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ARTICLE INFO ABSTRACT

Keywords: In anatomical sciences education, enhancing students’ factual knowledge and spatial reasoning is

Three-dimensional virtual learning critical for clinical competence. This eight-week, face-to-face neuroanatomy course randomly
Spatial ability . . . . . .
K . assigned 380 first-year medical students to either instructor-led three-dimensional demonstra-
Meaningful learning

Cognitive load
Anatomy included a non-spatial anatomy knowledge test and a spatial-related anatomy test, while spatial
ability was evaluated before and after instruction with the Mental Rotation Test (MRT) and the

Revised Purdue Spatial Visualization Test: Visualization of Rotations (Revised PSVT:R). Analyses

tions or traditional two-dimensional atlases and animations. Post-instruction assessments

revealed no statistically significant differences in post-instruction anatomy test scores between
the three-dimensional and two-dimensional groups. Similarly, gains in MRT and Revised PSVT:R
performance did not differ by instructional condition. Despite these equivalent outcomes,
perception surveys demonstrated that students found the three-dimensional demonstrations
engaging, intuitive, and beneficial for understanding complex structures. These findings indicate
that, when delivered in a large-group, instructor-led format without hands-on interaction, three-
dimensional virtual tools function as effective supplements rather than replacements for estab-
lished two-dimensional instructional methods. Future research should explore small-group,
learner-controlled implementations, integrate digital tracking of engagement, and assess
long-term retention to determine which interactive features most effectively support anatomy
learning and spatial ability development.

In the anatomical sciences, spatial ability should be emphasized in the teaching and learning process because current research
indicates that spatial ability is closely related to learning performance in anatomy (Langlois et al., 2020). In traditional anatomical
instruction, the cadaver affords the opportunity to familiarize students with the textures, structures, and tissues of the human body
from three-dimensional views, which reinforces students’ learning experience in anatomy (Lopez et al., 2021). However, limited
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accessibility and the high investment in cadavers and prosection make it difficult to meet the overwhelming demands for compre-
hending anatomical knowledge in medical training (Ail et al., 2024; Koucheki, 2023). The result is the introduction of
three-dimensional virtual tools to supplement instructional methods in anatomy (Ail et al., 2024; Alharbi et al., 2020; Erolin et al.,
2019; Lopez et al., 2021; Zhao et al., 2020).

The current literature on the effectiveness of the implementation of three-dimensional virtual tools with spatial ability is somewhat
inconclusive or even contradictory. Some researchers found that students with low spatial ability struggled to learn using three-
dimensional virtual tools (Bogomolova et al., 2020; Wainman et al., 2020). Students with lower spatial ability tended to have
lower achievement scores in anatomy courses when three-dimensional virtual tools were used (Bogomolova et al., 2020). However,
other research results indicated that students with low spatial ability could benefit much more through the three-dimensional virtual
tools than students with high spatial ability (Di & Zheng, 2022; Sun et al., 2019). Therefore, it would be helpful for researchers to
examine the effects of three-dimensional virtual learning tools on spatial ability in the learning process. The main goal of this research
study was to examine the effects of applying three-dimensional virtual learning tools in anatomical courses on students’ learning
outcomes and spatial abilities. Moreover, the research findings in this study can provide detailed guidance for instructional designers
and educators in the application of three-dimensional virtual tools to anatomical instruction.

1. Research questions

With the advent of information technologies, computer-assisted tools are prevalent in anatomical instruction to complement the
traditional method of cadaver dissection (Lopez et al., 2021). With the improvement of technologies, many three-dimensional learning
tools are intuitive, attractive, and easy to use. In addition, the manipulation of these tools is related to the three-dimensional video
game experience, which leads to positive attitudes from students to the learning resources of three-dimensional anatomical tools.
Educators are responsible for developing engaging and effective teaching strategies to improve students’ competencies in anatomical
knowledge.

The main goal of this research study was to examine the effects of applying three-dimensional virtual learning tools in anatomical
courses on students’ learning outcomes and spatial abilities. Moreover, the research findings in this study can provide detailed
guidance for instructional designers and educators in the application of three-dimensional virtual tools to anatomical instruction.

The following research questions were proposed in accordance with the main purpose of this study:

RQ1: Is there a significant difference in post-instruction anatomical knowledge between students who attended face-to-face classes
with three-dimensional anatomical courseware and those who attended face-to-face classes with two-dimensional anatomical
courseware?

RQ1A: Is there a significant difference in post-instruction non-spatial anatomical knowledge (as measured by non-spatial
anatomical knowledge test) between the two instructional conditions?

RQI1B: Is there a significant difference in post-instruction spatial-related anatomical knowledge (as measured by spatial-related
anatomical knowledge test) between the two instructional conditions?

RQ2: Is there a significant difference in the degree of spatial abilities between students who attended face-to-face classes with three-
dimensional anatomical courseware and those who attended face-to-face classes with two-dimensional anatomical courseware?
RQ2A: Is there a significant difference in the degree of spatial relation abilities (as measured by the MRT) between the two
instructional conditions?

RQ2B: Is there a significant difference in the degree of spatial visualization abilities (as measured by the Revised PSVT: R) between
the two instructional conditions?

RQ3: What are students’ perceptions of learning with three-dimensional anatomical courseware?

2. Literature review

2.1. The key role of spatial ability in anatomy learning

It has been recognized that inherent spatial ability plays a key role in anatomy learning (Berney et al., 2015; Langlois et al., 2015a;
Luursema et al., 2017; Rochford, 1985). The evidence shows such a strong correlation between spatial abilities and learning
achievement in anatomy, that researchers have been consistently calling for pedagogical techniques to incorporate and improve spatial
abilities among students in healthcare fields (Zhao et al., 2020). Two researchers (Berney et al., 2015; Nguyen et al., 2012) identified
key tasks and abilities that students learning anatomy need.

Berney et al. (2015) developed a six-step cognitive task analysis to learn three-dimensional anatomical contents: (1) segregate the
structure from its surroundings, and extract relevant and correlative information about structures to be learned; (2) learn the
two-dimensional shapes of the structure from all angles of view; (3) reconstruct the three-dimensional structure; (4) empower the
learners to restore the spatial relationships between three-dimensional structures and its contexts to comprehend the body structure;
(5) learn the dynamic behavior of the structure; and (6) relocate the structure within the whole body space. In this six-step cognitive
analysis, the researchers also stated that the dynamic visualizations could specifically deliver and describe the changes over time to
facilitate the comprehension of the dynamic behavior of the structure. In addition, while relocating the structure within the
whole-body space, the three-dimensional dynamic objects afforded the learners depth and spatial connotations. In this study, the MRT
was used to measure the spatial relation abilities of learners, the finding indicated the score of the MRT can predict the learning
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achievements in anatomy.

Nguyen et al. (2012) distinguished two types of knowledge structures in anatomy education, involving non-spatial anatomical
knowledge and spatial anatomical knowledge in their study. The former referred to anatomical terminologies, and the latter related to
visual spatial information, consisting of three-dimensional form, orientation, and spatial configuration, and so forth. Results show that
both abilities are associated with learning achievements in anatomy education. Therefore, consistent with both Berney et al. (2015)
and Nguyen et al. (2012), the current study will examine both non-spatial and spatial anatomy knowledge to understand students’
learning achievement in anatomy education (Langlois et al., 2015b). Additionally, the current study will utilize previously used
measures of spatial abilities (e.g., MFT; Berney et al., 2015).

2.2. The application of three-dimensional virtual technology for education

Interaction has been recognized as one of the most important characteristics of teaching and learning experiences in e-learning
environments. Three-dimensional virtual platforms are equipped with interactive tools for learners. Therefore, learners can interact
not only with other learners and instructors but also with instructional objects (Yilmaz et al., 2015). This feature is also consistent with
Mayer’s (2009) segmenting principle that “people learn better when a multimedia message is presented in user-paced segments rather
than as a continuous unit” (p. 175). Moreover, the research also reported that the representation of three-dimensional objects with
intensive interaction can actively motivate learners to participate in learning activities (Yilmaz et al., 2015). In short, this interaction
can increase learners’ motivation and the duration of their engagement.

Three-dimensional virtual environments are equipped with three-dimensional animations that can facilitate students’ learning and
understanding. The position that learners can benefit from animation effects supports Mayer’'s (2009) principles of multimedia
learning. Many studies have indicated that virtual learning platforms can enhance students’ learning performance (Alharbi et al., 2020;
Erolin et al., 2019; Lopez et al., 2021; Zhao et al., 2020).

Virtual learning platforms, particularly with three-dimensional tools, may also be beneficial when learning anatomy (Alharbi et al.,
2020; Lopez et al., 2021; Zhao et al., 2020). Significant differences existed in students’ learning achievement of spatial-related
anatomical knowledge between the instruction with three-dimensional virtual anatomical tools and two-dimensional instructional
tutorials (Lopez et al., 2021). A meta-analysis of experimental studies shows that incorporating three-dimensional tools in anatomy
courses significantly increases students’ learning (Zhao et al., 2020).

Yet, it appears that students’ spatial ability may impact their learning when using three-dimensional tools in anatomy courses.
Students with lower spatial ability tend to do more poorly on achievement tests in anatomy courses with three-dimensional learning
tools (Wainman et al., 2020). Though students with low spatial ability show significant increases in their understanding of anatomy
when three-dimensional learning tools are used, their learning is still significantly lower compared to students with high spatial ability
(Bogomolova et al., 2020). On the other hand, other researchers have found that students with low spatial ability show the greatest
improvements in learning when three-dimensional tools are used in anatomy courses (Di & Zheng, 2022; Sun et al., 2019).

The context in which these tools are utilized may also influence their effectiveness. Di and Zheng (2022) noted that the type of
three-dimensional tools utilized may impact learning. It is possible that specific medias (e.g., VR vs. desktop learning) are easier for
students with lower spatial ability to use. Yilmaz et al. (2015) found that users’ depth of interaction was affected by experience and
spatial ability. The authors noted that students should be trained and acquire related experiences in three-dimensional environments
before becoming involved in learning activities, since experience has a strong relationship with spatial ability, engagement, and
interaction.

2.3. 3D printing in anatomy education

One of the newest integration upgrades to anatomy education is a form of three-dimensional printing, which gives the students
more hands-on and practical tools. Several studies including those by Brumpt et al. (2023) and the work of Yuen (2019) confirmed that
3DPAMSs are indeed an educational aid. Brumpt et al. (2023) observed that such models are quite affordable and also enhance the
performance in anatomy education. 3DPAMs were very effective in studying the normal, rare, and also pathological anatomy ideas.
This was proved to be successful according to Yuen (2019). Secondly, Salazar et al. (2021) found that the students who employed the
3DPAMs made statistically significant scores on understanding complex anatomical structures. These findings suggest that the
approach to learning anatomy by using 3DPAMSs is very multidimensional. Through their visual and tactile characteristics, improved
skills in mental rotation and also memory are achieved. Secondly, such models can be tailored to meet the educational needs during the
teaching process. These examples require a costly design and manufacturing to be performed within along production process, which
should not be undervalued. In specific, it is clearly evident that 3D printing provides an important function of creating quality and
efficiency in anatomy education. This technological innovation has a promising potential to change the traditional methods of teaching
anatomy.

2.4. Stereoscopic and virtual reality technologies

The implementation of stereoscopic and VR technologies in anatomical education helps the learning process to acquire another
dimension. Bogomolova et al. (2021) noted that a meta-analysis revealed a very significant positive impact of stereoscopic 3D visu-
alization on the anatomy learning. This study showed that stereopsis strongly affects the development of the anatomical knowledge.
Likewise, Uruthiralingam and Rea (2020) also explored the effectiveness of AR and VR in anatomical education evidenced by its
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growing popularity. The implementation of these technologies in the anatomy courses creates a virtual environment beyond the
employment of two-dimensional learning materials. Bogomolova et al. (2021), thus, suggested that stereopsis is a very valid technique
for the deepening of understanding and retention of anatomical materials. Nevertheless, in the process of practical assessment of these
technological applications and their pedagogical effectiveness, it is very necessary to check whether they correspond well with
traditional practices. Nevertheless, VR and AR are projected to increase over time, and the role of these technologies in shaping the
anatomy education landscape cannot be undervalued. They can develop a much better understanding of the complex anatomical
structures.

2.5. The impact of COVID-19 on anatomy education

The disruption of anatomy education was so deep that it needed quick adaptations, or any other innovative solutions. The
disruption effect was illustrated in many studies such as Pather et al. (2020), Kelsey et al. (2020), and Harmon et al. (2021). According
to Pather et al. (2020), online teaching became a new norm overnight. Similarly, Kelsey et al. (2020) found an emphasis on web-based
resources and also some pedagogical challenges while Harmon et al. (2021) presented some cases on the ways of carrying out teachers’
courses; mostly, virtual platforms were used during the initial phase of COVID pandemic. These studies provide evidence of anatomy
teaching resilience towards unexpected challenges. The COVID-19 pandemic drove the anatomy teaching digitalization by creating
diverse innovative solutions. This rapid change resulted in several problems like unrealistic practices in the dissection as well as more
teacher involvement. In addition to the difficulties imposed by COVID-19, this pandemic set in motion a lot of long-lasting changes in
anatomy education. It focused on the need to have innovative teaching methods that combine old-school and forward-thinking
techniques as well as new digital approaches.

