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ABSTRACT

Background and Objective. The pandemic acted as an accelerator for the development of online teaching formats
in anatomy and histology worldwide. The authors introduce a bridging program that reinforces the knowledge and
understanding of gross and correlative anatomy and histology acquired in a virtual environment in preparation for
its future clinical application. The study aims to evaluate the Learning Enhancement in Anatomy Program (LEAP)
conducted among first-year medical students at the College of Medicine, University of the Philippines Manila.

Methods. This descriptive cross-sectional study aims to determine the initial experience of implementing a learning
enhancement program and assess areas for its improvement. An internally validated questionnaire was given to
students after the program to gauge students’ reactions (Kirkpatrick Level 1 evaluation). Pre- and post-tests were
administered to evaluate knowledge acquisition (Kirkpatrick Level 2 evaluation). Short-term behavioral peer evaluation
(Kirkpatrick Level 3 evaluation) was also instituted.

Results. One hundred fifty-two (152) students participated in the study. General reactions from students to the LEAP
were consistently positive, with a steady majority of the students rating ‘5’ or a ‘Strongly Agree’ to positive statements
regarding the program. Higher ratings for more traditional teaching methods, such as cadavers, formalinized
specimens, and bones, compared to virtual systems were

apparent. However, inter-student variation in preference

for teaching modalities was observed. All stations of the

LEAP were evaluated satisfactorily, with most gross

anatomy stations rated higher than histology stations.

A significant increase was noted in the total post-test

scores compared to pre-test scores. This improvement in

test scores was observed in the anatomy and histology

@@@ subcategories and in six of the seven organ system
@ modules. Perceived behavioral outcomes were also

generally positive.
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Published: Octobe£26 20)23 Conclusion. The LEAP is a worthwhile endeavor,

https:/doi.org/10.47895/amp.v57i10.7300 garnering overwhelmingly positive reactions and a
significant improvement in test scores. Future studies
are necessary to fine-tune teaching and training in a
blended learning environment.
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INTRODUCTION

All  educational institutions, including medical
schools, have been placed under lockdown as a result of the
COVID-19 pandemic. However, the use of cadaveric material
in laboratory dissection classrooms remained the mainstay of
anatomy education in the Philippines until the pandemic.
This included our institution, which taught anatomy using
lectures, full-body cadaveric dissection, and other modalities
like models, microscopic slides, bones, specimens, and other
materials. To maintain continuity of instruction in response
to the viral spread and the requirement for physical distance,
medical schools were obligated to transition their teaching
from face-to-face classrooms to web-based formats.!

Anatomy is the foundation that physicians build their
clinical skills.> Cadaveric dissection remains the “gold
standard” in anatomy instruction.® Students lost access to
cadavers and various other learning materials because of the
lockdown, which could impact their anatomy knowledge. It is
widely accepted that the human cadaveric dissection process
helps students understand the 3D relationships among
anatomical structures and reinforces the contents of textbooks
and lectures.*®

In response to the COVID-19 pandemic, the
University of the Philippines Manila’s College of Medicine
introduced a bridging program - Learning Enhancement
in Anatomy Program (LEAP). The program, conducted by
the Department of Anatomy, was designed for first-year
medical students, and aimed to reinforce the knowledge and
understanding of gross and correlative anatomy and histology
that students acquire in a virtual environment. Furthermore,
the program seeks to fulfill the learning outcomes missed in
a virtual learning environment. Prior to the pandemic, eleven
learning outcomes are addressed in each of the anatomy
learning modules. Unfortunately, since there was no face-to-
face instruction, a virtual platform was unable to meet the
following learning outcomes: effective communication skills;
adherence to professional and ethical standards; volunteerism,
nationalism, and internationalism; inter-professional practice;
and advocacy for social equity and accountability.

Evaluation is defined as “the systematic determination
of the quality or value of something.” In medical education,
evaluation has been defined “as a systematic approach to the
collection, analysis, and interpretation of information about
any aspect of the conceptualization, design, implementation,
and utility of educational programs.”

