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Low-Cost Holographic Pyramid for Teaching Heart Anatomy

Piramide Holografica de Bajo Costo para la Ensefianza de la Anatomia del Corazon
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SUMMARY: Human anatomy is fundamental to biological and health sciences curricula, traditionally taught through lectures
combined with practical laboratory sessions. However, recent evidence suggests that active methodologies and interdatjiestechno
may enhance student participation, satisfaction and the effectiveness of teaching and learning. We evaluated the uséulrmsst of
pedagogical tool, the interactive holographic pyramid display. Designed for tablets and constructed from crystal acetéte sheets
holographic pyramid projects three-dimensional images of the heart's external and internal structures during systoldéeaddteiasto
attending a heart anatomy lecture, students participated in practical lab sessions that featured various learning Ist@itignsnéc
with the holographic pyramid. A questionnaire assessed their perceptions of the activity. Results indicated that 96 paofgpartic
enjoyed the activity, and the use of the pyramid enhanced interest in anatomy. Additionally, more than 90 % of studehtt dgeeed
activity helped them assimilate the concepts discussed in the previous lecture class. The activity was well-received) gweggestin
potential of low-cost holographic tools for complementing anatomy education. Future research should evaluate retentomand@erf
outcomes using this technology-enhanced learning activity.
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INTRODUCTION

Human anatomy is a fundamental discipline withifAdnan & Xiao, 2023), magic mirrors (Met al, 2016),
biological and health sciences curricula. Traditionallyand holograms (Miller, 2016; Rosen & Nesic, 2021) have
students have engaged in passive learning methogained prominence. Computer-assisted learning, especially
primarily through expository lectures that introduce th@ith 3D visualization technology, has proven highly
basic concepts of human body structures. A significaaffective in enhancing factual and spatial knowledge
challenge for educators is finding effective strategies {@oscoet al, 2017).
help students understand and retain anatomical content.

To address this, educators continually seek to enhance their  |mplementing these technologies may involve high
teaching methods, focusing students' attention on essengigéts. Therefore, it is essential to develop more accessible
aspects and avoiding cognitive overload from lengthwesources for a broader range of higher education and
lectures. technical institutions to incorporate technology into
anatomy teaching. As part of this effort, our study evaluates

Recent evidence suggests that incorporating actiseidents' perceptions of a low-cost pedagogical approach
methodologies and interactive strategies can encouragfing an interactive holographic pyramid display that we
greater student participation and enhance class satisfactiggve developed. We believe that the holographic pyramid,
Integrating technology into teaching has become a stratagliich reflects three-dimensional images on its faces, can
for deepening students’ understanding of human anatorgghance students' understanding of specific organ’s
Notably, virtual reality, augmented reality, 3D printinganatomy and their functions.
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MATERIAL AND METHOD A3-size crystal acetate sheets, transparent tape, and suction
cups, all easily found in stationery stores. The faces of the
The holographic pyramid can be constructegyramids were joined with transparent tape along the internal
according to the screen size of each device that will displand external edges. The apex of each pyramid was removed
videos of human body structures, allowing adaptation féo accommodate a suction cup, securing the pyramid to the
different types of devices. Therefore, cell phones, tabletaplet's surface. Alternatively, the pyramids can be assembled
and monitors require different pyramid sizes (Fig. 1 A-Clusing a mold that should be adjusted to fit the dimensions of
We tested all sizes, but in this study, the pyramids wetke chosen device (Fig. 1D). Bright environments can hinder
assembled for use on tablets available for undergraduatadents' observation of details in the holograms. To reduce
courses, according to the template shown in Figure 1. Thisibility loss due to high brightness, the pyramid bases were
materials used to construct the holographic pyramids wetevered with black cardboard paper.

Each tablet and holographic pyramid displayed

T a distinct video: The first demonstrated the heart's
external anatomy, the second showcased the internal
anatomy of the left atrium and ventricle, and the third
“1"-(")9::: presented the internal anatomy of the right ventricle.

All videos allowed students to observe anatomical
structures during the cardiac muscle's systole and
diastole movements. These videos were obtained from
i~  the Complete Anatomy application (3D4Medical Ltd),
accessible to students and faculty through the
University of Sao Paulo. WonderShare Filmora 11
(Wondershare Technology Co., Ltd) was used for
eighr compiling and editing the 5-minute videos, providing
25em ample time for students to study cardiac cycle
structures and functions. Following editing, the videos
were published on YouTube. Figure 2 depicts the
projected pyramid and one hologram.

Lateral Face:
12em

Lateral Face:
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A Base: 7cm ) B Base: 14cm

Lateral Face:
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The study was approved by the Research Ethics
mmittee of the Institute of Biomedical Sciences at
tHe University of Sdo Paulo, under approval number
76346023.0.0000.5467. All participants provided
written informed consent. Nursing undergraduate
students from the University of Sao Paulo enrolled in
the course 'Integrated Basic Sciences for Nursing' were
invited to participate. The students attended a two-
hour lecture on heart anatomy. Afterwards, they were
divided into small groups (5 students) for practical
activities in the anatomy laboratory. Instructors
directed students to various learning stations,
including those with cadavers, prosection specimens,
plastic heart models, and a workstation equipped with
three tablets displaying holographic pyramids. A
monitor at this workstation provided guidance on
using the pyramid and explanations of the heart's
external and internal anatomy, illustrating organ
movements through holographic projections.

