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Abstract
Objectives This study has two aims: develop a simulated and interactive teaching software for highly skilled 
laboratory technicians, researchers, or practicing physicians in the departments of laboratory medicine, pathology, or 
hematology who are working on Peripheral Blood smear examination and evaluate the application and effectiveness 
of this educational software.

Methods For this research, a cohort of 26 laboratory professionals was enlisted. The teaching software enabled the 
examination of 12 distinct leukocyte morphologies. Participants were tested before the training and subsequently 
after the training (at 2 weeks and 4 weeks, respectively), once the cumulative study duration reached the predefined 
benchmark of 180 min bi-weekly. The accuracy rate and time expended were compared and analyzed. The 
participants’ satisfaction with the learning experience provided by the multimedia software was evaluated by a 
questionnaire.

Results The employment of the multimedia-based educational software markedly enhanced the ability of medical 
laboratory professionals to recognize morphological features. Participants’ feedback about this novel learning strategy 
was overwhelmingly positive.

Conclusion This interactive teaching software was implemented to accelerate and bolster the operational 
proficiency of medical laboratory professionals by enhancing their comprehension of peripheral blood cell 
morphology, and to invigorate their enthusiasm for learning. Findings from an initial evaluation of this software 
indicate that both goals were achieved. The clinical experience of laboratory professionals plays a crucial role in 
their learning outcomes; thus, educators should focus on fostering clinical practice skills alongside the integration of 
multimedia teaching strategies.
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Introduction
Laboratory medicine is a comprehensive subject that 
integrates both a theoretical basis and clinical practice 
[1]. The proficiency of laboratory professionals in making 
accurate diagnoses is intricately linked to the synthesis 
of knowledge concerning peripheral blood smear (PBS) 
morphology [2] and practical laboratory experiences. 
The morphological analysis of the PBS holds significant 
importance for the differential diagnosis of hematological 
diseases and other conditions [3]. Currently, the majority 
of the blood analysis processes have been automated. The 
widespread adoption and utilization of automated blood 
cell analyzers have enhanced the specificity and sensitiv-
ity of whole blood cell analysis, consequently providing 
laboratory professionals with greater convenience [4]. 
Nonetheless, trainees, individuals undergoing refresher 
courses, and primary laboratory professionals often face 
challenges in identifying morphological abnormalities 
in samples that necessitate manual reevaluation. This is 
primarily due to their lack of knowledge and experience 
with respect to the morphology of peripheral blood cells 
and bone marrow cells. Serious game educational meth-
ods refer to interactive games that are designed to pro-
mote learning or help players practice and refine their 
skills rather than just having entertainment [5]. There are 
relatively few multimedia-based serious game teaching 
methods in hematology. However, there is an interactive 
game that focuses on case-based learning and founda-
tional knowledge exploration but does not provide train-
ing on identifying clinically significant yet easily confused 
hematological cells [5]. In response to these challenges, 
the Laboratory Department of Peking Union Medical 
College Hospital (PUMCH) integrated an innovative 
multimedia-based serious game teaching software into 
the existing standardized training programs for residents 
and individuals participating in refresher courses. The 
department evaluated the efficacy and practical applica-
tion of the simulated and interactive teaching software, 
while concurrently developing an enhanced teaching 
model for peripheral blood cell morphology.

Historically, medical knowledge has been dissemi-
nated through lectures and textbooks. However, in recent 
years, numerous educators have adopted interactive 
learning strategies, such as problem-based learning [6] 
and flipped classroom [7, 8], to facilitate two-way com-
munication. Recently, a growing number of articles have 
reported on the use of Artificial intelligence platforms in 
medical education [9]. The aforementioned methodolo-
gies aim to supplant the traditional one-way rote learn-
ing approach, motivating students to shift from passive 
receivers to active participants in their educational jour-
ney. Multimedia-based teaching, grounded in computer 
systems, leverages a diverse array of media formats—
including text, symbols, numbers, images, videos, and 