This studyused Kirkpatrick's model of Program Evaluation
Design.® The framework assesses an educational program
based on four levels of training program outcomes. Level 1
refers to the participant’s description of the overall reaction on
the basic program components (Reaction Evaluation). Level
2 measures how much participants have learned in terms of
knowledge gained, skills developed or improved, and attitudes
changed (Learning Evaluation). Level 3 focuses on how much
participants are applying those they learned from the program

to their actual workplaces (Behavior Evaluation). Level 4
concentrates on institutional changes and improvements,
overall productivity, and operations efficiency practices that
can be associated with the program (Results Evaluation).

With the end of the pandemic still nowhere in sight, this
method of learning could become the new norm in anatomy
education. To improve the program, it is essential to determine
the participants’ overall satisfaction and experience of it.

OBJECTIVES

This study evaluated the Learning Enhancement in
Anatomy Program (LEAP) conducted among first-year
medical students at the College of Medicine, University of
the Philippines Manila during the COVID-19 pandemic.
Specifically, the study:

1. Described the overall reactions of the participants to the
LEAP in terms of the program’s administration, content,
organization, and teaching methodologies (Level 1);

2. Determined how much learning in terms of knowledge
the participants learned from the program (Level 2);
and

3. Evaluated the behavior changes in the participants
(Level 3).

METHODS

Study Design

'This is a descriptive cross-sectional retrospective study to
evaluate the Learning Enhancement in Anatomy Program
(LEAP) of the University of the Philippines College of
Medicine using secondary analysis of data collected during
the LEAP. The data included student demographics, reaction
to the program (Kirkpatrick Level 1), individual performance
in the tests (Kirkpatrick Level 2), and perceived behavior
assessment (Kirkpatrick Level 3).

Learning Enhancement in Anatomy Program

The LEAP was a face-to-face learning activity organized
by the Department of Anatomy from June 13 to 17, 2022.
'This activity was a bridging program to enhance the learning
of the students in Anatomy by presenting prosected cadavers,
plastinated cadavers and organs, anatomic models, specimens,
bones, microscopic glass slides, and electronic images for
further learning. Virtual dissection tables and headsets were
also used. The following organ systems were covered by the
14 LEAP stations: OS 201 (Organ System 201: Human
Cell Biology), 202 (Integration and Control System), 203
(Skin, Muscles, and Bones), 204 (Head and Neck), 205
(Thorax), 206 (Abdomen and Pelvis), and HD 201 (Human
Ontogeny and Parturition). The students were divided into 14
groups of 12-13 members. Each group was allotted 2 hours
to complete a station. After each station, the students were
provided evaluation forms to solicit their feedback. Pre-test
and post-test on gross anatomy (Anatomy) and microscopic
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anatomy (Histology) were administered. At the conclusion
of the program, the students were requested to answer a
Google (Google LLC, Mountainview CA, USA) survey form
measuring their reaction to the program’s administration,
content, and teaching methods.

Prior to the activity, students accomplished an informed
consent detailing the need for compliance with the
Commission on Higher Education (CHED) guidelines on
face-to-face learning, assurance of confidentiality, and that
responses would not influence their overall grade for the
learning activity.

Questionnaire

The questionnaire was divided into several sections and
was sent to all participants online. The first and second sections
included a description of the study, the study objectives,
and a data privacy statement. The introductory sections
stressed the voluntary nature of the survey. The third section
was devoted to collecting demographic information from
participants. The fourth through seventh sections included
questions assessing the students’ reactions and reception to
the program organization, specific program components,
teaching materials and methods, and a general evaluation. All
questions were internally validated by study team members
and questions deemed ambiguous in wording were revised.
Participants provided their assessment of the different
program components using a five-point modified Likert scale,
with 5 indicating “strongly agree” and 1 indicating “strongly
disagree.”

Data Management and Statistical Analyses

Data collected during the LEAP were retrieved from
the database of the Department of Anatomy for secondary
analysis. Only the data collected from students who consented
to participate in the study were included. Data encoding was
done using Microsoft Excel software (Microsoft Corporation,
Albuquerque NM, USA) by a research assistant who is not
employed by the Department of Anatomy and did not
participate in any process of implementation of the LEAP.