2.6. Theoretical framework

In this study, Howard Gardner’s theory of the multiple intelligences was used. This theory was first formulated by Gardner in his
classic book "Frames of Mind," which was published in 1983 and has been a revolutionary idea concerning intelligence (Gardner,
1983). This theory questioned the established belief that intelligence was a single, quantifiable factor. Rather, Gardner suggested a
multidimensional view of intelligence, where spatial intelligence is considered a very important aspect alongside other aspects. Ac-
cording to Gardner, spatial intelligence is the skill of visualizing, manipulating, and reasoning about spatial relationships or di-
mensions. This type of intelligence is especially applicable to the areas where visual-spatial sense and design are very important, such
as in architecture, engineering, and also the visual arts (Gardner, 1983). Gardner’s theory extends beyond the classification of the
different types of intelligence. As the Harvard Graduate School of Education noted, Gardner’s work has contributed largely to
personalized learning strategies and expanded the possibility for human cognitive capabilities (Harvard Graduate School of Education,
n.d.). Adding spatial intelligence to the multiple intelligences model emphasizes the variety of human thinking and learning modes.

In addition, Gardner’s theory has many educational practice implications. In an ERIC Digest by Brualdi (1996), it has been dis-
cussed that identifying multiple intelligences, including spatial intelligence, requires a more diverse manner of teaching and learning.

This method promotes and develops personal skills and talents therefore offering a broader and more comprehensive learning
experience. The findings of the studies conducted by different researchers in the current study indicate that direct manipulation of
three-dimensional virtual tools plays a significant role in learning.

A number of studies, such as Jang et al. (2017) and Lisk et al. (2015), emphasized the students’ positive attitudes towards
three-dimensional virtual tools and showed their preferences over the two-dimensional tutorials without any statistical difference in
knowledge test performance scores. Nevertheless, it implies that the three-dimensional courseware resembles the anatomic structure
and provides a richer and more interactive experience, potentially supporting student learning (Langlois et al., 2020). The applicability
of Gardner’s theory of multiple intelligences, especially spatial intelligence, to this study, is mainly based on the focus on under-
standing and improving how spatial awareness and comprehension can be advanced in anatomical sciences education. This is espe-
cially important in an area where the ability to mentally manipulate and comprehend the elaborate three-dimensional structures is

essential.

3. Methods
3.1. Participants

Before recruiting students, the research was approved from the institutional review board. A total of 380 first-year medical students
participated (age 18-20 years, M = 18.64, SD = 0.62), including 206 men (54.2 %) and 174 women (45.8 %). All participants recruited
in this study were freshmen' attending a college of medicine in China. They had taken a college entrance examination but had not
taken any anatomical-related courses. Traditionally, students entering medical school at this institution receive higher entry scores
than for other general professions in China. Students randomly registered to the experimental (N = 194) or control (N = 186) section
taught by the lead instructor: a control (face-to-face instruction with two-dimensional anatomical courseware designed with

! Students in China are admitted from secondary schools to medical colleges based on standardized test scores. Chinese medical colleges do not
require a baccalaureate degree.
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Authorware 7.0) or experimental (face-to-face instruction with three-dimensional anatomical courseware of Visible Body). Students did
not know in advance which class was the control group and which class was the experimental group. Before the term began, the lead
instructor randomly determined which section was the control group and which section was the experimental group. Participants had
pre-registered into the two course sections; prior to instruction, the instructor randomly assigned one section to the control condition
(two-dimensional courseware) and the other to the experimental condition (three-dimensional courseware). Students under 18 were
excluded from this research; the ability and opportunity to explain fully the research study to the parents of those under 18 and the
timing of the study did not easily allow for their inclusion.

Three hundred and eighty students were recruited to participate in the study and were told that participation as a subject in the
study was voluntary. Both groups received identical face-to-face course instruction by the same medical doctor who is experienced in
teaching anatomy at the institution. The duration of each lecture was the same for these two groups. All students were required to

Preparation Phase
* Teacher training on 3D software
* Visible Body trial teaching & feadback
* Unification of teaching content

|

Pretest (MAT+ Revised PSWT:R) for Both groups (15t week)

Control group Experimental group

20 Courseware 3D Courseware
* Authorware 7.0 * \fisiblie Body
* Static cross-sections # Ratatable 3D models
® Linear presentation * Layer isolation
* Taxtbook diagrams * Dynamic cross-sections
* Instructar control ® Instructor control

[ |
¥

Face-to-Face Instraction (Same Teacher)

|

B-Week Anatomy Course
Identical Content Delivered Weekly)

E

Weeking schedule
week 1 Sensory & Visual Organs
week 2 Vestibulocochlear Organ
week 3 Intro to Mervous System & Central Nervous System
week 4 Spinal Cord: Structure & Reflexes
week 5 Brainstem: External Structure
week & Brainstem: Internal Structure
week 7 Cerebellum
week 8 Diencephalon

Posttest (MRT +Revised PSVT:R)+ Content Knowledge Tests (Both Groups)
Perception Survey (Only Experimental Group)
(9th week]}

Fig. 1. Overview of the instructional design and experimental timeline.
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complete all assessments for the class to meet class expectations but chose whether to have their data included in the research study. In
addition, the two-dimensional anatomical courseware used in the control group was regularly used by anatomy instructors in this
medical school. Two anatomical instructors (including the professor who delivered the course in this study) have experienced and
practiced the three-dimensional anatomical courseware, which was intuitive and easy to control, enabling the anatomical instructor to
adapt easily to this new tool. Moreover, the instructor also had collected feedback from some medical students in his current classes.

4. Course information

This study was conducted across the eight-week period which aligns with the eight-week course sections of the neuroanatomical
classes offered at the study site. Each weekly class was four hours in length and took place in a multimedia classroom. In the control
group, the two-dimensional anatomical courseware was used to show students the two-dimensional anatomical atlas and animations.
In the experimental group, the three-dimensional anatomical courseware was used to show students the three-dimensional anatomical
structure. For example, the section of cerebellum in two-dimensional courseware displayed the anatomical features of the cerebellum
(including lobus cerebelli anterior, lobus cerebelli posterior, vermis, arbor vitae, and pedunculus cerebellaris) with static atlas, ani-
mation, and text description. In contrast, the section of cerebellum in three-dimensional courseware displayed the appearance,
configuration, and position of the cerebellum (including lobus cerebelli anterior, lobus cerebelli posterior, vermis, arbor vitae, and
pedunculus cerebellaris) with text description.

All three-dimensional demonstrations were delivered by the instructor using the Visible Body software, which was projected onto a
large screen in a multimedia lecture hall accommodating over 190 students. Likewise, two-dimensional diagrams and atlases were
reviewed by the instructor as part of a fixed presentation (Authorware 7.0). Students did not manipulate either format themselves. The
two-dimensional content was reviewed for approximately 10 min, and the three-dimensional demonstrations followed for an addi-
tional 20—25 min per session. These durations were consistent across weekly sessions but not recorded at the individual level. To
provide a clear, at-a-glance overview of these experimental conditions, we have added a visual summary below (Fig.1.). This figure
depicts the preparation phase, pretest, posttest, instructional conditions (control vs. experimental),instructional tools (with design and
affordances), weekly teaching topics, and assessment timeline.

4.1. Course textbooks

The foundational concept knowledge was delivered via the textbook of Systematic Anatomy in Chinese, and knowledge of the
detailed appearance of neuroanatomical organs was provided in the Atlas of Neuroanatomy and Neurophysiology in English. In addition,
all students were provided with two-dimensional pictures and animations of anatomical pictures. This additional multimedia
courseware was designed with the software Authorware 7.0 by another instructor of anatomy in this college of medicine.

4.2. Three-dimensional learning courseware

In this study, the experimental group received instruction using the Visible Body Human Anatomy Atlas (https://www.visiblebody.
com/),a commercially available three-dimensional anatomy visualization platform. According to the Visible Body website, all medical
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Fig. 2. Chapter 20 menu interface (Chinese) in visible body courseware.
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models and explanations were developed by a team of biomedical visualization experts and validated by external anatomy professors
and medical specialists. The courseware is available in multiple languages (including Chinese and English), and students may use its
educational materials for papers or presentations at no additional cost. For our neuroanatomy course, the instructor arranged the
Visible Body modules to match the weekly syllabus.

Although students did not directly manipulate the software themselves, the instructor demonstrated anatomical structures in real
time. The software features high-resolution, manipulable three-dimensional anatomical models with the following key affordances:

* Rotate, zoom, and pan: view structures from any angle to understand spatial orientation.
* Layered dissection: hide or reveal successive anatomical systems (e.g., muscle — bone — vasculature).
* Transparency controls: adjust opacity to visualize spatial relationships between overlapping organs.

These interactive features were selected to support students’ spatial understanding of neuroanatomy. To maintain consistency,
each session included a brief review of two-dimensional materials (10 min) followed by a three-dimensional demonstration (20-25
min) using the platform. Representative screenshots of the three-dimensional interface are shown in Figs. 2 and 3 (Courtesy of Visible
Body).

This screenshot illustrates the module-based menu design in the Chinese version of Visible Body, showing how the neuroanatomy
chapters are organized for easy navigation and aligned with the weekly syllabus.

This screenshot demonstrates the layered dissection and transparency controls in the Chinese version of Visible Body, enabling the
instructor to reveal or hide anatomical layers and adjust opacity to clarify spatial relationships.

5. Measures
5.1. Content tests

The content tests included an experimental examination to assess the students’ spatial-related knowledge in neuroanatomy and a
paper-and-pencil test to evaluate the students’ knowledge of the foundational concepts of anatomy. These two content tests were
designed by the anatomical instructors in this medical school and have been delivered for over three years. These test items were
drawn from the anatomical test database designed by this medical school, involving numerous anatomical questions. Due to image
copyright restrictions, the details of these two content tests are not shown here.

5.2. Spatial-Related anatomical knowledge test

The spatial-related knowledge test included 20 questions presented as PowerPoint slides (@ = 0.70). Students had 20 s to answer
each question. After 20 s, the PowerPoint slide moved to the next one automatically. Each correct response was given one point,
resulting in a total score ranging from 0 to 20.
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Fig. 3. Brain cross-section interface (Chinese) in visible body courseware.
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5.3. Non-Spatial anatomical knowledge test

The non-spatial foundational knowledge test included 24 multiple-choice questions that students answered in a paper-and-pencil
format (@ = 0.71). Each correct response was given one point, with a total score ranging from 0 to 24.

5.4. Spatial ability tests

5.4.1. Mental rotation test

The MRT is used to measure the individuals’ spatial relation abilities (Vandenberg & Kuse, 1978), and the revised version was used
in this research (Peters et al., 1995). The MRT consists of 24 questions arranged across four pages. Each question item included one
three-dimensional reference image and four rotated images. Students were required to select the two rotated images that are exact
versions of the reference image. Students earned one point if they correctly identified the two rotated images that were exact versions
of the reference image. No credit was given if only one of the two rotated images was correctly identified. The total score ranged from
0 to 24. The test was administered in two sections, and students were given three minutes to complete each section. Caissie et al. (2009)
reported strong internal consistency reliability for the MRT (a= 0.91). In support of the construct validity of the MRT, Thompson et al.

(2013) found significant correlations between scores on the MRT and various numerical tests such as a numerical comparison test (r2 =
0.40). Given that reliability estimates are sample-dependent and may vary across contexts and populations (e.g., different age groups,
languages, or testing conditions; DeVellis & Thorpe, 2021; Streiner, 2003), werecalculated Cronbach’s alpha in our own sample. In the
current study, the MRT demonstrated good internal consistency, with Cronbach’s 0=0.818 at pretest and 0=0.850 at posttest.

5.4.2. Revised purdue spatial visualization test

The Revised PSVT: R was tested by Yoon to evaluate the spatial visualization ability in three-dimensional rotation of individuals
aged 13 and over (Yoon, 2001). The test includes 30 questions. In each question, students were first presented with two figures, a
reference figure and a rotated version of the same figure. Next, the student was presented with a different figure, and asked to choose
which of five rotated versions of that figure was rotated in the same way as the first one. Each question only had one correct answer,
yielding a total score from 0 to 30. Students were given 25 minto complete all 30 questions. Maeda and Yoon (2011) reported a high
Cronbach’s internal consistency reliability coefficient (0= 0.849) for the Revised PSVT: R in a sample of 585 engineering students. In
our sample, the Revised PSVT:R showed acceptable internal consistency reliability, with Cronbach’s 0=0.761 at pretest and 0=0.817
at posttest.

Although both MRT and the Revised PSVT:R involve mental rotation tasks, they assess different aspects of spatial ability. MRT
focuses on spatial relations, which reflect the ability to perform rapid and accurate mental rotations under time pressure (McGee, 1979;
Carroll, 1993; Langlois et al., 2020). In contrast, the revised PSVT:R emphasizes spatial visualization, which involves performing
multi-step transformations of objects in space. Given that spatial ability is a multidimensional construct comprising these distinct
components (Langlois et al., 2020), employing both tests provides a broader and more valid assessment of students’ spatial competence
in the context of anatomical learning.

