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This study explores the implementation and evaluation of online and offline blended teaching model in the Clinical Laboratory Hematology (CLH) laboratory course at Chengdu Medical College. To this end, 90 students majoring in medical laboratory technology in 2020 were selected as research subjects and randomly divided into experimental and control groups. The experimental group adopted an online and offline blended teaching model, while the control group adopted a traditional one. After-class tests, laboratory examinations, questionnaire surveys, and student interviews were conducted to evaluate the teaching effectiveness. The average scores of both tests and examinations in the experimental group were significantly higher than those in the control group (p < 0.05). Furthermore, the results of the feedback questionnaire showed that the satisfaction and self-evaluation of the learning effect of students in the experimental group were significantly better than those in the control group (p < 0.05). The blended teaching model has been successful and popular in CLH. This is a useful teaching mode worth applying to laboratory teaching in medical courses.
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Introduction

During the past 3 years of Corona Virus Disease 2019 in China, the medical laboratory profession has responded magnificently to various challenges (Zhang et al., 2020). Education in medical laboratory is also required to improve the quality of talent training to address these challenges. Clinical Laboratory Hematology (CLH) is one of the core professional courses in medical laboratory and is recognized as practical, intricate, and multidisciplinary (Rizk, 2018). Students in this course are required to develop practical skills, especially in cell morphology recognition.

Clinical Laboratory Hematology is generally divided into theoretical and laboratory courses. In the traditional laboratory classroom, the teacher first gave a short lecture referring to key and difficult aspects of the current laboratory course. Subsequently, the students followed instructions to observe marrow cell morphology with marrow smears through microscopes step-by-step (Bian et al., 2018). However, the majority of the bone marrow smears and microscopes in use are outdated, primarily due to two main reasons. First, the bone marrow smears utilized in our course’s laboratory teaching have deteriorated in quality over time from extensive use and cleaning, which significantly impacts students’ experiences when examining slides under the microscope. These slides are mostly provided by clinical technicians from the affiliated hospital’s laboratory department. The high demand for teaching slides, coupled with the time-consuming processes of slide preparation and staining, and the busy schedules of clinical technicians, result in a delay in replenishing and replacing the aging teaching materials. Second, the frequent use of microscopes has led to severe wear and tear, further affecting students’ slide-reading experiences. The high cost of microscopes and the large quantities required for procurement also mean that it is impractical to replace outdated microscopes in a timely manner. This situation has led to a concerning finding: after completing the course, most students exhibit weak cell morphology recognition skills. This deficiency in basic skills has a domino effect, resulting in weaker practical skills during the clinical practice stage. Moreover, this presents a significant challenge for CLH educators, who must address the issue of outdated teaching materials and equipment to ensure that students develop the necessary skills for their future careers in clinical.

The online and offline blended teaching aims to lead students from a superficial to a deep and full understanding of the courses. It offers a promising way of transforming teaching methods in educational careers and has been reported to positively affect many subjects (Guillén-Gámez et al., 2024; Palacios-Rodríguez et al., 2025; Talan et al., 2024; Goldberg and Crocombe, 2017; McLaughlin et al., 2015). With the spread of wireless fidelity on Chinese campuses and the increasing availability of online teaching systems and platforms, educators at Chinese universities are instigating a wave of blended teaching reforms (Shang and Liu, 2018).

The flipped classroom is a pedagogical approach where learning activities are rearranged to be effective in providing the educators more face-to-face interactions with students (Fatima et al., 2017; Rotellar and Cain, 2016). This teaching method is constructively based on the student-centered teaching concept, and gives full play to students’ subjective initiative, so as to improve the learning outcomes (Cho et al., 2021; Dooley et al., 2018).

To improve students’ learning effect of laboratory courses in CLH as well as skills in cell morphology recognition and study motivation, an online and offline teaching model with flipped classroom for our laboratory course has been designed and implemented in the medical laboratory major of our school. Meanwhile, the implementation effect was evaluated by an after-class test, laboratory examination, questionnaire survey, as well as student interviews and compared with the traditional teaching model.



Materials and methods


Participants

This study was conducted at the School of Laboratory Medicine at Chengdu Medical College. Accordingly, 90 undergraduates in the third grade majoring in medical laboratory technology were selected as research subjects. Subsequently, 30 students from Class 1 were divided into an experimental group using online and offline blended teaching model with flipped classroom. The remaining 60 students, Classes 2 and 3, were divided into control group, using a traditional teaching model, respectively. Students from the three classes were evenly assigned to parallel classes based on their college entrance examination scores, including Chinese, Mathematics, English and Science Comprehensive subjects scores. There were no significant differences in age or sex between the two groups (p > 0.05, Supplementary material). All students took theory courses in CLH in the same class. All procedures in this study were approved by the Ethics Committee of Chengdu Medical College, and informed consent was obtained from all students (2021NO. 09).