'The distribution of student responses in the evaluation
of the program were presented using horizontal percentage
stacked bar charts. Measures of central tendency and
dispersion were also computed. Kolmogorov-Smirnov test
was used to test for normality of data. Differences in student
ratings among teaching materials and among stations were
performed using the Friedman test. Post hoc Dunn’s multiple
comparison test was performed for pairwise comparison of
different methods and stations.

Pre-test and post-test scores were summarized using
measures of central tendency, dispersion, skewness, and
kurtosis. Moreover, a histogram was used to illustrate
the change in distribution of scores before and after the
examination. Kolmogorov-Smirnov test was used to test for
normality of data. Wilcoxon matched-pairs signed rank test
was used to determine significant differences between the

Learning Enhancement in Anatomy Program

pre-test and post-test scores of the students. Analyses of the
subcategories of the tests were also performed.

Differences were considered statistically significant when
P < 0.05. Statistical analyses were performed in statistical
software R version 4.2.1. (http://www.r-project.org) and
GraphPad Prism Version 9.0.0. All graphs were generated
using the ggplot R package.

RESULTS

Profile of Respondents

During the LEAP, 178 students participated out of the
179 first-year medical students enrolled in the University of
the Philippines College of Medicine invited to participate.
A total of 152 students consented to participate in the
study, with 152 digital forms received without duplicates.

Table 1 shows the demographic profile of the LEAP
participants. The participants were almost equally divided
between males and females. One student identified as non-
binary. The median age of the sample was 23, with 88.8% of
the participants between 21 and 25 years old. The youngest
student was 19 years old, while the oldest student was 33
years old.

Reaction Evaluation (Kirkpatrick Level 1)

Figure 1 shows the distribution of scores for the
overall assessment of the administration and organization
of the program. Scores of 4 or 5 on the Likert scale were
considered satisfactory, a score of 3 was considered neutral,
and scores of 1 or 2 were interpreted as unsatisfactory. The
program organization and design and facility setup received
satisfactory ratings (i.e., 4-5) from more than 95% of the
students. Greater than 65% of students gave the highest rating
of 5 for these items. These indicate high student satisfaction
with these aspects of the LEAP. These were followed by the
number of students per subgroup and the number of stations
with around 75% positive reviews. Time allocation per station
was rated the lowest in the overall assessment, with only
60% of students satisfied.

Figure 2 shows the score distribution and median for
the various teaching materials and methodologies employed
in the LEAP. Among teaching materials/methods, cadavers
received the highest rating, with more than 90% of the
students rating it 5 and no ratings below 4. This was followed
by bones, formalinized specimens, and skills stations. On the
other hand, virtual reality (VR) headset and virtual tables
received the lowest ratings, with more than 35% of scores
below 4.

Analysis using the Friedman test showed a significant
difference among the different teaching materials (Q_, =
451.0, P < 0.0001). Multiple comparisons using Dunn’s test
show that VR headset and virtual tables received significantly
lower scores compared to all other modalities (P < 0.0001 for
most comparisons). Skills stations, formalinized specimens,
cadavers, and bones did not differ from each other (P > 0.05)
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but scored higher than plastinated specimens and models
(P < 0.05). Thus, teaching materials can be classified into three
tiers based on student perceptions of effectiveness: high tier
(cadavers, bones, formalinized specimen, and skills stations),
middle tier (plastinated specimen and models), and low
tier (VR headset and virtual tables).

