the end of the term, one hundred questionnaires regarding virtual simulation experiment were distributed to students in the experimental group. All questionnaires were retrieved, resulting in a 100% recovery rate (Table 4). The result of the questionnaire survey indicated that our self-created virtual simulation experiment for Vibrio cholerae detection had provided a highly effective learning experience. The survey results showed that 90% of students thought that the virtual simulation experiment was easy to understand, and approximately 78% of students acknowledged that the navigation and instructions offered by the program facilitated their understanding. Additionally, the survey results displayed that 90% of students praised the video and audio quality of this virtual simulation experiment. The results also turned out that 92% of the students perceived virtual simulation experimental examination as more equitable and objective than traditional experimental examinations, and almost 89% of students believed that virtual simulations were beneficial for both practical operation learning and theoretical knowledge consolidation. Furthermore, results of the survey revealed that 75% of the students felt that virtual simulations provided a lifelike experience with better time management, and they also reported feeling actively engaged in the process. In the end, about 85% of the students expressed satisfaction with the virtual simulation experiment.



TABLE 4 Results of a questionnaire on the learning experience in virtual simulation experiments of the students in experimental cohort 2020.
[image: Table4]



4.3 Questionnaire results of a design experiment for microbiological examination of clinical specimens in experimental group

In the same way, the design experiment questionnaire for microbiological examination of clinical specimens in the experimental group was completed with a 100% recovery rate, similarly as shown in Table 5. The survey results indicated that 85% of the students were able to complete their team tasks within the given timeframe, and approximately 78% of the students believed that timely feedback from both group members and teachers was beneficial in enhancing their learning experience. Furthermore, there were 81% of the students reported an increase in interest towards learning as a result of the participation in the experiment. Moreover, survey results displayed that 89% of the students noted that all team members actively participated during the experiment. Finally, up to 90% of the students expressed pride in independently completing pathogenic microorganisms’ detection on clinical specimens.



TABLE 5 Results of a questionnaire for a design experiment of the microbiological examination of clinical specimens of experimental cohort 2020.
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4.4 Questionnaire results of virtual and real experiment combined teaching method in experimental group

Table 6 presented the results of a questionnaire assessing the effectiveness of the combination virtual and real experiments in teaching Clinical Microbiology Examination. The majority (90%) of students expressed satisfaction with the learning resources provided by virtual simulation experiments and clinical specimen examinations, while 84% agreed that the combination of such simulation and offline discussion facilitated the completion of microbiological examinations. Additionally, there were 78% of the students were satisfied with the experimental design scheme that integrated virtual simulation and microbiological examination of clinical specimens. More importantly, the results showed that 89% of the students believed that this combination facilitated their understanding of microbiological testing concepts for clinical specimens, enhanced their clinical thinking abilities, and proved to be an effective teaching method in Clinical Microbiology Examination.



TABLE 6 Questionnaire results of virtual and real experiment combined teaching method of experimental cohort 2020.
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4.5 Questionnaire results of learning effectiveness satisfaction levels of two student groups

Table 7 presented the results of a questionnaire on learning effectiveness satisfaction levels of two student groups. A total of 200 questionnaires were distributed and returned, resulting in a 100% response rate. The survey findings indicated that the experimental group reported higher levels of satisfaction than the control group with respect to “keen interest in learning,” “rudimentary knowledge acquisition,” “standardized experimental techniques,” “development of clinical thinking skills,” “integration of theory and practice,” “self-directed learning improvement,” and “strengthening communication skills,” the difference was statistically significant (p < 0.05).



TABLE 7 The comparisons of the learning effectiveness satisfaction levels of experimental cohort 2020 and control cohort 2019.
[image: Table7]