Teaching method


The online and offline blended teaching model

The experimental group used blended online and offline teaching model. A blended teaching model was built using an online cell morphology resource library.1 The online resource library contains both normal and pathological marrow cell morphology related to textbooks. Students can view the photographs of single marrow cells and the marrow images in an online resource library with a magnifying or contractible view. The correct answers of the cells were clicked to reveal. Thus, the problem of time-worn marrow smears and microscopes was solved online.



Teaching content

According to the teaching objectives, syllabus, and textbook content, important laboratory teaching content of cell morphology was selected using the online and offline blended teaching model with flipped classroom (Table 1).



TABLE 1 The difference between the on-line and off-line blended teaching model and traditional teaching model.
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Teaching implementation


Before laboratory class

In the CLH curriculum system, the students acquired cell morphology knowledge in theory courses and then practiced in the laboratory class to develop cell morphology-recognized skills. For example, the teaching content of the first laboratory class included normal marrow cell morphology, including granulocytes, normoblasts, and megakaryocytes. First, the teacher taught professional knowledge of cell morphology in a theory class. After the theory class, the teacher uploaded the learning goals of the laboratory class to the online teaching platform and required students to look through the cell morphology online to preview before the laboratory class.



In laboratory class

First, knowledge review: the teacher systematically summarized the key and difficult aspects of morphology taught in theory class. Then, an observation assignment was given to the students to finish in class.

Second, online observation of cell morphology: the students used an online resource library to observe marrow cells. Offline observation of cell morphology: the students observed marrow cells with marrow smears using a microscope. Either through online or offline observation, students could communicate with the teacher at once if they had any questions about the marrow cell morphology they were observing.

Finally, flipped classroom: during the last 40 min of the class, the teacher set up several questions or a case analyses of the current class’s teaching content. Students then worked in groups to discuss and analyze the questions and case raised by the teacher and used the morphological knowledge they had mastered to answer and solve the problems. Teachers would correct their mistakes and supplement their answers.



After laboratory class

Students were required to review the cell morphology learned in class using an online resource library after class.



The traditional teaching model

The control group used a traditional offline teaching model. The control and experimental groups were taught by the same teacher, and the teaching content and duration were the same. However, students in the control group observed marrow cells with marrow smears through microscopes without an online resource library. Finally, the teacher made a summary speech on the students’ performance in the classroom. Additionally, students are also required to preview and review laboratory learning content before and after class using textbooks instead of the online resource library.




Effect evaluation


The after-class test

After each laboratory class, as shown in Table 1, approximately 10 choice questions were selected to test the students’ skills in cell morphology recognition. Next, we compared the average test scores of the two groups using the different teaching models.



The laboratory examination

After completing the whole laboratory course, a laboratory examination was conducted to evaluate students’ mastery of cell morphology recognition skills. The examination contained 10 choice questions about normal marrow cell morphology and 10 choice questions about pathologic marrow cell morphology. Finally, the average test scores of the two groups were compared.



The questionnaire survey

At the end of the course, a questionnaire was distributed to students in the form of an online electronic questionnaire. Students completed the questionnaires independently and anonymously. The questionnaire was designed based on validated questionnaires from previous studies (Diel et al., 2021; Hameed et al., 2020). The responses were scored using a 5-point Likert scale (ranging from 1 = strongly disagree to 5 = strongly agree) to evaluate the satisfaction and learning effects of the teaching models on students. The reliability of the scale was assessed using Cronbach’s alpha (Bian et al., 2018). The Cronbach’s alpha for the student satisfaction questionnaire on the current teaching model and the self-assessment questionnaire on learning effectiveness are 0.89 and 0.86, respectively.




Statistical analysis

Data were statistically analyzed using the SPSS software (version 25.0; International Business Machines Corp., Armonk, NY, USA). Both the test and examination scores were analyzed using an independent sample t-test. The Wilcoxon signed-rank test was used to compare questionnaire survey responses between the two groups. The distribution of the questionnaire scores was skewed. p < 0.05 is considered statistically significant.




Results


After class test score

As shown in Figure 1, the average test score of the experimental group was significantly higher than that of the control group (p < 0.01, Figure 1).

[image: Figure 1]

FIGURE 1
 Comparison of average scores in after-class tests and laboratory examinations between experimental and control groups. *p < 0.05, **p < 0.01 vs. Control group.




Experimental examination score

Furthermore, the experimental examination score was significantly higher in the experimental group than in the control group (p < 0.05, Figure 1).