5.5. Perception survey

The perception survey was adapted from a web survey designed by Sin and Al-Asmaris (2018). It was administered only to the
experimental group (N = 180) who attended the face-to-face classes with three-dimensional anatomical courseware. The survey
investigated students’ perceptions of learning with three-dimensional anatomical resources in anatomy. In addition, three questions
were deleted, and one more question was added to the questionnaire for this study, for a total of nine questions. The responses were
scored using a 5-point Likert scale coded strongly disagree (1), disagree (2), undecided (3), agree (4) and strongly agree (5). The total score
was the average across the nine questions. In the process of data analysis, the internal consistency reliability was assessed using

Cronbach’s alpha with a coefficiency value of 0.803.
6. Procedures

This research was a comparative study that used quantitative methodology to examine the effects on students’ learning outcomes
and spatial abilities with the application of a three-dimensional virtual learning platform in anatomy learning. In this study, both the
experimental and control groups were given the opportunity to acquire anatomical knowledge using a static anatomical atlas, while
students in the experimental group were also provided with three-dimensional virtual tools to enhance their learning experience. The
participants in both groups attended classes in two different classrooms.

This study was conducted in alignment with the eight-week neuroanatomy course taught in the medical college. The researcher
obtained permission from the dean of the medical college and the instructor who taught the neuroanatomy classes for students in both
the experimental and control groups. In order to recruit participants, the instructor presented the main purpose of this study and the
requirements for this study to the students at the beginning of the class. Students who expressed a willingness to participate voluntarily
in this study were required to sign a research consent form. The instructor informed all students enrolled in the study that the final
grades of students would have no relation to their participation and that they could withdraw from the study at anytime. Each student
was assigned a randomized number which was used to track student data. This study number was also used to identify the student
during data collection, so that the anonymity of individual students was maintained.
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Prior to the beginning of the anatomical lectures, all students were required to take a pretest including the MRT and Revised PSVT:
R to evaluate their spatial abilities. These two tests were paper-and-pencil tests and were administered by the instructor of the anatomy
course. The results of each student’s tests were recorded in digital form by the instructor and were identified only by the student’s
study number. These results were sent to the research assistant who maintained the data in a password-protected file.

The instructor then delivered his class in neuroanatomy over an eight-week period. Students in both the experimental and control
groups received traditional didactic lectures. The anatomical content in the experimental group was delivered with three-dimensional
anatomical courseware, and the anatomical content in the control group was delivered with two-dimensional anatomical courseware.
After eight weeks of learning activities, both groups were required to re-take the MRT and PSVT: R, as well as the two-part content
tests. In addition, the students in the experimental group were asked to complete the online perception survey. The instructor recorded
the results of all posttests, again identifying students only by their study identification numbers, and sent the results to the research
assistant by email.

7. Data analysis

Research Questions 1 and 1A—1B were tested using multivariate analysis of variance (MANOVA) and follow-up univariate ANOVAs.
Specifically, a one-way MANOVA compared post-instruction anatomical knowledge (non-spatial and spatial-related content tests)
between the experimental and control groups; RQIA and RQ1B were examined via separate one-way ANOV As on each content test.
Research Question 2 and its sub-questions (2A—2B) were evaluated using a two-way mixed-design MANOVA, with group (experimental
vs. control) as the between-subjects factor and time (pre- vs. post-test scores on the MRT and Revised PSVT:R) as the within-subjects
factor. Follow-up repeated-measures ANOVAs tested the pre-to-post effects for each spatial ability measure separately. To address
Research Question 3, a one-sample f-test was conducted to compare students’ average satisfaction scores against the theoretical
midpoint of 3.0, which represents a neutral response on the 5-point Likert scale (1 = Strongly Disagree, 5 = Strongly Agree). This
benchmark is commonly used in Likert-scale research to assess whether perceptions deviate significantly from neutrality (Carifio &
Perla, 2008; Field, 2024; Norman, 2010; Sullivan & Artino, 2013).

Prior to conducting parametric analyses, assumption checks were performed to ensure the suitability of the data. Normality was
assessed using the Shapiro—Wilk test, and results for all dependent variables indicated approximate normality across both groups (e.g.,
Post MRT: p = 0.057/0.058; Pre PSVT: p = 0.120/0.158). Levene’s test confirmed the homogeneity of variances (e.g., Pre. MRT: p =
0.537; Post_PSVT:p = 0.581). Box’s M test indicated no violation of the homogeneity of covariance matrices assumption (Box’s M =
0.548, p > 0.050). Furthermore, linearity between spatial ability test scores (MRT and Revised PSVT:R) was visually confirmed
through scatterplots. These results supported the use of parametric analyses such as MANOVA.

8. Results
8.1. Demographic information

At the beginning of the 2019 fall semester, 453 freshmen in the targeted college of medicine were invited to participate in this study
and 391 students agreed to participate. However, the learning performance of four students was excluded from the collected data set
because they did not complete the whole eight-week neuroanatomical classes. In addition, seven other students were also excluded
from this study because that they did not take the spatial ability tests. As a result, the learning performance of 380 students were
included in this research study.

8.2. Diagnostics for group equivalence

Participants’ ages ranged from 18 to 20 years (M = 18.64, SD = 0.62). The overall sample comprised 206 males (54.2 %) and 174
females (45.8 %). In the experimental group, 105 were male (54.1 %) and 89 were female (45.9 %); in the control group, 101 were
male (54.3 %) and 85 were female (45.7 %). Achi-square test confirmed that gender distribution did not differ between groups, X*(1, N
=380) = 0.001,p = 0.972.

To evaluate baseline equivalence in spatial ability, independent-samples t-tests were conducted on pretest scores for the Mental
Rotation Test (MRT) and the Revised Purdue Spatial Visualization Test: Visualization of Rotations (Revised PSVT:R). For the MRT,
there was no significant difference between groups, t#(378) = 1.393,p = 0.165, Cohen’sd = 0.143, 95 % CI[- 0.06, 0.34]. Similarly, for
the Revised PSVT:R, groups did not differ, {(378) = —0.651, p = 0.516, Cohen’s d = —0.067, 95 % CI[- 0.27, 0.13]. These diagnostics
indicate that the experimental and control groups were statistically equivalent on key demographic and baseline spatial-ability
measures. This enhances the internal validity of subsequent group comparisons.

8.3. Research question 1

A one-way MANOVA was conducted for RQ1 to determine the effects of two different instructional strategies on students’ learning
performance in anatomical courses. The students’ learning performance was evaluated by anon-spatial anatomical knowledge test and
a spatial-related anatomical knowledge test. Students in both the experimental and control groups scored higher on the non-spatial
anatomical knowledge test (MExp = 17.1, SDexp = 2.8; McTrL = 17.1, SDcTrRL = 2.5) than their spatial-related anatomical knowl-
edge test (MeExp = 13.8, SDExp = 2.8; McTRL = 13.8, SDcTRL = 2.6). Consequently, no significant differences existed in the degree of
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anatomical knowledge between the participants who attended face-to-face classes with three-dimensional course and those who
attended face-to-face classes with two-dimensional anatomical courseware, F(2, 377) = 0.012, p = 0.988; Wilks’” A = 1.000, partial n2
= 0.000. The results of the one-way MANOVA supports the null hypothesis that the degree of anatomical knowledge acquired by the
students who attended face-to-face classes with three-dimensional anatomical courseware did not differ significantly from the degree
of anatomical knowledge acquired by students who attended face-to-face classes with two-dimensional anatomical courseware.

8.3.1. Research question 1A

The RQ1A, a sub-question of RQ1, asked, “Is there a significant difference in the degree of non-spatial anatomical knowledge (as
measured by anon-spatial anatomical knowledge test) acquired by students who attended face-to-face classes with three-dimensional
anatomical courseware compared to students who attended face-to-face classes with two-dimensional anatomical courseware?” The
analysis of this research question refers to two groups (experimental and control group) and one content test (non-spatial anatomical
knowledge test). While computing the one-way MANOVA for RQ1, the follow-up test of univariate ANOVA under one-way MANOVA
was computed on one of the content tests (non-spatial anatomical knowledge test). For RQ1A, this one-way ANOVA was conducted to
determine the effects of two different instructional strategies on students’ learning performance in non-spatial anatomical knowledge.
The results of this univariate ANOV A showed that no significant difference existed in the degree of non-spatial anatomical knowledge
between students who attended face-to-face classes with three-dimensional anatomical courseware and those students who attended
face-to-face classes with two-dimensional anatomical courseware, F(1, 378) = 0.001, p = 0.947; partial I’]2 = 0.000. The degree of non-
spatial anatomical knowledge acquired by the students who attended face-to-face classes with three-dimensional anatomical
courseware did not differ significantly from the degree of non-spatial anatomical knowledge acquired by students who attended face-
to-face with two-dimensional courseware.

8.3.2. Research question 1B

The RQI1B, also a sub-question of RQI, asked, “Is there a significant difference in the degree of spatial-related anatomical
knowledge (as measured by a spatial-related anatomical knowledge test) acquired by the students who attended face-to-face classes
with three-dimensional anatomical courseware compared to students who attended face-to-face classes with anatomical courseware?”
As in RQ1A, the analysis of RQ1B refers to two groups (experimental and control group) and a content test (spatial-related anatomical
knowledge test), which was also investigated through univariate ANOVA under one-way MANOVA. The results indicated that no
significant difference existed in the degree of spatial-related anatomical knowledge between students who attended face-to-face classes
with three-dimensional anatomical courseware and those students who attended face-to-face classes with two-dimensional anatomical
courseware, F(1, 378) = 0.015, p = 0.903; partial I’]2 = 0.000. In addition,the results supported the null hypothesis that the degree of
spatial-related anatomical knowledge acquired by the students who attended face-to-face classes with three-dimensional anatomical
courseware do not differ significantly from the degree of spatial-related anatomical knowledge acquired by students who attended
face-to-face classes with two-dimensional anatomical courseware.

8.4. Research question 2

The main purpose of the two-way mixed-design MANOVA was to determine the differences of the combined dependent variables of
students’ scores in spatial ability tests (MRT and Revised PSVT:R) at pre- and post-stages between two groups (experimental and
control group). In these two stages, students in the experimental and control groups performed equally well in the spatial ability test of
the MRT (Mexppre = 12.60, SDexpPpPre = 3.3; MEexrrost = 12.44, SDEXPPost = 3.6; McTRLPre = 12.12, SDCTRLPre = 3.5; McTRLPost = 12.08,
SDcTRLPost = 3.8) and the Revised PSVT:R (MEexPrre = 14.70, SDExPPre = 3.9; MExPPost = 14.86, SDExPPost = 4.0; McCTRLPre = 14.96,
SD cTRLPre = 3.9; MCTRLPost = 14.65, SDcCTRLPost = 4.1). Consequently, no significant differences existed in the degree of spatial abilities
possessed by the students who attended face-to-face classes with three-dimensional anatomical courseware compared to the students
who attended face-to-face classes with two-dimensional anatomical courseware, F (2, 377) = 2.083, p = 0.126; Wilks’ A = 0.989,
partial I’]2 = 0.011. The results of multivariate tests for these two spatial ability tests supports the null hypothesis that the degree in
spatial abilities of the students who attended face-to-face classes with three-dimensional anatomical courseware do not differ
significantly from the degree of spatial abilities of students who attended face-to-face classes with two-dimensional anatomical
courseware .

8.4.1. Research question 2A

The RQ2A was a sub-question of RQ2, which asked, “Is there a significant difference in the degree of spatial relation abilities (as
measured by the MRT) possessed by the students who attend face-to-face classes with three-dimensional anatomical courseware
compared to the students who attend face-to-face classes with two-dimensional anatomical courseware?” This research question refers
to two groups (experimental and control group) and one spatial ability test (MRT) at two stages (pre- and post-stages). While con-
ducting a two-way mixed-design MANOVA, the follow-up test of univariate repeated measures ANOVA was also computed on one
spatial ability test of MRT. The results of this univariate repeated measures ANOVA showed that no significant difference existed in the
degree of spatial relation abilities (as measured by the MRT) between the students who attended face-to-face classes with three-
dimensional anatomical courseware and those students who attended face-to-face classes with two-dimensional anatomical course-
ware, F(1, 378) = 0.228, p = 0.633; partial r]2 = 0.001. The results of this univariate repeated measures ANOVA support the null
hypothesis that the degree of spatial relation abilities possessed by the students who attended face-to-face classes with three-
dimensional courseware did not differ significantly from the degree of spatial relation abilities possessed by the students who
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attended face-to-face classes with two-dimensional anatomical courseware.

8.4.2. Research question 2B

The RQ2B was also a sub-question of RQ2,asking, “Is there a significant difference in the degree of spatial visualization abilities (as
measured by the Revised PSVT:R) possessed by the students who attend face-to-face classes with three-dimensional anatomical
courseware compared to the students who attend face-to-face classes with three-dimensional anatomical courseware?” The analysis of
RQ2B was also examined through the results of the univariate repeated measures ANOVA under the two-way mixed-design MANOVA.
The results of this analysis were used to investigate the effects of two different instructional strategies on students’ spatial relation
abilities. It was demonstrated that no significant difference existed in the degree of spatial relation abilities between students who
attended face-to-face classes with three-dimensional anatomical courseware and those students who attended face-to-face classes with
two-dimensional anatomical courseware, F(1, 378) = 3.759, p = 0.053; partial I’]2 = 0.010. The results of this univariate tests support
the null hypothesis that the degree in spatial visualization abilities possessed by the students who attended face-to-face classes with
three-dimensional courseware did not differ significantly from the degree in spatial visualization abilities possess by the students who
attended face-to-face classes with two-dimensional anatomical courseware.