Students were also asked to rank the teaching materials
and methods from their most preferred (1) to their least
preferred (8), as seen in Table 2. Cadavers were the most
preferred modality in 60% of students, while formalinized
specimens ranked second for 36% of participants. VR
headset was ranked lowest by more than 40% of the students,

Table 1. Demographic Profile of LEAP
Participants
The program was well
ot Variable Count %
Sex
e numoer of students Male 76 50.0
z proprs Rating Female 75 49.3
E _ .
2 | i Non-binary 1 0.7
173
Ly B Age
s N Below 21 6 3.9
>
S C R 21-25 135 88.8
fonablz ::%‘20?1?158\;2
= to learning. 26‘30 9 59
Above 30 2 1.3
The allotted time per
station is enough.
0% 25% 50% 75% 100%
Percentage
Figure 1. Distribution of scores given by LEAP participants regarding the overall
assessment of the administration and organization of the program.
(1-2: Unsatisfactory, 3: Neutral, 4-5: Satisfactory)
Median P-values
VR Headset | 4 a, by, ¢y, dy, e fy
Virtual Tables 4 a, by, ¢y, dy, e, fy
,g Skills Stations 4 5 b, c3
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Figure 2. Distribution and median of scores given by LEAP participants for the teaching materials and methods.

(1-2: Unsatisfactory, 3: Neutral, 4-5: Satisfactory)
Compared to Skills Station - a: P < 0.0001

Compared to Plastinated Specimens - b: P < 0.0001, b2: P = 0.0100
Compared to Models - c,: P < 0.0001, c,: P = 0.0002, c,: P = 0.0003
Compared to Formalinized Specimens - d: P < 0.0001, d,: P = 0.0028

Compared to Cadavers - e: P < 0.0001

Compared to Bones - f,; P<0.0001, f,: P=0.0022.
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similar to the trend observed in the ratings. However, 15% of
students ranked VR headsets as their most preferred method.
'Thus, preference for the teaching methods followed similar
trends to perceived effectiveness scores in the sample, with
traditional methods such as cadavers favored by students over
virtual methods. However, individual preferences vary, with
some low-tier methods ranked first by some students.

Figure 3 shows the score distribution and median given
by the participants to the gross anatomy and histology

Learning Enhancement in Anatomy Program

stations. All anatomy stations received higher ratings from
more than 86% of students and five out of the six anatomy
stations had a median score of 5. Among anatomy stations,
OS 204 (Head and Neck) and OS 205 (Thorax) stations
were given the highest ratings, with about 70% of students
giving these stations a score of 5. The OS 202 (Integration
and Control) anatomy station, which consisted of the
nervous and endocrine systems, was rated the lowest, with
a median score of 4. On the other hand, histology stations

OS 206:
Abdomen
and Pelvis

OS 205:
Thorax

OS 204:
Head and
Neck

OS 203:
Skin, Muscles,
and Bones

Gross Anatomy

OS 202:
Integration
and Control

HD 201:
Ontogeny and
Parturition

Median  P-value

5
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o
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o
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w
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-
a
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Figure 3. Distribution and median of scores for (A) gross anatomy and (B) histology stations.

(1-2: Unsatisfactory, 3: Neutral, 4-5: Satisfactory)

Compared to OS 202 anatomy station - a,: P =0.0119, a,: P = 0.0184

Compared to HD 201 anatomy station - b,: P =0.0002, b,: P =0.0024, b,: P = 0.0273, b,: P = 0.0048, b,: P = 0.0003
Compared to OS 203 anatomy station - ¢,: P < 0.0001, c,: P = 0.0002

Compared to OS 204 or OS 205 anatomy station - d: P < 0.0001

Compared to OS 206 anatomy station - e,: P = 0.0076, e,: P = 0.0108.
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received positive ratings from at least 72% of participants.
However, gross anatomy stations received generally higher
scores than microscopic anatomy stations, with median scores
of 4 for all histology stations. The OS 202 station received
the highest proportion of the highest rating among histology
stations, while HD 201 (Human Ontogeny and Parturition)
and OS 206 (Abdomen and Pelvis) stations scored lowest.