animations—to bolster students’ comprehension and 
memory retention by integrating technology into the 
classroom setting [10]. Currently, the education in labo-
ratory medicine also employs a pedagogical model simi-
lar to Multimedia-based teaching [11]. Nevertheless, the 
instruction of blood cell morphology remains inadequate 
in developing the comprehensive skills of residents and 
individuals undergoing refresher courses. Lectures on 
cell morphology primarily concentrate on the conven-
tional cell appearances found in clinically representa-
tive blood smear specimens [12]. Yet, in actual clinical 
scenarios, the complexity of PBS exceeds the scope of 
what has been taught. This gap in practical knowledge 
may lead to delays in identifying abnormal cells, subse-
quently hindering the provision of precise information 
for clinical diagnoses and potentially delaying patient 
treatment. Thus, the instruction of blood cell morphol-
ogy should extend beyond merely teaching, guiding, and 
laboratory examination of typical PBSs; it should encom-
pass a comprehensive understanding of various blood cell 
morphologies observable in blood smears, which could 
be an effective and beneficial complement to microscopy 
learning.

The Laboratory Department of PUMCH and Beijing 
XiaoYing Technology Co., Ltd. (XiaoYing) have collabo-
rated to develop an innovative multimedia-based teach-
ing software, referred to as “CEllink,” aimed at enhancing 
learning experiences by providing detailed morphologi-
cal information to facilitate a deeper comprehension of 
identified PBSs.

This study employs multimedia-based serious game 
instruction, personalized through human-computer 
interaction (HCI) as the core teaching methodology, with 
the “CELLink” teaching software serving as the medium. 
The objective is to ignite students’ enthusiasm for learn-
ing and enhance the clinical operational proficiency of 
laboratory professionals. There is a pressing need to over-
haul and enrich the prevailing instructional approach to 
blood cell morphology to nurture highly skilled medical 
laboratory professionals, facilitate the distribution and 
utilization of superior teaching resources, and elevate 
the overall standard of education. In this study, we inte-
grated the instruction of peripheral blood cell morphol-
ogy with HCI and assessed the educational outcomes of 
the students.

Materials and methods
Teaching software
The teaching software, a collaborative creation by 
PUMCH and XiaoYing, was incorporated into the mul-
timedia teaching module as part of the HCI framework. 
This educational research necessitated only the use of a 
personal computer.
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Design of the teaching software
The software’s instructional design encompasses three 
distinct modes: practice, competition, and test (Fig.  1). 
Concurrently, the software integrates a teaching gallery, 
facilitating users’ consolidation of their understanding 
of blood cell morphological characteristics by enabling 
a review of various blood cell images from their stud-
ies. Additionally, there are 30,000 annotated cells in 
the database available for teaching purposes. Each les-
son (practice mode) includes 36 unique PBS single-cell 
images, organized into 18 pairs. Participants needed to 
accurately identify and select two identical cells from 
the non-repetitive cell map to eliminate the cells, while 
any incorrect pairing would leave the cells unchanged. 
The lesson chapter concludes successfully once all cells 
are accurately matched. A single practice session con-
stitutes one lesson. For each correctly paired set of cells, 
the name of the cell type is displayed on the interface, 
thereby enhancing the user’s morphological comprehen-
sion of the blood cell type. At the end of the course, the 
software automatically compiles and analyzes the user’s 
learning outcomes. The practice mode is categorized into 
three tiers of difficulty: starter edition, advanced edition, 
and mastery edition, allowing users to choose their learn-
ing path based on their individual knowledge at baseline. 
The starter version encompasses seven clinically funda-
mental key cell types: band neutrophil, segmented neu-
trophil, eosinophil, basophil, monocyte, lymphocyte, 
and myeloblast (labeled as Blast No Lineage Spec in the 

software). The advanced version introduces an additional 
two cell types, specifically the lymphocyte variant form 
and metamyelocyte, building upon the starter version. 
Following this, the mastery version further incorporates 
three cell types: promyelocyte, myelocyte, and plasma 
cells, expanding upon the intermediate version’s content.