8.5. Research question 3

RQ3 was designed to investigate student perceptions of learning with three-dimensional anatomical courseware in the experi-
mental group (N = 180). One-sample f-tests were conducted to determine whether students’ perceptions significantly differed from the
neutral midpoint of 3.00. All nine perception items (Q3—-Q11) were significantly higher than the midpoint, with t-values ranging from
9.65 to 14.02 (df= 178—-179),allps < 0.001, indicating consistently favorable student perceptions of the three-dimensional anatomical
courseware.

Specifically, most students responded that the three-dimensional learning models were effective to aid in understanding the
learning materials in anatomy (M = 3.74, SD = 0.73), and the result was statistically significant, {(179) =13.765,p < 0.001. Similarly,
the survey data also demonstrated that most students agreed that the three-dimensional learning materials were informative and
related to the contents of the anatomical lectures (M = 3.77, SD = 0.81), t(179) = 12.779,p < 0.001. Most students also agreed that the
three-dimensional learning models could enhance their understanding of body constitution in neuroanatomy (M = 3.72, SD = 0.81), ¢
(179) = 12.031,p < 0.001.. In addition, most students agreed that the structures of three-dimensional learning models were clear and
distinct (M = 3.71, SD = 0.77), t(179) = 12.341,p < 0.001 and they preferred studying from three-dimensional learning models over
textbooks (M = 3.86, SD = 0.82), {(179) = 14.021, p < 0.001. Most students also responded that three-dimensional learning models
helped them to observe the abstract structures and understand their functions (M = 3.64, SD = 0.78), {(178) = 11.080,p < 0.001. Most
students also agreed that the three-dimensional learning models could increase the possibilities for exploring more aspects of their
anatomical learning (M = 3.77, SD = 0.80), t(179) = 12.878, p < 0.001. Furthermore, most students would like to have more three-
dimensional learning models as a learning aid in anatomy learning (M = 3.75, SD = 0.83), #(178) = 12.129, p < 0.001. As opposed to
the positive responses from students, the meanscore of one survey item was lower than 3.60, indicating less agreement that the three-
dimensional learning models showed the anatomical organ as it is in real life no matter the size of each model (M = 3.48, SD = 0.67),
though this result was still significantly above the neutral midpoint, {(179) = 9.643, p < 0.001.

In addition to analyzing individual perception items, an overall satisfaction score was computed by averaging all nine perception
items. A one-sample t-test revealed that the mean satisfaction score (M = 3.72, SD = 0.49) was significantly higher than the neutral
midpoint of 3.00, {(179) = 19.694, p < 0.001, 95 % CI [0.65, 0.79], further confirming students’ consistently favorable perceptions

toward the use of three-dimensional anatomical courseware.

9. Discussion

In recent years, studies on the effectiveness of three-dimensional learning tools in anatomy education have produced mixed results
(Bogomolova et al., 2020; Garcia-Robles et al., 2024; Lopez et al., 2021; Wang et al., 2024; Zhao et al., 2020). Despite students’ positive
attitudes towardimmersive three-dimensional demonstrations (Lisk et al., 2015; Al-Hor et al., 2024), it remains unclear whether these
tools yield measurable gains in knowledge acquisition or spatial ability. Our study directly addressed this gap by comparing neuro-
anatomy instruction delivered via instructor-guided three-dimensional courseware versus traditional two-dimensional materials. We
found no significant differences in post-instruction anatomical knowledge or spatial-ability scores between the two groups, even
though learners in the three-dimensional condition reported higher satisfaction and perceived utility of the demonstrations (Sin &
A-Asmaris, 2018; Sun et al., 2019). Interestingly, this unexpected equivalence echoes emerging evidence that, under certain cir-
cumstances, passive demonstration can rival or even outperform active manipulation in supporting large-scale spatial memory
(Lhuillier et al., 2024). Moreover, recent studies suggest that learner control over visualization, rather than immersion itself, maybe
the critical factor in fostering deep spatial integration (Yu et al., 2024; de Koning et al., 2022). To unpack these converging patterns of
performance and perception, we turned to Berney et al.’s (2015) six-step cognitive task analysis, which delineates the sequential
mental operations necessary for robust spatial learning. In the following section, we apply this framework to diagnose where our
demonstration-only design may have constrained deeper cognitive processing and to suggest how future implementations can balance
immersive appeal with active learner engagement.
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9.1. Mapping instruction onto a six-Step Cognitive Task Analysis Framework

In light of the positive student perceptions of the three-dimensional demonstrations, yet comparable knowledge and spatial-ability
outcomes between both groups, we analyzed our instructor-guided, demonstration-only design using Berney et al.’s (2015) six-step
cognitive task analysis. This model delineates the sequential mental operations required for learners to acquire and integrate com-
plex spatial anatomy knowledge.

In the initial phase, learners must actively segregate a target structure from its surrounding tissues and then encode its planar
outlines (Berney et al., 2015). In our protocol, instructors expertly used Visible Body’s layering and hiding features to highlight
neuroanatomical components, but students did not manipulate these controls themselves. Prior research demonstrates that
learner-driven segmentation tasks significantly enhance attentional focus and boundary encoding (Jang et al., 2017). Next, effective
encoding of two-dimensional shapes through sketching or labeling reinforces the perceptual foundation necessary for
three-dimensional reconstruction (Dechamps & Skulmowski, 2025; Koh et al., 2023; Na et al., 2022). Although both cohorts reviewed
standardized two-dimensional atlases, the experimental group did not engage in active drawing or annotation exercises, which may
have weakened early spatial integration.The third step involves reconstructing a coherent three-dimensional mental model by inte-
grating multiple two-dimensional perspectives (Berney et al., 2015). In our study, only the instructor navigated and rotated the
three-dimensional anatomical models during demonstrations, preventing students from undertaking hands-on assembly tasks, which
may have hindered active engagement and spatial understanding, as suggested by recent studies and meta-analyses highlighting the
benefits of interactive three-dimensional anatomy learning and showing that learner-driven reconstruction yields substantially larger
gains in spatial ability than passive viewing (Al-Hor et al., 2024; Bogomolova et al., 2020; Di & Zheng, 2022; Garcia-Robles et al., 2024,
Wang et al., 2024).

Once a basic three-dimensional concept is formed, learners must restore that structure within its broader anatomical context by
manipulating transparency and layering to appreciate spatial relationships (Berney et al., 2015). Our design showcased layered dis-
sections and transparency adjustments, but students observed rather than controlled these features. Research confirms that interactive
toggling of layers and opacity significantly enhances internalization of complex spatial configurations (Bogomolova et al., 2020). The
fifth phase, understanding dynamic behavior, requires self-paced exploration of animations depicting functional or morphological
changes overtime (Berney et al., 2015). In our sessions, animations ran at instructor-preset speeds without learner-controlled replay or
viewpoint adjustment. Studies have shown that allowing learners to control animation playback and perspective dramatically im-
proves comprehension and transfer (de Koning et al., 2023; Hasler et al., 2007; Yu et al., 2024). Finally, effective spatial mastery
culminates when learners relocate the structure into a holistic body schema—integrating cross-system spatial maps (Berney et al.,
2015). Our curriculum focused narrowly on neuroanatomy modules without whole-body navigation or three-dimensional-printed
model exploration. Emerging evidence suggests that immersive whole-body virtual tours and tangible three-dimensional-printed
models significantly enhance spatial integration, immediate learning gains, and student satisfaction (Brumpt et al., 2023; Brumpt
et al., 2024).

By threading these insights together, we see that limited student agency, especially during reconstruction, contextualization, and
dynamic-behavior phases, likely constrained the germane cognitive processing essential for deeper spatial learning. Future work
should contrast this controlled demonstration-only baseline with fully interactive implementations that empower learners to
manipulate and assemble three-dimensional models, control animations, and navigate entire anatomical systems to maximize both
engagement and learning outcomes.

9.2. Application of multiple intelligences in anatomical education

Howard Gardner’s concept of multiple intelligences can shed a lot of light on the results obtained in this study, especially spatial
intelligence. According to Gardner (1983), intelligence is a combination of cognitive abilities such as spatial Intelligence. In the study
of anatomy, architecture and engineering, spatial cognition is fundamental. However, Gardner’s theory is very applicable to the
investigation of different anatomical education instructional strategies in this study. Students employing three dimensional and also
two-dimensional anatomical courseware showed comparable outcomes. Gardner argued that space intelligence can be harnessed in
different methods (Gardner, 1983). The absence of major differences implies that spatial intelligence can be fostered by both the
courseware.

In Gardner’s framework, spatial intelligence refers broadly to the capacity to perceive, manipulate, and mentally transform spatial
configurations in the mind. In contrast, spatial ability often refers to specific, measurable components of this intelligence, such as
mental rotation and spatial visualization (Carroll, 1993; Langlois et al., 2020). In the present study, these narrower constructs were
operationalized through established psychometric tools (e.g., MRT and Revised PSVT:R), allowing us to empirically examine one
aspect of spatial intelligence in the context of anatomy education. Thus, while Gardner’s theory provides the conceptual foundation,
spatial ability represents the observable and quantifiable subset that we could assess in our study. This distinction has been emphasized
in recent literature, which views spatial ability as a multidimensional, trainable construct within the broader framework of spatial
intelligence (Di & Zheng, 2022; Langlois et al., 2020). Such distinctions are particularly relevant when designing instructional stra-
tegies that target the development of spatial abilities in anatomy education through tailored visualization tools.

The current study reveals that the students prefer three-dimensional learning models. Brualdi (1996) highlighted the importance of
a variety of teaching techniques to accommodate the multiple types of intelligences as identified by Gardner’s theory. Students’
positive commentsimply that a three-dimensional model could be more attractive or interesting, eventhough it does not improve the
effectiveness of the learning. Three-dimensional models are more active and involving, which maybe appropriate to Gardner’s spatial
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intelligence theory. The study’s findings are supported by the works of Jang et al. (2017) and also Lisk et al. (2015), which report
positive student attitude toward three-dimensional tools, without any significant differences in knowledge test performance variance
analysis. These align with Gardner’s multifaceted and individualized intelligence theory. Based on Gardner’s theory, students prefer
three-dimensional courseware although their performance is not very different from that in two dimensional versions to show vari-
ation among the preferences and intelligence types making it essential for a learner.

9.3. Three-dimensional tools and learning achievement

The research result of the current study is congruent with some prior research findings indicating that the three-dimensional
instructional tools would not positively improve students’ learning achievement (Anderson et al., 2019; Henssen et al., 2019; Lab-
ranche et al., 2022; Lin et al. 2019). Labranche et al. (2022) reported no significant differences in short term gains or long-term
retention when comparing stereoscopic three-dimensional models, two-dimensional images, and cadaveric specimens in a pelvic
anatomy task, suggesting that stereo depth cues alone without interactive slicing, labeling, or guided activities maybe insufficient to
enhance learning outcomes. Likewise, Bogomolova et al. (2020) found no significant differences in post-test anatomy scores among
stereoscopic AR, monoscopic three-dimensional desktop, and traditional two-dimensional atlas conditions, suggesting that stereo
depth alone without interactive slicing or guided activities may be insufficient to improve learning outcomes. A recent literature
review similarly concluded that stereoscopic immersive virtual reality did not outperform non stereoscopic delivery in anatomy
learning effectiveness and was associated with notable side effects, suggesting that stereo depth alone without optimized interactive
design may be insufficient to improve outcomes (Chytas et al., 2025).

The current study also mirrors one arm of the Anderson et al. (2019) study indicating that the efficiency of learning with
three-dimensional neuroanatomical tools did not significantly differ from the efficiency of learning with two-dimensional neuroan-
atomical tools. However, the current study is not congruent with the other part of the Anderson et al. (2019) study indicating that
students’ visual recognition was improved. Both Anderson et al. (2019) and Mayer (2009) suggested that the three-dimensional virtual
learning environments were so complicated that it added ineffective complexity to learning tasks. Learners could not actively perceive
knowledge and process new information due to poor instructional design that could split learner attention and overload learners
limited cognitive capacity (Mayer, 2009). Consequently, poor retention and knowledge transfer indicated that meaningful learning
could not occur.

Nevertheless, the results do not align with some published research findings indicating that the three-dimensional instructional
tools could impact students’ learning performance positively (Alharbi et al., 2020; Jang et al., 2017; Lopez et al., 2021; Zhao et al.,
2020). Although these researchers also investigated the efficiency of learning with three-dimensional virtual anatomical tools (Jang
et al., 2017; Lopez et al., 2021; Zhao et al., 2020), the different research setting, research subjects, instructional anatomical tools,
research methods, sample size, instruments, and learning objectives could impact the interpretation of the final research results. This
study indicated one possible factor of direct interaction, the lack of which could have caused the insignificant results in the current
study. Mayer (2009) indicated that students are required to be active processers while comprehending multimedia presentations,
enabling meaningful learning realized in a visualized multimedia environment. Yilmaz et al. (2015) also described that the
three-dimensional virtual learning tools with intense interaction could attract students’ attention in the learning process, which en-
ables innovative learning to be realized.