Students’ questionnaire results

We sent 90 copies of the questionnaires to the students, and 90 copies were received, with a recovery rate of 100%.

Table 2 shows the two groups of students’ responses to their satisfaction with the current teaching model. We found that the degree of satisfaction in the experimental group was much higher than that in the control group. In addition, to determine how satisfied students were with the frequency of online laboratory classes and the online cell morphology resource library, we designed questions 4 and 5 for the experimental group students only. It was found that 90% of the students in the experimental group were satisfied with the frequency of online classes. Subsequently, 93.33% of the students were satisfied with the online library.



TABLE 2 Responses from students regarding the satisfaction to current teaching model.
[image: Table2]

Moreover, the Wilcoxon test showed that higher scores for the three questions were obtained in the experimental group than in the control group (p < 0.01) (Figure 2). Compared with the traditional teaching model, the degree of satisfaction of students with the blended teaching model was significantly improved (p < 0.01), including greater satisfaction with the teaching content (p < 0.01) and organization and preparedness for laboratory courses (p < 0.01). These results suggest that the novel teaching model was more popular than the traditional one.

[image: Figure 2]

FIGURE 2
 Comparison of course satisfaction scores between experimental and control groups. **p < 0.01 vs. Control group.


The results of the feedback survey administered to students regarding the learning effects of the current teaching model are summarized in Table 3. The Wilcoxon test showed that the blended laboratory courses exhibited more positive scores for each of the five questions relative to the neutral response value (p < 0.05) (Table 3 and Figure 3), indicating that students with blended teaching model had better self-evaluations of learning effects than those with the traditional model.



TABLE 3 Responses from students regarding the self-evaluation in learning effect.
[image: Table3]
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FIGURE 3
 Comparison of self-evaluation in learning effect scores between experimental and control groups. *p < 0.05, **p < 0.01 vs. Control group.





Discussion

It is widely believed that Clinical Laboratory Hematology, with its tedious and intricate content, covers a wide range of disciplines (Qutob, 2022). Furthermore, marrow smears and microscopes used in nearly all laboratory classes were too dated for practical use. As a result, the traditional laboratory course further reduced students’ learning enthusiasm and initiative. Thus, students could not understand or master morphology knowledge, and their cell morphology recognition skills were weaker, which was a major challenge for educators.

This study aims to explore how to apply the online and offline blended teaching model in a CLH laboratory course to make difficult and tedious content easier to understand. Thus, students can improve their learning effect and enhance their practical skills in cell morphology recognition. Moreover, the application effect of this teaching model was evaluated through tests and questionnaire surveys, then compared with the traditional teaching model. The multidimensional evaluation indicators revealed that the teaching effect of the novel model was significantly better than that of the traditional teaching model (p < 0.05).

It is reported that blended teaching provides better teaching outcomes than either offline or online teaching alone (Liu et al., 2016; Vallée et al., 2020), consistent with our study. The blended teaching model was significantly different from the traditional model in terms of the design before class, in class, and after class (Bajpai et al., 2019; MacNeill et al., 2023). First, a preview section was created before the class. According to the learning goals uploaded by the teachers online in advance, the students were required to scan the morphology content online for a preview. Therefore, students’ fear of tedious and difficult morphological knowledge was appropriately reduced.

The second was a class study section. As shown in Table 1, we set up online classes before offline classes, and the content of the online classes was easier than that of the offline ones. In the online class, students were required to observe single cells first and then observe the marrow images after gaining a certain understanding of single-cell morphology. They must recognize the cells by themselves and then click on the cell to view the answers. After completing one or more online laboratory classes, students were arranged to take one offline class to observe marrow smears with microscopes. This arrangement of laboratory courses conformed to students’ cognition so that they acquired the knowledge and mastered the skills which were considered tedious and difficult well (Chen et al., 2020; Shang and Liu, 2018). In addition, we conducted a classroom interaction as a flipped classroom in the last period of the class. This can significantly stimulate students’ enthusiasm for learning and develop their abilities to analyze and solve problems (Granero Lucchetti et al., 2018; Zhang et al., 2019).

Finally, a review was conducted after the class. Students can access the online resource library anytime via phone or computer. Thus, the fragmentation time can be used to review cell morphology to improve the learning effect (Daniel et al., 2021). In summary, through the novel teaching model, students’ learning enthusiasm and initiative were stimulated, the learning effect was improved, and cell morphology-recognition skills were enhanced.