5 Discussion

In this study, the efficacy of teaching model of combining virtual simulation and real experiment for Clinical Microbiology Examination were studied. During the experiment, students in the experimental group performed a “the integration of virtual and reality “and online discussions, while the control group received only traditional teaching methods without above training. The questionnaires covered four aspects: the learning experience in virtual simulation experiment and a design experiment of the microbiological examination of clinical specimens, the effectiveness of virtual and real experiment combined teaching method, learning effectiveness satisfaction levels. And results were collected and analyzed. Results showed that experimental group students had higher scores in both practical skills test and theoretical test than the control. It indicated that the innovative “the integration of virtual and reality “improved students’ mastery of knowledge and skills. The survey results also reported that approximately 85 and 90% of the students expressed satisfaction with the virtual simulation experiment and the design experiment for microbiological examination of clinical specimens, respectively. More importantly, about 89% of the students believed that “the integration of virtual and reality “were helpful to the understanding and learning of the clinical microbiology examination. Above results could be attributed to the repetitive training provided by virtual simulation and students’ interests in design experiment (12–15). As virtual simulation could be considered for just-in-time training before exposure to traditional lab activities, for specific skill acquisition using deliberate practice (16, 17). Therefore, by integrating virtual and realistic experiments, the professional skills mastered by learners in the virtual simulation environment could be applied to specific practice, which could effectively improve the understanding of knowledge. Results from the learning effectiveness satisfaction survey on two groups of students showed that compared to the control group, the experimental group exhibited stronger learning motivation, higher professional competence, and enhanced clinical thinking ability as well as improved capacity in integrating theory with practice. These findings aligned with prior research highlighting higher student satisfaction with virtual simulations (18, 19).

Compared with previous studies (19–22), our approach incorporated offline discussion on the basis of virtual simulation, and more importantly, combined virtual simulation with real experiment. The microbiological detection experiment of clinical specimens was carried out after further sorting out the knowledge, skills learned from the virtual simulation experiment and clinical thinking of microbial detection through offline discussions, which enabled the conversion of theory into practice and solved the problem of converting virtual simulation into actual operation to a certain extent. However, there were limitations in this study. First, because there was only one teaching class of medical examination technology majored in our school each year, the control group in this study could only use the learning data of cohort 2019 students to conduct quasi-experimental research, rather than experimental research, which might cause some bias in the results. Second, the teaching reform had only been tried in one teaching class and needed to be carried out several more times to collect more data to ensure the reliability of the results.

In summary, this study adopted a results-oriented approach to address teaching challenges and enhance students’ learning abilities. By integrating virtual and real experiments and leveraging their respective advantages, it motivated learners, improved proficiency in standardized experimental techniques, fostered the integration of theory with practice, and cultivated clinical reasoning skills. Therefore, the pedagogical framework of combining virtual and real methods was highly effective, and it was worth popularizing and applying in similar courses. In the future, studies would be conducted on the attention of a single variable, such as designing experiments to explore which of the influencing factors plays a major role.
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1. Could you complete your team tasks on time? 85(85.0) 10(10.0) 5(5.0)
2. Had your group members and teachers provided timely and effective feedback

78(78.0) 12(12.0) 10(10.0)
to enhance your learning experience?
3. Would this experiment enhance your learning motivation? 81(81.0) 16 (16.0) 3(3.0)
4.Did the participants in your group actively participate in the experiment? 89(89.0) 9(9.0) 200)
5.Were you proud of independently completing the detection of pathogenic

e ey S RS 90 (90.0) 8(8.0) 200)

‘microorganisms in clinical specimens?
6.Would this experiment acquaint you with the workflow of the clinical

90 (90.0) 7(7.0) 3(3.0)

‘microbiology laboratory?
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1. Were the learning resources provided by the virtual simulation experiment and

90 (90.0) 5(5.0) 5(5.0)
microbiological examination of linical specimens satisfactory to you?
2. Did the utilization of virtual simulation experiment and offline discussion
contribute to the successful completion of microbiological examination on clinical 84(84.0) 12(120) 4(4.0)
specimens?
3. Were you satisfied with the experimental teaching approach that integrated

78 (78.0) 16 (16.0) 6(6.0)
virtual simulation and microbiological examination of clinical specimens?
4.Did virtual simulation and microbiological examination of cl

89 (89.0) 9(9.0) 2(20)
help you understand the ideas for microbiological testing of clinical specimens?
5. Did you agree that the teaching method of virtual and real experiment combined

89(89.0) 7(7.0) 4(4.0)
can improve clinical thinking and the ability to combine theory with practice?
6. Did you think that the combine of virtual and real experiment is an effective

89(89.0) 10 (10.0) 1(1.0)

teaching method in clinical microbiology examination?
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