Furthermore, several recent controlled trials using specific VR hardware and software corroborate our non-significant findings (Ail
et al., 2024; Koucheki et al., 2023; Lopez et al., 2021). In a randomized crossover noninferiority trial of first-year medical students,
immersive VR (IVR) instruction and cadaveric bone models yielded statistically equivalent gains in upper- and lower-limb skeletal
anatomy knowledge (Koucheki et al., 2023). Similarly, Ail et al. (2024) compared Oculus-basedimmersive VR with prosected cadaver
stations and found equivalent performance for abdominal, upper-limb, and lower-limb anatomy, although VR was less effective for the
thoracic region (Ail et al., 2024). These studies underscore that without optimized, region-specific interactivity, immersive VR may
serve as a viable alternative but not a superior method for anatomy learning. However, other researchers indicated that significant
difference existed in students’ learning achievement of spatial-related anatomical knowledge between the instruction with
three-dimensional virtual anatomical tools and two-dimensional instructional tutorials, particularly with small-sized or delicate
human organs (Hu et al., 2010; Nicholson et al., 2006). It may be possible that the effectiveness of three-dimensional virtual
anatomical tools varies depending on the anatomy area the lesson is focused on. Turning our focus from learning achievement to
spatial ability, we then examined whether three-dimensional tools influenced students’ spatial ability in our neuroanatomy course.

9.4. Three-Dimensional tools and spatial ability

The current study found that the students in the experimental group possessed a similar level of spatial abilities in comparison with
students in the control group. Alternatively, the use of three-dimensional anatomical tools did not yield a significant performance
difference on students’ achievement measured by MRT and Revised PSVT: R in contrast to the two-dimensional anatomical tools.
Consistent with the previous findings (Gun & Atsoy, 2017), the current study did not find significant differences in performance overall
in spatial visualization ability training between the instruction with three-dimensional virtual tools and with traditional tutorials.
However, Gun and Atsoy (2017) asserted that the three-dimensional virtual tool could improve students’ spatial abilities, which could
be confirmed by the existing significant differences in spatial ability mean scores at the pre- and post-research stages in each group,
which the current study did not account for.

Multiple studies have presented the positive effects of using three-dimensional virtual tools in improving students’ spatial ability
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(Di & Zheng, 2022; Sun et al., 2019). As opposed to the current research, Sun and colleagues (2019) used VR technology. It has been
previously suggested that different three-dimensional tools may impact students’ learning differently (Di & Zheng, 2022). It is possible
that using VR technology, as opposed to the desktop software used in the current study, better supports growth in students’ spatial
ability. Similarly, Jang et al. (2017), found that students using direct manipulation of the three-dimensional virtual tools performed
much better in learning when compared with the passive viewing of the three-dimensional virtual tools. However, other research offers
a contrasting perspective. Consistent with the spatial performance results in the current study, Labranche et al. (2022) also noted that
despite the immersive quality of three-dimensional models, their lack of interactive features may have limited students’ spatial
learning gains, as performance did not significantly differ from that of learners in two-dimensional or cadaver-based conditions. This
conclusion is supported by Chytas et al. (2025), who reviewed several studies and found no significant improvement in spatial ability
when using stereoscopic immersive virtual reality, especially when the tools lacked meaningful interactivity (Chytas et al., 2025;
Gittinger & Wiesche, 2024). Additionally, Bogomolova et al. (2020) observed that students’ spatial test performance did not signif-
icantly differ across stereoscopic AR, monoscopic desktop three-dimensional, and two-dimensional atlas conditions, reinforcing the
idea that sterco visualization alone may not be sufficient to enhance spatial ability. These converging results suggest that stereo
visualization without meaningful interactivity may be insufficient to foster deeper spatial skill development.

9.5. Perception survey analysis

According to the descriptive statistical results of the student perception survey, it is indicated that most students in this research
have relatively positive attitudes toward the effects of three-dimensional virtual tools in anatomical instruction. This finding is
consistent with most recent studies on students’ perceptions of the application of three-dimensional virtual tools in anatomical in-
struction (Al-Hor et al., 2024; Baptiste & Abramovich, 2024; Chen et al., 2020; Garcia-Robles et al., 2024; Koucheki et al., 2023; Lisk
et al., 2015; Wang et al., 2024). Baptiste & Abramovich (2024) similarly report that community college students in a human anatomy
course viewed monoscopic digital models positively, although they did not consider them superior to all other curricular resources.
Student perceptions of usefulness varied with specific content topics, and participants appreciated the models’ informational clarity
without abandoning traditional materials. Moreover, students in the Lisk et al. (2015) study preferred to use these tools as a learning
aid in the learning process, although no significant difference was found in performance on an anatomical knowledge test between the
students with three-dimensional virtual tools and two-dimensional anatomical tutorials. These converging results underscore that
learner satisfaction with three-dimensional digital anatomy tools remains high. This satisfaction importantly complements our finding
of non-significant performance differences. Educators should therefore continue integrating three-dimensional and digital models, not
merely for test score gains, but to enhance learner engagement, metacognition, and informed tool choice within their instructional
contexts (Al-Hor et al., 2024; Baptiste & Abramovich, 2024; Koucheki et al., 2023; Lisk et al., 2015).

9.6. Implications and recommendations for future research in anatomical instructions

Generally, the three-dimensional virtual courseware more closely simulates the real anatomical structures as opposed to two-
dimensional anatomical tutorials (Langlois et al., 2020). However, one limitation existed in this study that students could not
directly manipulate or operate the anatomical models in the courseware. The positive effects of the three-dimensional anatomical
structures with direct manipulation or interaction in anatomy learning were confirmed by several studies (Jang et al., 2017; Yilmaz
et al., 2015). Therefore, it is recommended to conduct further studies in which direct manipulation is involved.

It is also recommended that future studies compare the effects of three-dimensional virtual tools on short-term and long-term
learning in anatomy learning. No retention tests were involved to examine the longitudinal effects of three-dimensional virtual
anatomical tools on spatial ability and learning achievements of anatomical courses. Jang et al. (2021) noted that learning increases
when involving more senses into students’ learning experiences. In the current study, the representations of three-dimensional virtual
tools are more visualized and intuitional in comparison with the traditional representations of two-dimensional tools. The
three-dimensional virtual tools provide enriched learning environments simulating the practical anatomical tasks to enable students to
acquire more learning experiences close to the real tasks (Lopez et al., 2021; Zhao et al., 2020). Future research could focus on the
effects of three-dimensional virtual anatomical tools on students’ retention in anatomical knowledge learning.

Finally, it is recommended that in future studies an effort be made to classify students’ spatial abilities while investigating the
effects of three-dimensional virtual tools in spatial ability training. Alternatively comparing the effects of three-dimensional virtual
tools in spatial ability training for students with high spatial abilities as opposed to the traditional tutorials in spatial ability training for
students with low spatial abilities could be enlightening. For instance, Bogomolova et al. (2020) found that though students with lower
spatial ability continued to score lower on achievement tests in anatomy courses, they still showed significant increases in their
learning when comparing pre- and post-tests.

10. Conclusion, limitation, and future directions

It still should be emphasized that these computer-assisted anatomical tools could complement anatomical instruction instead of
replacing the traditional instruction of cadaver dissection or prosecution because tactile information about human organs cannot be
conveyed through virtual tools ((Langlois et al., 2020). In this study, the results did not indicate significant differences in the effects of
three-dimensional anatomical tools versus the two-dimensional anatomical tutorials on students’ learning outcomes and spatial ability
in anatomy learning. Nevertheless, most students perceived the three-dimensional virtual anatomical tool as an effective and helpful
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learning aid in the process of anatomy learning. Because all content was delivered in fixed, instructor-led lecture blocks in a
large-group theoretical format, we did not capture individual time-on-task for either modality. We also measured only immediate
post-intervention performance and relied on two spatial tests (MRT and Revised PSVT:R), limiting our insight into long-term retention
and broader spatial cognition. Future research should explore smaller-group or lab-based implementations that enable hands-on
manipulation of virtual models, use software analytics or learning-management tracking to quantify individual engagement, and
include delayed posttests to assess retention. Expanding spatial assessments to include navigation tasks, Virtual Reality interactions, or
tangible three-dimensional-printed models will clarify which affordances most effectively support cognitive and spatial learning in
anatomy education. Numerous studies both support and refute the benefits of three-dimensional virtual tool in anatomy learning. The
present research findings further demonstrate that the question of whether three-dimensional virtual anatomical tools are beneficial is
not a settled debate.
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Association between sleep fragmentation and body composition/blood pressure among 12- 15-year-old female students

in Nanyang City

WANG Qing™, SHI Binggin, XU Guochang, LIU Rongzhi, HUANG Hua
*Department ofAnatomy, Nanyang Medical College, Nanyang 473000, Henan Province, China
[Abstract] Objective To investigate the correlation between sleep fragmentation and body composition/blood pressure in female
students of middle school, so as to provide theoretical guidance for preventing health risks associated with sleep fragmentation.
Methods From September 2022 to December 2023, 505 female students aged 12-15 years in Nanyang City were selected through
stratified cluster random sampling and conducted Pittsburgh Sleep Quality Index(PSQI) survey. Participants were divided into Q1-

Q4 groups based on sleep fragmentation index (SFI) quartiles. Body composition and blood pressure measurements were measured

by adopting body composition analyzer and traditional mercury sphygmomanometer, and data were analyzed using x? tests and |inear
regression. Results Significant intergroup differences for Q1 -Q4 were observed with increasing SFI levels for body mass index

(BMI) , fat percentage, muscle mass, bone mass, trunk fat percentage, systolic blood pressure, diastolic blood pressure, and PSQI

total scores (F=15.25, 7.33, 8.38, 5.97, 11.24, 16. 85, 6. 87, 15.73, all P<0.05) . SFI showed positive correlations with BMI, fat
percentage, trunk fat percentage, and blood pressure(8=0.37, 0.45, 0.34, 0.42, 0.38) , but negative correlations with muscle mass

and bone mass( 3=-0.35, —0.48) (all P<0.05) . Thex? trend test revealed a significant increase in hypertension detection rates with

elevated SFI (x2=42.75, P<0.05) . The x? testing demonstrated statistically significant differences in hypertension incidence among
different quartiles grops (x2 = 14. 16, P<0.05) . After adjusting the significance level, hypertension incidence differences remained
significant between Qland 04 (x?=10.77) , 02 and 04 groups (x?=6.28) (both P<0.008 3) . Conclusions Sleep fragmentation
correlates significantly with body composition and blood pressure indicators in female students of middle school. Implementing sleep
fragmentation interventions is essential for safeguarding female students’ health in middle school.

[Keywords] Sleep; Body composition; Blood pressure; Female
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* 1 FEFERALE SFI. kD, ME. PSAI BERHER (x=s)
Table 1 Comparison of SFI, body composition, blood pressure, and total PSQI score among girls in different age groups(x=s)
BMI/ SXFAERR A TERBERR WaEE/ EFIRIE/

" 3 SRR /0 = n= R : >
12 129 19.90:3.09 2068481 209653/ 2838519 21051  21.06+4.06 7724427 106261364 6300346 481+1.80
13 135 20.3+3.86 21.44535 20/£4.25 30.28+7.19 2.07£053 2207497 2714354 107.78%+15.47 64.32+4.25 5.17£2.00
14 130 21.23+2.61 21.80+4.58 2214550 29.80+6.02 215049 2225+4.13 27.55+3.88 107.99+14.00 64.38+4.49 5.37/+218
15 m 22.5%+4.01 28/+479 2230455 306/+513 202+0.46 21.46+519 27.71+3.47 109.58+10.15 66.06+3.36  5.67+1.47
FE 13.50 4.16 3.22 3.52 1.49 1.85 0.7 1.9 1.4 4.38
P{E <0.01 <0.01 0.02 0.02 0.22 0.14 0.54 <0.01 <0.01 <0.01

¥ - 1 mmHg=0. 133 kPa,

£ 2 AR SFl Bz&ERpsn. MER PSQl S5 (x £s)
Table 2 Comparison of body composition, blood Pressure, and total PSQI score among girls in different SFI groups(x=s)

SFI BM1L/ g TR B ERER

522 /) = =N 4rm = < [ r;. \
448 (kg - m2) REinER/% INPIE/ke =E/ke =/ 2= /% WegEE/mHg  £F5KE/mmHg  PSQl &%
Q1 126 19.84+4.18 21.09+4. 55 34.12+5.06 2.17+0.63 20.25+3.99 28.28+3.%5 104.77+£11.59  61.87+6.21 4.32+1.28
Q2 121 20.16+3. 81 21.50+5.27 33.99+4.39 2.14+0.44 21.06+3.76 28.06+3.83 105.46+13.42  62.54+5.30 4.43+1.51
Q3 126 21.57+5.07 22.08+5. 64 32 78+4.98 2.06=0.56 2.12+4.50 27.71+3.59 107.0613.91 62.67+5.49 4.43+1.51
Q4 126 23.32+5.19 23.95+5.50 31.47+4.90 1.9120.49 23.271+5.14 26.98+5. 45 113.00+14.33  64.97+6.02 5.63+2.20
FE 15.25 1.3 8.38 5.97 11.24 2.26 16.85 6.87 15.73
P{E <0.01 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 <0.01 <0.01

7 : 1 mmHg=0. 133 kPa,

2.3 THERERCERZX RS FMENS G
PASFI, B&KEE (B=1, &=0) . BiPERERE §F-
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REZE, LMFRoIERINEAETE, #1787T
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KRB SFI SBML. BEinER. TSR, WdsEEF
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5<0.05) , 3k 3.