Statistical analyses of the anatomy and histology station
scores using Friedman test showed significant difference
among groups (Q_,, =290.7,P<0.0001). Pairwise comparisons
using Dunn’s test among anatomy station ratings show that
OS 204 (P = 0.0184) and OS 205 (P = 0.0119) scores were
significantly higher compared to OS 202, the lowest rated
anatomy station. In contrast, no difference in the scores of
histology stations was observed (P > 0.05). However, almost
all histology stations were given significantly lower ratings
than each of the anatomy stations (P < 0.05) except the OS
202 station, suggesting that gross anatomy stations were
perceived to be more effective than histology stations.

Table 3 presents the median scores of the general
evaluation of the program. All students found the LEAP
a worthwhile endeavor for first-year medical students and
would strongly recommend the program to their peers.
However, less students agreed that LEAP reinforced their

Table 2. Ranking of Teaching Materials and Methods

knowledge of histology compared to anatomy, with the
question on histology receiving the least number of a rating
of 5. Participants were generally satisfied with regard to the
other aspects of the LEAP, as seen in the high proportions
of 5 or 4 ratings, suggesting that there are points of
improvement in the program in terms of safety and security/
health protocols, faculty supervision during the program,
contents and methodologies of LEAP, and administration
and conduct of LEAP. The domain related to pandemic
health and safety received the sole score of 1 and a few scores
of 2.'This may still be related to the general fear of contracting
COVID-19 in the school setting.

Learning Evaluation (Kirkpatrick Level 2)

Figure 4 shows the histogram of pre-test and post-test
scores of participants taken during the LEAP.The histograms
show a rightward shift in the distribution of test scores from
the pre-test to the post-test, indicating improvement in
scores. This is supported by the increase in the median from
23 in the pre-test to 30 in the post-test and an increase in the
mean by 11.17 percentage points. Wilcoxon matched-pairs
signed rank test of the scores revealed a significant increase
in scores (JW* = 12081, W~ = -165, =z = -10.542, P < 0.0001),
suggesting that learning occurred in the participants. The

Teaching Materials Rank (%)
and Methods

Cadavers 60.53 8.55 0.66 2.63 0.00 0.66 3.95 23.03
Formalinized Specimens 2.63 36.84 20.39 7.24 7.24 13.82 11.84 0.00
Skills Stations 5.26 12.50 19.08 15.13 15.79 18.42 8.55 5.26
Bones 0.66 3.95 14.47 30.26 34.21 11.84 3.29 1.32
Models 1.32 1.97 9.87 29.61 24.34 19.74 8.55 4.61
Plastinated Specimens 5.26 13.82 25.00 11.84 11.18 15.79 9.87 7.24
Virtual Tables 9.21 11.18 7.24 1.32 4.61 10.53 37.50 18.42
VR Headset 15.13 11.18 3.29 1.97 2.63 9.21 16.45 40.13
(1: Most effective, 8: Least effective)

Table 3. Median Ratings on General Evaluation of the Program — —
o —

LEAP reinforced my knowledge of Histology during this pandemic. 4 I

LEAP reinforced my knowledge of Anatomy during this pandemic. 5 g ¥ =7

LEAP is a worthwhile activity for first year medical students. 5 § ol

LEAP completed my first-year medical education during this pandemic. 5 ; ” Il

| will recommend to my peers to participate in future LEAP offerings. 5 -

| feel safe/ secure am;i completely satisfied with health and safety 5 T

protocols before, during, and after the program. o

| am completely satisfied with the faculty supervision during the program. 5 o 2 Scm? A

I am completely satisfied with the contents and methodologies of LEAP. 5 Test [] Postiest [ Predest

| am completely satisfied with the administration and conduct of LEAP.