Upon the computation of their scores by the computer 
system, participants receive immediate, thorough feed-
back on their performance. Following the conclusion of 
a lesson or assessment, the teaching software undertakes 
an automatic evaluation and synthesis of responses. This 
process supports students in identifying, comprehend-
ing, and mastering cell types that are either challenging 
or perplexing, urging them to deliberate on and eluci-
date the characteristics of such cells. This deliberation is 
facilitated by examining the accuracy rates in identifying 
various PBSs and the misidentifications of cell types that 
were ambiguous, considering the chosen exercise’s level 
of difficulty. The software’s summary page records altera-
tions in the users’ prior exercises, mirroring the students’ 
learning trajectories. Moreover, it compiles tailored revi-
sion suggestions for the cell types that were puzzling dur-
ing the response process, thereby enabling students to 
rectify and bridge their knowledge deficiencies.

Design of the multimedia teaching lesson within the HCI 
framework
The CELLink teaching software encompasses a learn-
ing mode, a competition mode, and a test mode, as 

Fig. 1 User interface. Homepage of CELLink
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illustrated in Fig. 1. It features a teaching gallery (Fig. 2), 
which facilitates users in reinforcing their grasp of the 
morphological characteristics of blood cells through the 
review of various blood cell images pertinent to their 
studies. Figure 3 illustrates the learning interface of CEL-
Link designed.

Upon completion of the practice mode, the software 
automatically processes and compiles the responses. This 
functionality aids students in identifying, understanding, 
and mastering cell types they find challenging or perplex-
ing. It prompts students to engage in reflective think-
ing and to articulate the characteristics of such cells by 
evaluating their accuracy in recognizing different blood 
cell types and their mistakes in selecting ambiguous 
cell types, in the context of the exercise’s difficulty level. 
The summary page within the teaching software tracks 
modifications in users’ prior practices and mirrors the 
students’ learning progress (Appendix 1). Additionally, 
the software collates tailored review suggestions and fur-
nishes students with a distinct compilation of incorrect 
pairings to scrutinize and bridge their knowledge gaps, 
thereby addressing the ambiguous cells encountered dur-
ing the question-answering process (Fig. 4).

The competition mode within the CEllink teaching 
software utilizes a shared cell map among different users, 
enhancing interactivity and engagement (Fig.  5). The 
incorporation of a leaderboard, distinct from the prac-
tice mode, serves as an additional motivational tool by 

stimulating students’ interest in learning through foster-
ing a sense of competition.

In the assessment mode, a distinct cell image database 
is employed to ensure that identical cells do not recur, 
thereby preventing users from “memorizing” information 
as a means to enhance their test performance.

Peripheral blood smear libraries and data collection
All blood cell images utilized in the teaching software 
are sourced from the PUMCH laboratory. The collection 
encompasses both typical and atypical peripheral blood 
cells to closely replicate the real clinical setting. Impor-
tantly, personal information such as patients’ names, gen-
ders, and diagnostic results are excluded from the dataset 
to ensure compliance with medical ethics. The data is 
exclusively used for the clinical laboratory education pur-
poses of PUMCH.

The researchers photographed blood smears and 
assembled a database of PBSs, with the Sysmex SP-10 
push-staining mechanism being utilized to prepare the 
PBSs. The preparation of blood smear materials, the 
smears themselves, and their staining were all conducted 
in accordance with production standards, as viewed 
under a low-power microscope. Furthermore, the “Mark-
Server” labeling system from XiaoYing Technology Co., 
Ltd. was employed for the manual screening and removal 
of blood cell images that were out of focus, exhibited 

Fig. 2 Teaching Gallery
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Fig. 4 Wrong-matched image bank. The buttons at the top of the picture categorize the blood cells, allowing users to review misidentified cells. The 
number in the upper right corner of each individual cell picture represents the number of incorrect matches that occurred during the study

 

Fig. 3 Learning interface by CEllink. There are 18 pairs of need to be matched. When one pair is matched correctly, the selected images will disappear. 
The course/lesson is over until all the images on the interface are eliminated
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abnormal staining, or lacked effective cell information in 
the images.