®3 TEMRS. MEZWERFRNSITEER TS (= 505)

Table 3 Multivariate |inear regression analysis of factors influencing girl body composition, blood pressure,

and total PSQI score (= 505)

- B e AR B8

== B & t{E PE B & t{E PE B & tE PE B{E t@E P{E
SFI 0.37 065 00 0.45 0.65 0.0l -0.35  0.69 0.0 0-48 1.2 0.05
B&k# 0.31 1.8 0.01 0.46 211 0.03 0.8 215 0.0 081 057  0.02
FEERM 016 1.3 003 - _ _ 0.26 214  0.02 0.2 237  0.04
RERIERTE -0-23 0.05 0.04 -0 18 233 0.01 0.24 3.20 0.02 0.36 1.89 0.04
|=Ea:c) _ _ 0 .12 0.06 0.02 _ _ _ 0.22 0.15 0.04
BREIREHEN 0.21 3.00 0.01 0.31 1.81 0.03 0.13 276 0.02
SHEHK 015 033 003 030 094 002 _ _ _ 052 238 004
— RF AR B TEAERE W4s = EF5KIE

== BlE t@E PE ~AmE t&E PE ~BE tE PE  BE tE P&
SF1 0.34  0.97 001 0.25 1.74  0.01 0.4 020 0.0 0.38 0.3  0.02
Bk 025 315  0.04 _ _ _ 0.2 1.75 0.0 _ _ _
RESM

B SRR R -0.34 0.8  0.02 -0.25 2.21 0.04 0.3 2.4 0.03 ©0-2 1.9  0.03
B - D 2 =2 i - i
BREREHEA 0.20 233 003 _ _ _ 0.2 1.3 004 _ _ _
S EHA 0.16 0.9  0.03 _ _ 05 315 0.0 0.3 232 002

2.4 THEEMEEHEBER HEHSIE3 &, & 3 i

HEA 7. 72%:01

T 4 AlEEED

BE4 7,9,

19 &, Cochran-Armitage ¥R TR FES SFI F+
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RESREFITFEN (P {E15<0.008 3)
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A Study on the Current Status and Influencing Factors of Learning Motivation Among Col lege Students
Hu Xiaobin', Ye Zichen’, Yang Yinan’*, Shi Xiaoru', Jing Lipeng', Wang Long', Du Yufeng', Qi Rui', Song Xiaoying'
(1. School of Public Health, Lanzhou University, Lanzhou 730000, Gansu, China: 2. School of Population Medicine and Public Health, Chinese Academy
of Medical Sciences &Peking Union Medical College, Beijing 100730, China; 3. The Fifth Afiliated Hospital,
Sun Yat-sen University, Zhuhai 519000, Guangdong, China)

Abstract : Objective : Taking a comprehensive university as an example, this study aims to reveal the current status of learning
motivation among col lege students and to explore the factors influencing learning motivation, so as to provide evidence for promoting
teaching reform. Methods: Data were collected using a questionnaire survey. Correlation analysis, one-way analysis, and multivariate
logistic regression analysis were employed to examine the factors influencing learning motivation. Results: Approximately one-fifth of
college students exhibited insufficient learning motivation. Non-humanities and social sciences majors, not serving as student leaders, low
mood, and inappropriate behaviors were identified as risk factors for insufficient learning motivation, whereas positive learning attitudes
and strong learning interest were protective factors. Conclusion : Learning motivation is influenced by multiple factors, including academic
major, student leadership roles, learning burnout, and personality-related factors.

Keywords: Learning motivation; Influencing factors; Current status; College students
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Analysis of the Ten-Year Development of the Three-Year Clinical Medicine
Curriculum System and Suggestions for Reform
Wang Dongyi, Chen Honglian, Wang Chunyun, Wang Ning, Wang Jianguo”
(Department of Medicine, Luohe Medical College, Luohe 462002, Henan, China)

Abstract : This study analyzes the current status of the three—year clinical medicine curriculum system and compares it with that of ten
years ago. The results indicate that after a decade of reform and development, significant progress has been made in curriculum system
construction. However , the curriculum structure remains largely discipline—centered, and the arrangement of courses and teaching hours still
requires further standardization. It is recommended that future reforms be guided by competency-based principles, promote the
transformation of curriculum models, refine course design, and continuously optimize the curriculum system.

Keywords: Clinical medicine major; Curriculum system; Comparative study
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Exploration on the Path to Improve Teaching Ability from Professional Course Teachers in
Medical Vocational Colleges to Double Qualified Teachers

WEN Wenjing!, WANG Ning?*, MA Yongchao?, KANG Hongyu', LI Zhuolun®, WANG Minli*, CUI Dongtao>
(1. Quality Evaluation Office, Luohe Medical College, Henan Province, Luohe 462000, China;
2. Academic Affairs Office, Luohe Medical College, Henan Province, Luohe 462000, China;

3. Department of Stomatology, Luohe Medical College, Henan Province, Luohe 462000, China;

4. Second Affiliated Hospital of Luohe Medical College Henan Province, Luohe 462000, China)
Abstract: In the era of ideological and political education, vocational education, and big data informatization, the teaching quality of
medical vocational education is facing new challenges and requirements. At present, the shortage of “double qualified” teachers and
teaching teams with both theoretical and practical teaching abilities has become a bottleneck problem restricting the high-quality de-
velopment of medical vocational education teaching reform. The teaching ability of professional course teachers in medical vocational
colleges, especially “double qualified” teachers, should keep pace with the times. The foothold and starting point for improving teach-
ing ability is the “double qualified” evaluation standard for reconstructing the theoretical and practical teaching ability of professional
course teachers in medical vocational colleges. This article mainly discussed the current situation of teaching ability of professional
course teachers in medical vocational colleges in the era of intelligence, as well as the “double qualified” path to improve their teach-
ing ability.

Keywords: professional course teacher; double qualified teachers; teaching ability; medical vocational college
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Investigation and Analysis of Medicinal Plant Resources on the Campus of Jiangxi College of Traditional Chinese Medicine

YUAN Yuanjian, LIU Shaoxiong, HUANG Xiuzhi, HE Pingping, WANG Lijun*

(Department of Pharmacy, Jiangxi College of Traditional Chinese Medicine, Jiangxi Province, Fuzhou 344000, China)

Abstract: Objective To master the current situation and distribution of medicinal plant resources in Jiangxi College of Traditional
Chinese Medicine, so as to provide scientific basis for the protection and exploitation of campus medicinal plant resources. Methods
The characteristics of medicinal plants resources in campus were investigated by means of field investigation. Results A total of 127
species of plants belonging to 115 families and 66 genera were found in campus. The life forms of medicinal plants included herbs,
shrubs, trees and grass vine, among which herbs were the most(52.76%, 67/127). There are 8 types of medicinal parts of medicinal
plants, mainly concentrated in whole grasses, fruits and seeds. In terms of the medicinal effect, mainly concentrated in clearing heat
and promoting blood stasis drugs. Clinical efficacy can be divided into 17 categories, mainly concentrated in the heat and hemostatic
drugs. Conclusion The medicinal plants in campus are rich in species and high in diversity, which can provide practical opportunities
for the teaching of Medicinal Botany and cultivation techniques of medicinal plants.

Keywords: medicinal plant; diversity; resource survey

2 el AL 400 A el S A 1 B B R O3, TR R T
PA R AR NI R R AT VT 1 =T R N
(IREMEE) XN Ad MR REE . HHRT
24 e S O] PR SOA B B S PR A e A
Yol Rl o dr At oL, AR I RN 44 SR
“Baitats AT, RAARELE D R
YL AR TR, REA P il g
FEARAYA AR R M S EAR, R R ae ik 2
fil ok 2 A T AR ) A AR, A A AT RE SE A M AR 9 AR
FIRAE RSSO . KR A iR B R WL

*HEWE : TS L R ER R AT E [No.
2022CX02)
XIBIS1EE . wwww736@163. com

https : //www. cnk:i. net

184

FRAEEREY Y . BRI 2 Y R, X s AR R
B ORI 2 - 2 S A G S R B, SRR E
B . BURREZE BRI, NI 25 Y
36 B} 79 JB103 Fh . ERNSE M) b T WIBHITE & 55 L R
FRAHMEMPIMIE, EER . AR LR K
R el A 25 A D R R SL AT 44F) 88) 108Fh, ol 14
Yk 95.4%, FEAKIY G 65.7%, F NN Y 47.2%, H
AIEAAER DL Y 5 24.1%.

TR R LR CPRR “BRIR” ) dithi
1000 &R, ARV T “ b —HABCER T ExA. YR
TS 7 m BN, WLEY . #EHNEIR
M, =H UL “AFe” “GhkEzs” EE
VL PE BN T . FRARA T W AT T AR, SER



ISSN 1671—-7864

CN 41-1330/2Z

AFRLRANFIZFR

JOURNAL OF LUOHE VOCATIONAL AND TECHNICAL COLLEGE

2024.5

$23% S5
Vol.23 No.5

CAC]) [ B ENRT

RCCSE P EZ.LF AT
EERUTHRTPEREEEE
tCAJ—CDHED AT F AT
2EERETRANEFIE—FTR
TEE.OEBT(EE) HIEEERER

FE A (CNKI) f5 T #UERE W F iH T
PEFABHE ST EIBES T RET
EREFHESHFF LB MEELREN

omE o - 3RO

185
T3 75 s



BT LALSRER B &

T T AT 25 BT ) T TSCHAFIALIL v vvseveenesnnsmmsmnssssses % R B EHE(])
"5 AR
BT ALY I B ceeereneeesssrnnnanesnsannnnennnenneees B i X EF(17)

ZFHR MR B R 2 ARl e T o
PSR | EL ] cevneeransernnreeresssneaenssnanaessasannessennnnnesensnenes 4 3 EE(22)
B % Rl R REAEE R & R REIRECE LAy S

e R VKL Sy B T A wovveressnnnesnnssnnnes 3 47 B RS R K, & AI(30)
K FFHE o ZE AT BN AL FE T3 oveeeeereeresrnesunsnssansnssnssnassessaaaenees 35 4 (38)

BOEAL T A 25T B B R T L 5 R 25 BUHEST oo vovveronssormssonsssnnsnennses. 508 7] (44)
£ AR VLRSS B R i IR BB QI L B BE AR weeveeresersessnssnnssnnsansnnnns T 34(48)
R b (S48 S AL RS HEBE 28 TR B HLHEGT  cevverenrsersnsseranssrsunssnsusssnnssssnnses 45 4](52)
N TR REMEREF AT T G AL AA FRAESS TG G ooveemeemeemrcnimnnennees i 30(56)

186

FiTi 8



2024 FE 5 HA F235F5H

FH S Bl R 2 ) SRR R B RR 5
e EAM E Tk, BAK, 2EE(62)

Hh OB C AR B HERE SR S 1 98 A PR S PR S SCRRIIERE <oevesmeesmmmecsess IRZAR(67)
AR TR S BT R B soosiraisibotiniivabeibnibdbsisndioisnabnituassitiisianiinisiiins. FEANFCTS)

o i T OFES AR DRI A CIANE BB o XAH, FLL(T8)
SOWAIHE Qe AR, svoseessnsnaisessansnisnsisssnsmnsssissinnissssnsnisnisssnnssnnis 3y Mt B P(82)

W R TAEEBIRTACIY coecoessssneiaasssasanioissasnnionsnssnassnsnssnassarsasossancs Wi BE(S7)

R A AETE G O T SR HERFTE coreereersrersemsinsmsessnsssunssussssanssansns S 44£(9])

— WL IR BT S T B IR T B ORI o coevemssesnisens 3 I ST E(95)
HHETR T A2 (5 B B SR TL MGG oveeevrosesssessonssnsosusnssssansassasasnss £ ££(101)
GIPEFL I B bR T 17U B L p B e B A

LB T ke B aenavrasassnssanea s aaeanessnsnnsss sy s e R 4G 104 )