To the best of our knowledge, this study provides the first report of that the online and offline blended teaching model combining with flipped classroom were implemented in laboratory course of CLH. The research results indicate that this novel teaching model has been successful. Why is a blended laboratory course successful? Besides student cooperation, educators’ cognition and accumulation in the past, extended preparation time were also important reasons (Chen et al., 2022; Zeng et al., 2021). The pre-class preparation, in-class implementation, and post-class evaluation of the blended teaching model, which educators designed, demonstrated their teaching ability and experience. Specifically, the school leader drawn up a plan and allocated the tasks. Both doctors in clinical laboratories and professional teachers in schools cooperated to select the morphology content to be taught using a blended teaching model. Scientific and technical corporations manufactured the online resource library. Teachers taught students using the blended teaching model in class and evaluated the teaching effect using multidimensional indicators after class. Finally, the data were analyzed to evaluate the implementation effect of the blended teaching model. All members of the CLH teaching team performed the entire process. Thus, the teachers’ teaching ability improved significantly, and the cohesive force of the team was enhanced.

While our research has yielded positive results, there are still certain limitations. We only selected a single batch of students receiving blend or traditional teaching model as our research subjects, which, due to the limitations of sample size and batches, may introduce some bias into the results (Bock et al., 2021). In our next phase of research, we intend to broaden our scope by including multiple batches of students under instruction to increase the sample size, allowing for a more in-depth validation of our research findings. Furthermore, using an online resource library for the review of bone marrow smears has solved the problem of poor student learning experience caused by outdated bone marrow slides and microscopes in real-life teaching. Although we arranged offline laboratory sessions for students to observe bone marrow cells under microscopes, it has also reduced the frequency with which students use microscopes. This could potentially lead to a decrease in students’ proficiency in using microscopes. To counteract this drawback, teachers should pay more active attention to each student’s use of microscopes during offline microscope slide observation laboratory sessions, providing timely guidance to help students become proficient in using microscopes for the observation of bone marrow smears, thereby consolidating students’ microscope operation skills.



Conclusion

The blended teaching model with flipped classroom was successful and welcomed by both students and teachers in CLH course. Thus, education in medical laboratory should not be conservative. Professional education should be innovative to improve student learning effect and enhance practical skills. Then, the training level of laboratory talent can be improved to address the challenge of identifying known and unknown diseases. In future studies, virtual simulation technology will be used in our laboratory course for an online laboratory class on leukemia flow cytometry experiment. We are unremittingly innovating medical laboratory education.
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flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

3 classes, last class for
flipped classroom
(120 min)

Briefly describe the cell
morphology of
granulocytes,
normaoblasts, and

megakaryocytes

Briefly describe the cell
morphology of
Iymphacytes, monocytes
and plasmacytes

Briefly describe the
diagnostic criteria for

normal bone marrow

Briefly describe the
dlinical significance of
the several types of

cytochemical stain

Clinical case analysis of

megaloblastic anemia

Clinical case analysis of

iron deficiency anemia

al
analysis of CML

ical cases case

Clinical case analysis of
APL

Clinical case analysis of
MM

Briefly describe the key
points in differentiating
the above diseases with
their bone marrow

morphology

On line students
observed marrow
cells with an online

resource library.

On line students
observed marrow
cells with an online
resource library.
Offline students
observed marrow
cells with marrow
smears through
‘microscopes.

On line students
observed marrow
cells with an online
resource library.
On line students
observed marrow
cells with an online
resource library.
Offline students
observed marrow
cells with marrow
smears through
‘microscopes.

On line students
observed marrow
cells with an online
resource library.
On line students
observed marrow
cells with an online
resource library.
On line students
observed marrow
cells with an online
resource library.
Off line students
observed marrow
cells with marrow
smears through

microscopes.

period
3 classes without
flipped classroom

(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

3 classes without
flipped classroom
(120 min)

Offline students
observed marrow cells
with marrow smears

through microscopes.

Offline students
observed marrow cells
‘with marrow smears
through microscopes.
Offline students
observed marrow cells
‘with marrow smears

through microscopes.

Off line students
observed marrow cells
‘with marrow smears
through microscopes.
Offline students
observed marrow cells
with marrow smears
through microscopes.

Offline students

observed marrow cells
with marrow smears

through microscopes.

Off line students
observed marrow cells
with marrow smears
through microscopes.
Offline students
observed marrow cells
‘with marrow smears
through microscopes.
Offline students
observed marrow cells
‘with marrow smears
through microscopes.
Off line students
observed marrow cells
‘with marrow smears

through microscopes.

MgA, megaloblastic anemia; IDA, iron deficiency anemiz; CL, chronic leukemia; CML, chronic myelogenous leukemia; CLL, chronic lymphocyti leukemia; AL, aucte leukemia; AML, aucte
myelogenous leukemia; ALL, aucte lymphocytic leukemia; APL, acute promyelocytic leukemia; MM, multiple myeloma; MDS, myelodysplastic syndrome.
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