Data annotation
The cell identification and labeling under the micro-
scope were conducted by an expert group consisting of 
two senior laboratory professionals from the Laboratory 
Department of PUMCH. The procedures for labeling and 
the objectivity of the labeling outcomes were rigorously 
controlled. In instances of discrepancy in cell labeling by 
the expert group, a process of cross-labeling was initi-
ated. In case of differing opinions on labeling a specific 
cell, acknowledged PBS diagnosis experts within the field 
were consulted to review, mediate, and deliberate with 
the expert team to achieve a consensus on the result.

Study design
Twenty-six laboratory professionals, aged between 22 
and 41 years, including 11 junior and 15 senior labora-
tory professionals, were enlisted for this study from the 
clinical laboratory of PUMCH. Personnel working in 
the field of peripheral blood smear morphology for less 
than five years are classified as junior professionals, while 
those with five or more years of experience are consid-
ered senior professionals.

The study design required participants to complete 
three tests: a pre-training test, a during training test, 
and a post-training test, with each test separated by 
two weeks. The pre-training test served as the baseline 

assessment. Following the initial study plan, the on-
training test was scheduled after participants engaged 
with the teaching software for a prescribed 180 min bi-
weekly for self-directed learning. This on-training assess-
ment occurred two weeks after the commencement of 
the study. The final examination, the post-training test, 
was administered after continuing the established learn-
ing regimen, which again involved using the software for 
180 min every two weeks, allowing for a consistent study 
pace before undertaking the third test.

Upon completing the three examinations, the instruc-
tional phase was concluded, during which each partici-
pant’s learning metrics—including usage data, accuracy 
rate, and temporal changes—were meticulously recorded 
and analyzed via computer. Subsequently, participants 
were asked to fill out an 11-item questionnaire aimed at 
gauging their user experience and evaluating any shifts 
in their self-efficacy. This questionnaire was designed to 
ascertain whether the teaching software adequately ful-
filled the educational requirements it was intended to 
meet. Furthermore, it compiled insights on the software’s 
application in teaching contexts, impacts on learning 
interest, assessments of capability enhancement, inter-
face design, and overall user experience. Through the 
deployment of anonymous surveys, the feedback and 
outcomes related to the educational content were gath-
ered and scrutinized to assess the effectiveness of the 
teaching software’s utilization.

Fig. 5 Summary of the competition: The ranking list summarizes the results of the current class’s PK competition
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Statistical analysis
Prism 10 was employed for statistical analysis. The differ-
ences in responses to the “feedback questionnaire” before 
and after the training were analyzed using a paired t-test, 
comparing pre-training and post-training outcomes.

Results
All participants (100%) (n = 26) reported an increase in 
self-efficacy following their use of the CEllink teaching 
software
In this study, changes in self-efficacy were assessed based 
on alterations in the participants’ diagnostic capabili-
ties, interest in learning, and execution speed (efficiency 
in examining PBS). Every participant reported in the 
questionnaire an enhancement in their self-efficacy sub-
sequent to utilizing the teaching software as a learn-
ing instrument. A notable elevation in the accuracy 
rate across the three tests was observed (as depicted 
in Fig.  6A). Furthermore, significant differences were 
recorded in all three indices of change (diagnosability, 
learning interest, and execution speed) between the pre-
training and post-training phases, with P values less than 
0.05, as shown in Fig. 6B.

Participants’ performance was enhanced after one month 
of learning
Figure  7A illustrates the enhancement in the accu-
racy of responses across all participants on the three 

examinations, accompanied by a considerable reduction 
in completion time. Furthermore, Fig.  7B depicts the 
shift in the average accuracy rate across the three tests. 
Subsequent analysis of specific cell types revealed a sig-
nificant increase in accuracy rates. Notably, following a 
brief practice period, there was a marked improvement 
in the identification rates of promyelocytes, myelocytes, 
metamyelocytes, and myeloblasts, particularly evident in 
immature granulocytes.