MEFIEA SR . CN4L - 1330/Z  *2002*L*A4*108*zh*P* ¥ 15.00%20+2024 - 09

187

FiTi 8



Journal of Luohe Vocational and Technical College
Yol.23 No.5 September 2024

MAIN CONTENTS

Explanation of Cultural Characteristics of Chinese Characters with Long( 18 J—radical in Shuowenjiesi
R B B B B e B R ||uang .Iiﬂﬂjilll-. Li Guu}'ingf 1)
Study on “Can{ % )"and its Homologous Words
—Homologous Word Linking Based on Shuowengiezicsoeeesserserrsssnnsinnnenence Sun D, Wu Jianyul 17)
HResearch on the New Path of Rural Tourism under the Background of Rural Bevitalization Strategy
—Taking Luanchuan County, Luoyang City as an Example =resr=rrmrerereonsnmensensenees Yopo Ruihoi(22)
Practice and Thought= on the Digitalization of Rural Resources from the Perspective of Urban—rural Integration
Development
—Taking Xinjin District, Chengdu City as an Example sreesrsrssisssanassnnsnassnss Shang Hehuil 25)
Optimization of Formula and Processing Technology of Oat Slurry lee Cream
ssesessssseniesiaaianinaiesananense L Ke, Cui Huiling, Deng Xiaoxiao, Meng Fancong( 30)
Sources, Effects and Treatment Methods of Antibiotics in the Aquatic Environment  <===<+==+=+=+== Xje Enhuil 38 )
Exploration of the Path to Innovation and Entrepreneurship Education in Higher Vocational Colleges under the
Background of the Rural Revitalization Strategy s»ssserssteerecrseiesionicscncsescinctnsmanisnionisusenionns L Ling(48)
Study on the Current Situation and Mechanism of Precizse Distribution of Network Culture in Higher Vocational
Colleges =ssreres onnessrs e s et st et senseessenes Yane Jian(52)
The Current Situation and Reflection of the Cumieuluom Design of Practice Teaching in Climical Medicine Major
in Higher Vocational Colleges s==x+=====+« Wang Dongyi, Wang Ning, He Xin, Ma Yongehao, Wang Jianguo(62)
Logical Theory and Practice of Promoting Cultural Self-confidence and Self—improvement from the Perspective
of Chinese Path to Modernization «=====ssss=ssesesssseassmenaiiamasissnsssnnssesnssessnnssssnsessnnees Peng Gaoyal 67)
On the Regulations of the Endorsement of Virtual Idols by Economic Law «+ssessreesssscaracesaasas Gup Hexin(74)
Discussion on Fan Zhongyan's Concern for State Affairs <reereeessresssssessssnenns Yane Xi, Yang Haizhong(82)
On the Historie Mission of {.:ill|i;_.',l‘tt|l|1t‘.l‘.‘i"'"“““'"'"""'"'""""'"'"'"'"'"'"'"'"'"'"'"'"'" Shi Hui(87)
Study on the Problems and Countermeasures of Archives Management in the New Era =-++=+ Huang Menghua(91)
Practice of the Teaching Reform of Data Mining Courze under the Background of First—class Core Curriculum
CONSIFUCHDN  *+essesesessnmessssmmessinissitsssnssannnsssssnesnnssssssnesnssnennssnssssnsssne Li Nago Xuan Hejun(95 )
Research on Strategies for Improving Information Literacy of College Students in the New Media Environment
--------------------------------------------------------------------------------------------------------------------- “.'” I'[l."l[ I{]I }
The Path to the Construction of ldeological and Political Education Through all Cuwrricula in Administrative
Management Majors under the Target of Creating Excellence and Improving Quality

—Taking Tieling Open University as an Example soeerressssmsssnincncnnnnes Lig Benxiul 104)

188
J375 88



SRR & 5 N R |

LUOHE ZHIYE JISHU XUEYUAN XUEBAO

(WMATF, 20024F 4T )
20245E S50 | 2124 )

EEHA
Eirgfr.
SR AR

* .
* £
FHMmigit:
it k.
B =
B &
BT :
E Il 22 43 -
EiTHRAL:

BITEM -

(] o e o 32 52t W) 45

H234: S5
2024% 9 HIE

FMEHAET
TR I b A
TR o] R e ol AR 22 B o 4 R

T Sl ekt

7l ¥ 1

A% 6

ST T R il e B 123
462000

0395-59835638
lhzyxh@126. com

A 7 A 22 B R R4 A R A A
SRR Bl A 5 B 4 4548 0

[ 4 4 A TF 557

ISsN 1671-T864

[ PN 45— 2% & R

7375 Hds

CN 41-1330/2

JOURNAL OF LUOHE
VOCATIONAL AND TECHNICAL COLLEGE

( Bimonthly,Started in 2002 )
Mo.5 2024 [ Serial No.124 )
Yaol.23 No.5
Seplember 2024

Administrated by
Sponsored by Luche Vocational and Technical College
Edited & Published by

The Education Department of Henan Provinee

I"J]i“lri"l [}I"]lHTt"“:l]r I::I{Jl::l"]'"}]l (I'I- ].-l“'lh“
Vocational and Technical College
Chief Editor: Xing Shujie

Director: Ihmlg Minwed

Cover Designer: Li Xiaowei

Address: No.123 Dayue Rd.Luohe,Henan,China

Post Code: 462000

Tel: 0395-5983568

E-mail: Thzyxh@126.c0m

Printed by Henan Roizhiguang Printing Co. Lid.

Distributed by Editorial Department of Journal of Lunhe
Vocational and Technical College

Distribution: Domestie and COverseas

ISSN 1671-7864

0 9>
Efr: 15.007C ”ml

FIT1671°786241

189



$23% %5 B AR R I F R Vol.23 No.5
2024 ¥9 A Journal of Luohe Vocational and Technical College September 2024

doi:10.3969/j.issn.1671-7864.2024.05.011

BRI RES S\ SRR B S B

H
5

ERE, £ T, B K, BKE, TEE

R EFHFFAFAR AN, Td ET 462000)

JORN
@ ¢

A EESESESESESESESESESESEESEESEEEEEEEEEEEEEEEEEEEEEENEENEEEEEEEEEEEEEEEEN

M OE SREARGRAEFELURAGRA S, ARES TANMGAHERFSHELA L0k, i@
FEAPHEBRERERESF L ERAFIRLRE, REEFATEROARRTRT, REGHEZHT AL,
ABRIRALRE KA E TR R FE, RTFAFTREARGE, 2T MU EBEHLFRMLILE, BHAEHhA. BB
BEGRRERE, B W7 E, miRERESNTRNEZIE, TAELHAER., BHFEALRE I A,
ARk B NG . BB R A kR vk,

XHEA: R, BRES; FRES; RAERE, AE

FESHES: G642; R41 NEMRERD: A NEHRS: 1671-7864 (2024) 05-0062-05

IRERATBEFNERBTNZORS, B (Z) FRISE
BiREXLERZMATEFNRE, LHRRER KARKABEAED T EARIE. ST

HEEBISRERIZEHT, REEBCARGRT  FRENTERHFENSMNHEEN. EEMNER
BefeRe . ATEFZHEEKRYE, EFTHIRERN RUSCIORAE, IRARMERRINS. £, LIRIRSIMNSE
REBFEEREN., ARFMA " ¥ ZEMEARS JEXAENSE TR Y. REEZF
M, IMREFEV—BEFESERHFRRAE. GK  SHRERORESHEEICTIE. SCRIREM "Hie+
WERDEPSEMASEARRENEDE, UKE L RE. SETHRERATEFRSE, Lk
RERENNETHIRAFHRNRET, #HME - REEIIRRGEREED)RE. IRRIS. EIK
HIEREZEWASEARENRSESRNHAR )l EREETRERSTIMLEHE (HEL

SRR, ) . ImARFALENREITEAIEI TRRSES Sk
. EEE HERTIRE . BR 13 b E 75 Wb ERIT
N=FHIRREFEWAAEFRLE, BE DE

(—) BHER EIRERN, SEREEN. B, RITLUNRSCER

ARRFERNARETEXAMMARNS 288, HESNAEEZ2024 43826 B,
HORSRIS. BRI (1) RE=EHIGRE T T
SE0EE, 7 "SESIGRESS AR O

HEINAT" HAFTCENEZSIRBR M 1825 (—) RS SHEIN
fr.  (2) DEHHNEN "SFRAMTIE" 2023—2024 F ZR0, 13 bRIaREFZEWRIEEER—

EAEEERRRHFERA0 BRI P . (3) BRIREA ¥, FRRETHIECIRE.  "ENO+SCE 1SRRI
Wit AN F=FHIEREZEWAFTEZLHE. Fa HIFEERRA (WFR1), =HKEEOIIRELDELLH
WNFTRERIBRIRE 13 B, ISREERHE. PRE1737% (8617]) . 7697% (381]7]) . 566% (28

s HER: 2024-07-13

BEEmB: "IHEsREAFHITEN" BIE (FERM (2023]) 248 5) EAEFEFERIFR 2023 FEREIHT
B (2023SK02); EAEFEFERFR 2021 FEHBHRFNEMAIE (2021-LYZIGZD005)
EEREN: ELE (1991—), &, WERUA, BIEFSFERERND, ML, AR EFEF5EFEFUE.

REXIM  https://Www.cnki . net 190



R EIXN R

e

%54 5

SREREEESE L EERBFRELATTARE L

63

) . ALERNEETERE (D) | (e, BIER
AL, SUEMETEERET ST A
23902 [, SUSTHREERRSARASD. I
RRSIE6 (IR,

(Z) SCEIRERES

13 iR IRESR | TR
K, ATEERR GUERME SUABRSAES,
BRSO BIRSRERI267. 220, 42305, =%
AR SRR 5 LR ST A SR AU E S EE S B

38.40%. 18.24%. 43.33%, SCIGSCY)IIRAT GRS
908 Y. E{EBTiR401 0. Y645 0t, Bt
REREFERA 2.26 5. MRLIZMNHEEERR
1344 07 (48[8) . ERIEFEIR 10080 (36/F) . Y
1163 Zht (41.54 [F) , ZERREREERAT 1.33
& . LHRHAFENHESER 2065 0, &RIKHRR
1577 0T, FtY 1808 Y, HREFREREEIRAY
1.3118. B 1 1M ERIEHZEDIHHZNE2ELL
BHRTF50%ANE © (FK2) .

21 FERRRITRES RREAER
— AREMR SUHBR EUR
e UL me meeke kB @R EeemR %R B2 BOOSE OB
© R RIE R RE RIE RE RE RE RE
C1 36 5 7 1 4 6 2 9 1 1
C2 45 7 2 2 0 8 0 0 25 1
C3 31 2 10 0 1 5 1 2 9 1
C4 36 3 0 1 8 0 0 14 1
C5 45 2 0 7 7 1 2 17 1
C6 47 16 2 0 7 0 1 17 2
c7 31 4 0 0 8 0 0 10 0
C8 42 2 10 1 0 10 0 2 13 4
Cc9 35 0 10 0 0 6 0 0 19 0
C10 41 4 10 0 0 9 0 0 18 0
C11 37 0 13 0 1 7 0 1 14 1
C12 37 4 7 1 2 7 0 0 12 4
C13 32 4 1" 0 0 6 0 0 10 1
‘it 495 53 108 7 16 94 4 17 179 17
%2 1OFERERISRESS USEREREIER  (hh, %)
e FH AREER  CUEMR  SULRSE  mmsl  TMED  ZBRES
BE OSSR ISR SIS SRS SIAL SRk
C1 3328 698/294 590/148 608/142 584/17.55 1176/35.34 1760/52.88
C2 3294 494/134 366/70 981/334 538/16.33 1344/40.8 1882/57.13
C3 3106 614/214 404/90 692/97 401/12.91 1176/37.86 1577/50.77
C4 3372 558/154 670/114 960/410 678/20.11 1064/31.55 1742/51.66
C5 3296 492/208 666/140 872/240 588/17.84 1176/35.68 1764/53.52
C6 3540 894/358 466/160 1110/390 908/25.65 1008/28.47 1916/54.12
Cc7 3212 644/208 558/144 674/146 498/15.5 1120/34.87 1618/50.37
C8 3244 612/305 480/133 896/393 831/25.62 1176/36.25 2007/61.28
C9 3408 564/318 484/106 990/266 690/20.25 1008/29.58 1698/49.82
C10 3689 517/236 475/153 992/386 775/21.01 1232/33.4 2007/54.4
C11 3172 648/250 446/98 834/278 626/19.74 1176/37.07 1802/56.81
C12 3608 556/290 504/91 964/340 721/19.98 1344/37.25 2065/57.23
C13 3305 762/247 358/79 744/204 612/18.52 1120/33.89 1732/52.41

T BRREILISEFHHHERER—, METHR, FHRFE—IZEHE 28 FIHHE.

https://Www.cnki . net

191



SR ER1R

64

D A 2 O el e

2024 F

(=) TIEMSEISTEHFATIRERERBR

=a, 13 AR, (XE3ATSEiE GV ERhARSE
WRERSHFIGE " BEARMRS. REFFR
ELRMEESTAISFLRRE, FEF. R
41EF, AEF 3 [ JRELRNBE BRSNS
SERIRE . B 10 iR IGARER S BESLIIR
B, 7 FbRRIGRAIEMEER. BRI EH
FERHT. 9ARERFREIKEIEII, AT
IRRGEREEERFI. 12 MRRARERET
PARSHIIEERAS, FERNZEDER. KT
ERSPOMBERALEBENNIHELS, Bk
BIRRELHA—E, BRRTHINS. B%iASIn
RIUI—Fi#T. BLHELITREF. 8k
RERENREEITEIERE, RET—, 8ok

RERLHERRAE . B 10 bRl sE 3R (E
EARRIRREZSWHZFEREN AT 104
B (4286[) " HOtNE, 1 FTFeRERET PERS
WHISESNEART) "AOF4E" A9RE, HEISRER
SESLSBTED 41.54 [, (RFiRE. EllksE31y
BAELHE_RRFULGEHERMERE
TRAERSHTMAFRMHETRUSLES, TIRNVE
BREAETMERAHLDERS . EIVEFHAZS
NERERSKEEERZ, REIMKKRERIFEZE
KAmARAAL BNIRE MBS IEIE (OSCE Fix)
A9E 10 FABetR (WK 3) . AARETR, HRIEHRR
SLHREIRESRESHF. EiRREH, RERER—.
IRERA—. ZHEOF—, BOLBRRERET
JSER