(1-2: Unsatisfactory, 3: Neutral, 4-5: Satisfactory)

Figure 4. Histograms of Pre-test and Post-test
Scores of LEAP participants.
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Table 4. Comparison of Pre-test and Post-test Scores by Subcategories

Pre-test Score Post-test Score

Subcategories P-value
Mean (SD) Median Mean (SD) Median

a. Anatomy 15.50 (3.58) 15 19.49 (3.48) 19 <0.0001****
b. Histology 8.34 (2.43) 8 10.49 (2.31) 11 <0.0001****
¢. HD 201: Human Ontogeny and Parturition (Anatomy and Histology) 1.79 (1.05) 2 3.52(0.95) 4 <0.0007****
d. OS 201: Human Cell Biology (Histology only) 1.78 (0.92) 2 2.01(0.95) 2 0.0098**
e. OS 202: Integration and Control System (Anatomy and Histology) 473 (1.52) 5 5.32(1.74) 5 0.0007***
f. OS 203: Skin, Muscles, and Bones (Anatomy and Histology) 4.80 (1.60) 5 6.77 (1.54) 7 <0.0007****
g. OS 204: Head and Neck (Anatomy only) 2.28(1.22) 2 2.91(1.03) 2 <0.0007****
h. OS 205: Thorax (Anatomy and Histology) 4,77 (1.58) 5 6.17 (1.50) 6 <0.0007****
i. OS 206: Abdomen and Pelvis (Anatomy and Histology) 3.69 (1.58) 4 3.30(1.73) 3 0.0301*

*P<0.05 **P<0.01, " P<0.001, **P<0.0001

variance of the test scores increased from 20.95 to 24.12
which suggests that some students learned more than the
others in the same amount of time. This is consistent with an
increase in kurtosis from 3.03 to 3.77, indicating the presence
of outliers — high scorers in this case.

Table 4 shows the pre-test and post-test scores by
subcategories. Significant increases were seen in the items
on Anatomy (W* = 11467, W~ = -623.5, P < 0.0001) and
Histology (W* = 9465, W~ = -1267, P < 0.0001). For the
individual organ system modules, higher post-test scores were
seen in the test questions for HD 201 (Human Ontogeny
and Parturition, P < 0.0001), OS 201 (Human Cell Biology,
P =0.0098), OS 202 (Integration and Control System, P =
0.0007), OS 203 (Skin, Muscles, and Bones, P < 0.0001),
OS 204 (Head and Neck, P < 0.0001) and OS 205 (Thorax,
P < 0.0001). In contrast, students scored lower in the post-
test than pre-test scores for OS 206 (Abdomen and Pelvis,
P=0.0301), although only by a margin of 0.39 points.

Behavior Evaluation (Kirkpatrick Level 3)

The distribution of the perceived behavioral outcomes
of the LEAP rated by students are shown in Figure 5. The
majority of the students agreed that LEAP was able to
strengthen the knowledge acquired by the students in a virtual
platform and the students were able to demonstrate good
interpersonal relationships, appreciate the art and science
of anatomy, and demonstrate sensitivity and respect for life

and death, and the dignity and rights of persons.
DISCUSSION

The Organ System Integrated (OSI) Curriculum of
the University of the Philippines, College of Medicine was
approved for full implementation in April of 2003 and was
fully implemented for academic year 2004-2005 completely
replacing the existing curriculum. The concept of the
integrated curriculum is an organization of the horizontal
and vertical contents of a traditional medical curriculum into
coherent learning units that aim to bring the students beyond

To strengthen/ reinforce/ bridge
the knowledge acquired by the
students in a virtual platform.

Rating
To demonstrate good interpersonal
relationships with peers, faculty, 4 - 5

and staff,

To appreciate the art and science
of anatomical dissection and

the role of cadavers as foremost |
teacher andits precursor as first
patient

General Evaluation

- HN
- N W

Cadaver exposure helps students
demonstrate sensitivity and respect |

for life and death, dignity and

rights of persons.

0% 25% 50% 75% 100%
Percentage

Figure 5. Perceived behavioral assessment of the program.
(1-2: Unsatisfactory, 3: Neutral, 4-5: Satisfactory)

the level of mere acquisition of facts to a higher plane of
scientific understanding and fluency.” Horizontal integration
involves the unification of various traditional disciplines,
while vertical integration requires the synchronization of
basic science concepts with clinical skills acquisition. The
OSI curriculum uses organ systems as foci for this integrated
learning.