Participants’ scores were correlated to frequency of course 
attendance
As depicted in Fig.  8, there exists a positive correlation 
between the final scores attained by the participants and 
the frequency of their attendance in the course. The non-
parametric Spearman’s correlation coefficient (Rs) is cal-
culated to be 0.7, with a significance level of P < 0.0001, 
indicating a statistically significant relationship. This sug-
gests that as the number of courses attended increases, 
there is a corresponding elevation in the grades achieved 
by the students.

Participants provided favorable feedback regarding 
the efficacy of the teaching software in facilitating their 
learning process
Based on the findings derived from the questionnaire 
survey (summarized in Table 1) and examination results 
(Fig.  7), it can be concluded that the implementation 

Fig. 6 (A) Comparison of the accuracy rate. (B) Comparison of self-efficacy (pre-training and post-training. The data is derived from questionaries com-
pleted by the participants, who self-evaluated their responses. Each questionnaire was structured on a scale of 10 marks. Participants assigned ratings to 
various aspects such as their perceived changes in diagnosability, level of interest in learning, and proficiency in executing PBS examinations
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of teaching software led to improvements in the grades 
of all participants. Notably, more than half of the par-
ticipants demonstrated a increase of over 100% in their 
scores during the third attempt compared to their initial 
performance. The pass rates for the first, second, and 
third examinations were recorded at 8%, 62%, and 81% 
respectively (n = 26), with corresponding average scores 
of 38, 60, and 74.

While one respondent expressed skepticism regarding 
the software’s capacity to guide practical clinical work, 
only three individuals (3/26, 12%) believed that the test 
outcomes using the software did not accurately reflect 
their actual clinical proficiency. However, a consensus 
emerged among almost all participants regarding the 
fidelity of the cell images provided by the software, which 
were deemed to effectively simulate the PBS inspection 
scenarios encountered in real clinical settings. Addi-
tionally, the user-friendly interface of the software was 
affirmed, with 100% (n = 26) of the participants express-
ing willingness to recommend the software as a valuable 
learning tool to their peers.

Discussion
The overall cohort of 26 participants dramatically 
improved their pass rates on the assessments from 
8% (mean score = 38), on the first exam to 81%, (mean 
score = 74), on the final exam. nevertheless, the degree 
of enhancement varies across participants, potentially 
attributable to differences in their clinical experience. 
Individuals with greater clinical exposure are better 
equipped to identify and address knowledge gaps during 
the learning process, as they typically encounter a larger 

volume of blood cells. The software took one month to 
develop and helped participants achieve significant 
improvements in their performance. Because learning 
morphology requires a long period of accumulated expe-
rience, it is critical to enhance the ability of new recruits 
or interns in clinical laboratories to swiftly identify and 
diagnose hemocytes.

According to the findings of the questionnaire sur-
vey, a significant majority of respondents recognized the 
effectiveness of the teaching software in enhancing their 
clinical proficiency. They reported a notable boost in 
their diagnostic capability, learning interest, and execu-
tion speed and emphasized the pivotal role of the teach-
ing software in aiding the diagnosis of PBS. Particularly 
noteworthy is the substantial improvement observed in 
the accurate identification of immature granulocytes, 
encompassing promyelocytes, myelocytes, and meta-
myelocytes, which hold significant clinical importance. 
Immature granulocytes denote prematurely released 
granulocytes from the bone marrow, typically occurring 
in response to infection and inflammation. Clinicians 
have placed significant emphasis on monitoring imma-
ture granulocytes in peripheral blood, as their presence 
signifies ongoing leukopoiesis, serving as an early indica-
tor of potential infection, inflammation, or other stimuli 
affecting the bone marrow. This outcome underscores 
the crucial role of teaching software in enhancing the 
diagnostic proficiency of blood smears within a limited 
timeframe, enabling examiners to more precisely identify 
clinically relevant blood cells. The confirmed practicality 
of the software further underscores its utility in clinical 
practice.