*3 13ERRRIEREZEWVEMMEWITEHERTRERERBR (h)
Bk BEAZE  HEZE IGKREE 512 ;E?ﬁﬁm EE—EW]@E mﬂﬁpf%rgum I@ﬁiﬁ
Sy S} Hrgescil 3 =il MAGSLEE Egnnrl| (FRY/E)
C1 32 36 134 112 30 80 30 1176/42
C2 } } 18 } 30 40 ; 1344/48
C3 } 32 24 132 30 80 . 1176/42
C4 R . 104 } 30 v 30 1064/38
C5 R 36 36 . . 160 v 1176/42
C6 R . 30 15 . 360 v 1008/36
C7 - - . - - v 36 1120/40
C8 } } 32 60 30 80 60 1176/42
C9 } _ . - 60 ) ) 1008/36
C10 } } 50 80 50 v . 1232/44
c11 } } 64 36 . v . 1176/42
c12 R . 16 60 60 80 v 1344/48
c13 R . 30 . 24 v v 1120/40
FHSLUGE (W%) 1769  3/23.08 11/84.62  7/53.85  9/69.23 12/92.31 8/61.54 13/100

T ORTPEDFEASDBRASBERARS, RTARESRENRIT, @ V' RNAERSIHRIZRE, BEALER

HRERE BB R RS,
= MEREN

(—) IERFEE R TRERT

SRREEFHEREEFL. RERESFH
BSEMFEERE, RERERRRENLAIE
RN RE, MUREEFZAZBEFAIRN © .
Hit, EXSRRRECDGERERS. REFER
&, SCHELAMEDASENATEFRNE, LUK
BHFRERENNF, 2ERL. HELH, HE
BETPEAAEFRFLEM, EHRAEFER
WWERFMIRRERRESD . B, FEEERETRE
e TG, Ry, fRE. BERHE. RE. R4S

https://WWww.cnki . net

192

RARES " NMI—EERRRSOFERX, #§iz
SZERKRUMEN BRI ENTERLFRE
M. HFEER, MRERS. HFELEHITEE,
HMESAABFETHEENNZBERFRET

fE2R . WFERLRBRIFREEEREREHTITE,
KBS EMMREMREGNA TN EINR,
FHITEREREIR . HR, ZEDSISRIAEEE
RE. EFFAREAR, AR (B18) EifE
i, X BRAREE R BEE, ERpIHAERR
wmEm, EHEFETWERAMRWEEDRA . &
MEZHMTHRETRERRSVEARNSNE
AR FERENRIERK, INEFITIWIEE. B



SR ER1R

%54

FARE, ¥ SRERBEREFELREKFREBEARESH

65

MSCRGIRERRE . BR, BLRHARELEREF
EXHEediE, RERERRER "Biti—IfaR—
3" B, BUHSstE. aXUIR, EFLE
ENFTI, BRMBRFENEZRFE AN
BFAIRAAR, SBCSCIRREE, EFERNREMN
R, EEENEEREE, (BHFEIRREEREIMIR
PRIBIEIRBEIRS, $INETERMERIFES, B
HERNE, SFERRRMIVZLERIZR.

(Z) MU FRIERE

B, EMAINEERSOORERES, MARS
FL0. MEEFLRBANE, BNGEHE. it
XIe, EFRFEEFMRGEIEAED . IEIRR
SLREGRBERERIR, SR (TEEFLEIRRKEERF
iEr) |, BESIEIMZERE. JMRIFRICELEERY
MRFENRFIEY, TEIRRGSHEEL. A
FERAK. RESTRA. HXKPEEERAFRE
RE, FRRELNEDPESHLRELERNUBESE
BB FIRE . BR, EWIERISIRESLRHF
HHRT, WEEREET ARSI IEREHFR
HERTEE R, ERBFAFERNRIEH. AXER
Fr. HERER. BERNEK. 2EPERISE
BEEHSIBRHUFRE, LFERNTREREE
EAERER "FIA" ORMITR, BRFERS
EEMRNEIR, BR58E0 . ENLINKEIE
l, AZEEHFNIGREIFT FRIFEAM, FETSTEE
FIREHFTH, BREREETIEX, BEE
IR, REENRERNS, NERFHE.

B2, AENBEREDERER 25K HE
SEREFERERNERME, MHUSASERBTE
ENARERERAAEFOXE ., BIIAS|
A EBEF. TERBRHFER, TIRESN
UBENFTR. KEEAE. TWENTERTRMSR
B, 1 "HRELE MEBAIRERR, U
LHEHFRERERE.

(2) = " F=Fw, MERITEMAER

HLIMPRIENF R IEEREERENHZN
RE, & "#tA" M "I MIEERER, S
FREREFRSHEFRAREHRE .. Flt, &
R ERR TV EEPRsEle, MEBEFANIR, 1
FHERHFEEN, HFEREMIRAREITINEG X
EEHERFES. HFmEesil, B Wi &
7r, BRTUMEBeREE. REZHEENINEE
FIBRRHIRAE K Z T/, REIRRED
RBFMEN, ERXIEEWVENSHFETSERE

https://Www.cnki . net

193

Rz, FREEN. DENEREN. BIEFTRREN. HE
HICNA. BEENESR " 5ISInREIMKIERR
REF ERERBFESE, SHRSIHAREITAIZ
FHEA.

(F9) EEFRAISLIOSO)|EHEIR

SE36 S0 | B IR B LB F R T RAURTIR
S8 . —5H, SHEFSRRREEREMES
IRELHRHFFEMETWRELIFEE, AEaE
AFEZEELRHPO. NEEFEETRP L. HiEE
MFEFLRES, BEARFERNFNRESNMNHF
BIFsEN, NIRREIIRERMHSTIE . FEREW
RIDIRIERBESD) I FF A, IRRGEREERLI
HHFTE, PRSI EREEEIER (BR
HEH) B4 EREBEMREE N, Tk
FlEZEN, FABIRRD)IRERE. FulEMsE
BefaeEil. EREEENKEEE)IFES . B
Bei sk T £ B = FHlin R EF Tl I EX
R, EHFERERFRUHBIRKEFZEZWHFR
REE, EREMPETNHEFRS. InRBHELFR
REFOHFRIF, WLBRHAREHFRIRY
TSESIWER. B—0HE, BRPEMEE. 2FRX
ENEREEF AT BFEHESER, EXSR
PR AMRIMERHARTEE, ARSI,
IRFHHUDSERGIR(RRE . IREEEKTF, ENEME
BHOKE, HFUREEER, ILREIHFEM, 2
HIRARIRBER ORSMERIR, ESORMETH. IhaE
FeREIIGHG, SERSIRIMEHIIER. B
5. BEBMHIRE, BNRSIWEER. BFER
BIBARBEFREFRIRKIT, SEAF BRI ENE
1], EER. RETAR. BSFESSO, BRF
Fiz A EFRIR S HTANER GRS EAYRE

(R) IEEHNE, STEIRREFEEIR

LSRRI RS FEIEIRRAINE, £
HEFSIRERMEER. HFERMBLSERN
Hsk, FABIRAREE. InRILS S ISR E
K. RERNR. ShRlitAEFELHAERE, Ehk
MHANERMVEL R —E., EENEBANSE
ELEEA, IRREBEAESHoREE, RUEME
he—ix, T2EG. HTSEMS—. HEestHE—
0 "BXT "BlEK |, BEREEMRIE. oE
IeREFEMER, EHEXE, BERD . 8%,
TEEHNENG. RRIIERSBFARNEERR
g5, FEBE. TELP). FRANEERZRIRR
LEFEMTERMNTORERNNE, LOTER. LAHE



66 RITIR K R A 2024 4

B, HEHRADE., BERE—SINEBERESZHE ERE FERBSETRENEEFT 25K 1
HEATUEXHNFHESHEERNT, BURER HFEE ZERLEM,
&, BX, BULHEE. EXSRERNZRES

= :
SRR RIGRES S UTRKEITENNE, & fﬁ% PRE. ETE. FIEMERES LA
PS5 RKUULETHNE, HXBERSFO. &KE$ BArEARAE [J] . PREFHFTLL, 2014, 34
DEAR, HEAFE#HZNE, #—P=EIRMKRBFEE (2):95-197.
BEE, EWIELIESIE, SFMPNEBZE, M [2] a3, &%, Fab, F2FHEH4EREFRLEHK
NIREEARNS, IEERNS. SCIRDHEE. FARELEGwAEE [J] . PESHFR, 2020 (4) :
BBZEFISITTE. B SETREIRE, B 105-108.

S4eEEERAIBEIRB R ERER, EESAENIG [3] &-FRHT4.2023—2024 FEH L HRITRH &
J;EEEé&ﬁgjj ;L;‘EE;E“EW’EZX?;‘%{’E;&@E ﬁi*&ﬁ [EB/OL] . (2023‘03'1 5) [2024'05'26] http: //WWW.nSeaC.

(PRt AL R A s © com/html/4/688415.htm.
A - ' RITIRE . [4] sFrmed, fmed, x¥ BEE#s it (M] . L& EEx

g/%J:ﬁﬁ'J\i, E?—;@Eﬁ?ﬁ?—lﬁ*ﬁlﬁﬁ?ﬁg "Ey— B KAk, 2023.
BR—iT—0" EEEAEHIDEBRSS, EFSER [56] HEH HERLFKGAESE LHF AL [EB/
FREMREZHEESHNET, RR. IGRHEE OL] . (2017-06-17) [2024-03-26] .http: /Avww.moe.gov.
., EBRHIT. EFENREKE, BRUEHRER cn/s78/A07/zcs_ztzl/2017_zt06/172106_bznrbznr_gzjxbz/
R. R0, ESKRIEED. BRPELKEE. BN gzjxbz_yywsdl/.
HEERE. SRENEEANIETE, EXSmE (6] fth, TARMARGAADHFESLT AR
RIS, INRIEFRES S\l ST R Fe #r [J] B RHEFITHFLFR, 2022 (7) : 19-26.

BREGENFEERE, KIELSKESHE "BES [7] 2AK, K&, BFE, 5 BNESLIERFEK

$g*u ?}j {%EW?"%&E?E&'L%*EE'L&L %‘A]\‘;]ﬂ;@/i*ﬁ’ [J] . *@*Eéﬁ}%{&@ﬁiﬁﬁy 2023y 21
' NN o (5): 17-20.

BIRINEYR, IEEFEENENTRERIT, BEE

[8] ##&4E, RAMW, #pmiE, F.2RAAEFERERES

10l "RIRRE MABA, LSRHEHENRSH, i e e L] e e
SEMERERE, RSEEI, B R %, 20, 12 (1): 869,

BB, RASEISLIEEIR. IRAREFEit

The Current Situation and Reflection of the Curriculum Design of Practice
Teaching in Clinical Medicine Major in Higher Vocational Colleges
Wang Dongyi, Wang Ning, He Xin, Ma Yongchao, Wang Jianguo

(Luohe Medical College, Luohe, Henan 462000, China)

Abstract: The main goal of medical vocational colleges is to cultivate general practitioners and rural doctors for
rural and community medical and healthcare institutions. On the basis of in-depth analysis of the current
situation of the curriculum design of practical teaching in clinical medicine major in domestic medical

vocational colleges, the paper focuses on the key links of medical talent cultivation, and puts forwards the
strategies in the five respects of strengthening the top-level design of the reform of curriculum models by
following the laws of medical education, optimizing the curriculum design of practical teaching from all aspects

based on the orientation of talent cultivation, adhering to giving priority to the quality and strengthening the
guarantee measures of curriculum design, attaching importance to the application of information technology and

building the experimental and practical training base on campus, and improving the construction of clinical
teaching bases by strengthening the collaboration between hospitals and colleges.
Key words: higher vocational college; clinical medicine; practical teaching; curriculum design; reform
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Optimization of Processing Technology of Black Garlic and Agrocybe aegerita

Sauce Based on Fuzzy Mathematics and Response Surface Methodology
WU Ying-di', XU Guo-dong’, FAN Tai-hang’

(1. Manyang Yocational College of Science and Technologys Dengzhou 474150, Chinay
2, Nanyang Normal University, Nangyang 473000, Chinas 3. Henan University
of Economics and Law, Zhengzhou 450003, China)

Abstract: Sauce is the most common seasoning in life, commonly used in cooking and flavoring, and is
an indispensable seasoning in life. In this study, with Agrocybe aegerite and black garlic as the
materials, and sensory score as the index, the effects of the addition amount of starch, the addition
amount of salt, the addition amount of plant oil, the addition amont of scallion, ginger and garlic, and
the addition amount of white granulated sugar on the processing technology of black garlic and
Agrocybe aegerita sauce through single factor test, fuzzy mathematics evaluation and orthogonal test,
The rescarch results show that the best processing technology of black garlic and Agrocyle aegerita
sauce is 1. 0% starch, 2.0% salt, 6. 0% plant oil, 0. 8% scallion, ginger and garlic, and 1,03 white granulated
f sugar, At this time, the sensory score of black garlic and Agrocybe aegerita sauce is 86, 56 points.
| The black garlic and Agrocybe aegerita sauce processed under these conditions has a rich aroma,

bright color and moderate viscosity,
Hey words: sauce; black garlic and Agrocybe aegerita fuzzy mathematics; orthogonal test
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