It is through the same lens that the LEAP may be
viewed. Shoemaker et al. defined an integrated curriculum
as “education that is organized in such a way that it cuts
across subject-matter lines, bringing together various aspects
of the curriculum into meaningful association to focus upon
broad areas of study.”’® It mirrors how teaching and learning
are gleaned from the real world: dynamic and not static,
interactive and not isolated, an all-senses-at-once affair but
within the confines of a structured yet adaptive curriculum. In
2020, with the looming COVID-19 pandemic, all instruction
was transferred online. Although the benefits of this were
obvious as it served to mitigate disease spread, an education
crisis was globally imminent. For anatomy, this meant that
education was cadaverless due to the lockdown, with a
predicted shortage of human cadavers due to limitations in
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body donation (Due to the virus, most cadavers were disposed
of immediately, as there was no proven screening to rule out
donor infection).? Anatomy learning without cadavers is a
practice that is generally seen as less favorable, but one which
has arguable merits and has been used as standard in many
institutions.”'! However, when prosections, models, and
other learning materials are also removed, learning becomes
difficult.”* To maintain adequate exposure of medical students
to cadaveric dissections and other physical learning materials,
the Seoul National University College of Medicine (NUCM)
in South Korea adopted simultaneous and rotating dissection
schedules. To maintain physical distance, the 154 students
who participated in the anatomy laboratory were divided into
three classes, and each class conducted a cadaver dissection
for 3 hours. In a three-hour laboratory dissection session,
approximately 50 students were divided into 10 groups, with
five students per cadaver.” The Lee Kong Chian School
of Medicine in Singapore adopted a similar setup,' while
the Korea University College of Medicine re-opened its
dissection laboratory under strict public health protocols,
reducing total anatomy laboratory hours to 85 in 2020 and
88 in 2021, from 96 hours in 2019.

'The UP College of Medicine pioneered an enhancement
program in anatomy and histology in the country. The LEAP
is intended to provide a comprehensive laboratory experience
where students are provided with anatomy learning materials
in their physical form that will stimulate learners to retrieve
prior knowledge from the virtual sessions, perform tasks
(per station) in groups, plan and discuss application and
relationship of each task to the overall understanding of
anatomy. This evaluation of the LEAP experience gathered
information on its fitness of purpose as an enhancement
program and as an essential component of learning anatomy
in an integrated medical curriculum (OSI). It can also show
the areas for improvement as a curricular intervention.

Reaction Evaluation (Kirkpatrick Level 1)

Keeping in mind the learner’s reaction to the learning
environment, as in the Kirkpatrick model’s Level 1 of
evaluation, the dissatisfaction in traditional subject-based
curriculum has been well studied®, as has been low efficiency
in terms of critical-thinking and problem-solving.” In the
present era, the debate is elsewhere: several studies have been
conducted comparing online or virtual learning platforms
to classroom or laboratory-based education. Pre-pandemic,
Mathiowetz et al., reported significantly lower rates of self-
perceived learning and satisfaction in students adopting
an online anatomy program compared to those in a gross
anatomy course.”® With the pandemic, student concerns
on the lack of anatomy laboratory sessions were reported
exhaustively, with some looking forward to the time when
they will be allowed to return to it.'

In this study, it would be wise to keep in mind that these
students, having started medical school already in a virtual
environment, have no ‘pre-pandemic setup’ comparison.

General evaluation of the LEAP has been positive, with
most domains evaluated by more than 50% of the class with a
score of 5 on a modified Likert scale (Figure 1 and Table 3).

As regards satisfaction with teaching materials, virtual
platforms (such as a virtual dissection table and a virtual-
reality headset program) were consistently the least ranked
(Figure 2 and Table 2). Conversely, cadavers were consistently
the best ranked and rated across all stations. These results are
aligned with the findings of most studies on virtual platforms.
Attardi et al. noted that students in the online laboratory had
difficulty using the 3D models and preferred the unique and
hands-on experience with the cadaver.’” However, differences
in individual preferences were observed, suggesting that
different learners prefer to learn through different means.
Thus, traditional methods can be prioritized in anatomy
education but other methods should still be offered to
students.