Fig. 7 (A) Change in the correct rate of each participant in the three exams. The data corresponding to the ninth group was deemed unusable owing 
to the lack of information. The X-axis delineates individual participants, while the Y-axis denotes the accuracy rate of the corresponding examinations. 
Distinct colors are assigned to represent the three different examinations. (B) Mean change in accuracy rate in the three exams. The X-axis demonstrates 
different examinations, while the Y-axis shows the mean change in accuracy rate(%). The average accuracy rate for the first examination was 38.4. The 
average accuracy rate of the second examination was 59.6. The average accuracy rate for the third examination was 73.9
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It is noteworthy that the score of one participant exhib-
ited minimal improvement, remaining at 19 points in 
both the second and third exams, compared to the initial 
score of 15 points. This lack of significant improvement 
may be attributed to their relatively lower practice fre-
quency, totalling 38 sessions. The absence of a maximum 
study time limit within the teaching software, which 
mandates a minimum of 2 weeks and 180  min, results 
in variations in the duration allocated to each study ses-
sion. Consequently, some participants engaged in fewer 
study sessions compared to their peers. This observation 

underscores the importance of continuous practice and 
sustained long-term study efforts in influencing aca-
demic performance.

On the contrary, participants showed greater improve-
ment between the first and second tests, than between 
the second and third tests. This phenomenon could be 
attributed to the software’s provision of numerous cell 
images during the initial stages of use, which were read-
ily assimilated by participants within a short timeframe. 
This underscores the software’s significance in aiding 
inexperienced laboratory professionals to swiftly acquire 

Table 1 Feedback on the CELLink teaching software (10-point scale)
Items Pretraining Mean Posttraing Mean
1. What is your self-rating of your ability to diagnose blood cell morphology? 4.1 7.24
2. What is your self-rating of your interest in learning about blood cell morphology? 6.2 8.9
3. What is your self-rating of the speed of your PBS examination? 4.1 7.8

Fig. 8 Correlation between the frequency of attending lessons and the final marks obtained by participants (specifically, the results of the third test. The 
Spearman’s correlation coefficient (Rs) is calculated to be 0.70, with a 95% confidence interval ranging from 0.42 to 0.85. The associated P value is less than 
0.0001, indicating a highly significant correlation
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proficiency and commence their duties during the ini-
tial phase of use. Intriguingly, while some participants 
achieved progress exceeding 100%, others showed only 
a 30% improvement, potentially influenced by the dura-
tion of their tenure in the field. Experienced laboratory 
professionals typically possess a deeper understanding 
of PBS examination procedures and can effectively apply 
newly acquired knowledge, whereas those with limited 
experience may be constrained by their clinical exposure.

The findings of the questionnaire survey revealed a 
clear advantage in incorporating teaching software into 
the instruction of peripheral blood morphology. This 
advantage manifests primarily in the following aspects:

This teaching software transcends the inherent spa-
tiotemporal constraints of traditional morphologi-
cal laboratory instruction. Beyond the initial guided 
laboratory experience of reading PBS, students can uti-
lize the online software to solidify their learning through 
independent practice. This flexibility allows for continued 
learning outside of the laboratory setting, at any time 
and location. Notably, for medical institutions in remote 
regions with limited teaching resources, such as micro-
scopes, this software presents a compelling solution. By 
providing access to virtual microscopy through the soft-
ware, it addresses the potential drawbacks of restricted 
study time and limited practical experience due to equip-
ment constraints [12].

Building upon the aforementioned benefits, the soft-
ware’s functionalities hold the potential to cultivate 
advanced recognition and identification competencies 
among students in resource-scarce environments. These 
teaching strategies can help translate abstract concepts 
into concrete knowledge [13]. Furthermore, the soft-
ware’s design principles, rooted in HCI, contribute to 
increased student engagement and motivation [14]. 
The incorporation of engaging sound effects and a user-
friendly interface fosters a more relaxed and stimulating 
learning atmosphere compared to traditional methods 
[15]. This is supported by the findings presented in Fig. 5, 
which demonstrate a significant improvement in student 
learning interest following the use of the software. More-
over, the software’s examination mode leverages a lead-
erboard system to incentivize active learning and pursuit 
of academic excellence. This approach, as illustrated in 
Fig.  3, facilitates the monitoring of both individual and 
collective progress.