Differences in perceived effectiveness were also seen
in the anatomy and histology stations (Figure 3). Students
generally gave higher scores to gross anatomy stations than
microscopic anatomy stations. The underlying reason for
these findings warrants further exploration to improve the
overall experience of students for all LEAP stations.

Learning Evaluation (Kirkpatrick Level 2)

In his seminal text, Kirkpatrick writes, “learning has taken
place when one or more of the following occurs: attitudes
are changed, knowledge is increased, skill is improved.”
Learning is a compendium of knowledge, skill, and attitude,
and one or more of these changes must take place if a change
in behavior (Level 3) is to occur.

Students scored higher in the post-test than the pre-
test when considering the total score and most subcategories
of the test (Figure 4 and Table 4), particularly anatomy,
histology, ontogeny and parturition (HD 201), human cell
biology (OS 201), nervous and endocrine systems (OS 202),
integumentary and musculoskeletal systems (OS 203), head
and neck (OS 204), and thorax (OS 205). Test scores for the
abdomen and pelvis module (OS 206) showed a marginal but
significant decrease from pre-test to post-test. The stations
on this anatomical region ranked low among both anatomy
and histology stations, although no significant difference
was observed. Potential mismatches in Kirkpatrick levels
have been expounded in some studies.**?' Proposed reasons
for mismatch include a lack of validated tools to evaluate
knowledge domains more accurately. Future studies can
further explore the relationship between Levels 1 and 2 for
anatomy and histology in each anatomical region/organ
system. This can be achieved by expounding on self-perception
of knowledge acquisition by adding multiple questions or
by using an externally validated questionnaire.

Behavior Evaluation (Kirkpatrick Level 3)
Kirkpatrick Level 3 can be defined as the extent to which
change in behavior has occurred because the participant
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attended the training program. Level 3 evaluation aims
to answer the question: what happens when trainees leave
the program and return to their work? For Levels 1 and 2
(reaction and learning), the evaluation can and should take
place immediately. When you evaluate change in behavior,
some important decisions must be made when to evaluate,
how often to evaluate, and how to evaluate.® Although this
study focused on the first two levels of evaluation, the authors
have set up the questionnaire to tackle Level 3 preliminarily.
As Kirkpatrick suggests evaluators should survey and
interview one or more of the following to evaluate behavior:
trainees, their immediate supervisor, their subordinates.
In post-graduate programs such as medicine, a wealth of
information regarding behavioral change can be gleaned, not
only from immediate supervisors and subordinates, but from
colleagues and peers themselves. This critical peer evaluation
of behavior is indispensable in the practice of medicine, and
is a key point in the Level 3 Evaluation of this study.

Over 90% of students rated their peers ‘4 or ‘5’ in a
positive modified Likert Scale (Figure 5). Assessments mean
that most students recognize behavioral changes regarding
interpersonal relationships, and empathy and deep respect for
the human body. Definitive behavioral changes determined
from other sources (supervisors, subordinates) and upon
return of the LEAP participants to their previous academic
environment can be explored in the future.

CONCLUSION

General reactions from students to the Learning
Enhancement in Anatomy Program were consistently
positive, with a steady majority of the students rating ‘5’
or a ‘Strongly Agree’ to positive statements regarding the
program. Students gave higher ratings for more traditional
anatomic teaching materials, such as cadavers, formalinized
specimens, and bones over novel materials, such as virtual
dissection tables and virtual-reality headsets. There were no
consistent preferences of students across teaching methods,
as each method had its strengths and weaknesses evident in
the rating. Knowledge and skills acquisition were evident
in the significant increase in post-test scores in almost all
modules. Short-term behavioral evaluation by peers was
also positive. The LEAP is a worthwhile endeavor which
garnered overwhelmingly positive reactions and resulted in
a significant improvement in test scores. Future studies are
necessary to fine-tune teaching and learning in a blended
learning environment. Interactions and mismatches between
student reactions and student scores may be explored
in further studies. An externally validated and rigorous
assessment questionnaire may also be employed in the future.
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