Simulate clinical work. In traditional morphologi-
cal teaching, blood cells with characteristic features are 
typically chosen for instruction, facilitating easier mem-
orization of cell recognition attributes by students [16]. 
However, in real-world clinical settings, variations arise 
due to individual patient differences, evolving treat-
ment stages, alterations in blood smear staining, fluc-
tuations in observation lighting, and other factors [17]. 

Consequently, the morphology of blood cells in PBS may 
deviate from typical norms or prove challenging to iden-
tify under microscope examination. Faced with complex 
and dynamic clinical scenarios, laboratory professionals 
must engage in prolonged analysis of smears, gradually 
accumulating experience over time.

Effectively improve the ability to accurately identify 
various blood cells by gaining a comprehensive under-
standing of cell morphology. The database of PBS mor-
phology within this teaching software was constructed 
using authentic clinical blood cell images obtained from 
various patients under microscope examination. This 
comprehensive database allows inexperienced laboratory 
professionals to gain a thorough understanding of the 
morphological characteristics exhibited by blood cells, 
thereby enhancing their capacity to identify atypical cells 
encountered during clinical practice. Such utilization of 
authentic clinical data serves as one of the most effec-
tive methods for on-the-job training, facilitating practical 
skill development and proficiency enhancement.

Limitation
Nonetheless, the teaching software does possess certain 
limitations. Firstly, the sample size utilized in the study is 
relatively small, and the overwhelmingly positive evalu-
ations of the software’s quality by all participants may 
introduce potential biases, as randomness and contin-
gency cannot be fully discounted. Secondly, the partici-
pants enrolled in the experiment span a wide range of 
ages, and the observed improvements in their grades 
may be correlated with variations in clinical experience. 
However, the study has not addressed these differences 
through subgroup analyses or group discussions.

Approximately half of the participants expressed the 
view that utilizing a mobile phone application would 
streamline and simplify the learning process. However, 
it is worth noting that the small screen size of mobile 
phones compromises image quality, leading to com-
pressed visuals that hinder clear identification of cell par-
ticles. As of now, the software is exclusively available for 
use on computers. Efforts are underway among profes-
sionals to develop a mobile platform, aiming to enhance 
user convenience. In summary, the advantages offered by 
the teaching software hold the potential to facilitate more 
effective training of inspectors within hospitals while also 
yielding cost savings. Moreover, the applicability of the 
software extends beyond PBS morphology teaching, as it 
can also be utilized in morphological instruction across 
various laboratory fields, including urine and parasite 
detection.

Further development is warranted to incorporate addi-
tional functionalities into the teaching software. This 
includes features such as aiding in the differentiation of 
ambiguous cells, addressing contentious cell types, and 
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expanding the learning database. Moreover, personalized 
learning options tailored to individual users’ needs are 
essential. To genuinely enhance proficiency, a dynamic 
approach is required. For instance, once a user consis-
tently classifies a specific cell type correctly, the fre-
quency of practice and examination for that cell should 
be reduced. Conversely, the frequency of practice for 
other cell types should be augmented, ensuring a com-
prehensive and adaptive learning experience.

Conclusion
To the best of our knowledge, this represents the inau-
gural self-developed teaching software tailored for PBS 
morphological detection. Based on the outcomes of the 
initial assessment reported in this paper, this multi-media 
learning system appears to have capacity to broaden 
learning opportunities, amplify learning efficiency, and 
reduce laboratory and educational expenditures. Addi-
tionally, we advocate for future advancements in teaching 
software, with a particular focus on enhancing person-
alization features. This emphasis on personalization is 
anticipated to yield a teaching effect characterized by 
reduced costs and enhanced outcomes.
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