Fig. 1. Measurements of the pyramid faces for different device sizes: c&ll
phones (A), tablets (B), televisions between 32 and 42 inches (C), 4
holographic pyramid template (D).

Fig. 2. Holographic pyramid used in the study. (A) Pyramid
on the tablet, secured with a suction cup. (B) Image from
the video highlighting the internal structures of the heart.
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After completing the practical activities circuit, someoverly bright rooms, and overcrowded groups. Twelve
volunteer students filled out a questionnaire containing eigstudents suggested conducting the activity in darker rooms
Likert-scale questions, ranging from “strongly disagree” tasing monitors or televisions and increasing the number of
“strongly agree.” Additionally, an option for leaving open-practical sessions utilizing holographic pyramids.
ended comments was provided at the end of the
questionnaire. The form was accessible via Google ForniBSCUSSION
and printed copies were also available. Descriptive statistics
were performed using GraphPad Prism 6 software. Foropen-  Using three-dimensional heart models video
ended responses, content analyses were conducted to grangected onto a holographic pyramid provides students with

the responses into themes. an engaging way to review classroom content and encourages
constructive discussions. This activity is especially effective
RESULTS for students who find videos and images more helpful than

textbooks (Foutsitzi, 2018). Minimal resources are required
Twenty-five students participated in the studyfor this activity, and it is best conducted in small groups at
Instructions for the activity using the holographic pyramidene or two learning stations to encourage participation and
were simple and explained verbally. Consequently, 84 % fulgommunication skills (Kitchen, 2012).
agreed with the clarity of the instructions, while 8 % partially
agreed. Regarding whether the activity helped assimilate class  Previous studies recognize the didactic potential of
concepts, 72 % fully agreed, and 24 % partially agreed. holographic pyramids in teaching anatomy (Setial, 2017;
Gafur et al, 2019), enhancing theoretical-practical
While students observed the holograms, the monitorteraction and student engagement (Fokides & Bampoukli,
encouraged reviewing concepts related to the hear2824). Holographic teaching has also been shown to enhance
functional anatomy. When asked if they learned nelearning experiences compared to traditional methods
information, 32 % responded neutrally, and 24 % disagred@.aredes & Vazquez, 2020). An interesting study measured
However, the activity motivated most students to learn angers’ heart rates while observing their heart holographically
review class content (76 % fully agreed, 16 % partiallfThapet al, 2015). Yamanoucleit al (2018), explored Leap
agreed). Additionally, 68 % completely agreed, and 28 %dotion technology, enabling holographic objects to respond
partially agreed that the activity increased their interest to hand gestures. Despite the high costs of sensors and
anatomy. Furthermore, 96 % claimed to have fun during tlegluipment, these technology-enhanced learning methods can
activity (80 % fully agreed, 16 % partially agreed), withbe adapted for higher education anatomy activities.
only one student (4 %) finding it boring. The results are
demonstrated in Figure 3. Our study focuses on developing a low-cost tool well
received by students. The videos were made available on
Open-ended questions/comments about positi¥ouTube and edited using free tools. Students at our
points, negative points, and suggestions were optional. Adistitution have access to the Complete Anatomy application,
25 students responded to the positive aspects, noting thvitich was used to create the videos. This application offers
the activity provided a means to review anatomy conterttetailed models that facilitate in-depth anatomical analysis
facilitated understanding of cardiac function, and offerefLewiset al, 2014). However, the costs related to acquiring
an unconventional approach to learning. Fifteen studeritee application for institutions without it are high, and
highlighted negative aspects, citing small tablet screersgating videos requires specific skills. To facilitate these

The instructions and rules for the activity were clear=- | 1
The activity encouraged me to remember anatomy concepts- [T mm>?
The activity helped me assimilate concepts discussed in class— | 1] B 3
With this activity, | learned concepts that were not discussed inclass{_____ [ I = 4
The activity increased my interest in anatomy - | 1] e
| was quite motivated to want to learn and carry out the activity - 11
I was having fun during the activity - - |
The activity was quite boring and a waste of time - 1 INEGNGNGNGEGEGEGENEEG
T T T 1

T
0% 20% 40% 60% 80% 100%
Fig. 3. Frequency distribution, in percentage, of responses to the different questions.
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issues, free videos on YouTube can be used, but their quakityctividad, y el uso de la piramide aumento el interés por la anatomia.
may be inferior. Teachers should evaluate available materiAfemas, mas el 90 % de los estudiantes coincidieron en que la actividad

for their pedagogical objectives and student profiles. €S @yudo a asimilar los conceptos discutidos en la clase anterior. La
actividad fue bien recibida, lo que sugiere el potencial de las herramientas

holograficas de bajo costo para complementar la educacién en anatomia.
CONCLUSION Las investigaciones futuras deben evaluar los resultados de retencion y

rendimiento utilizando esta actividad de aprendizaje mejorada por la

This initial work reports on the experience and studetgcnologia.

satisfaction with this low-cost tool. Holographic pyramids
complement practical anatomy teaching. Although this StUercnolo
shows that accessible resources can incorporate technolegy
into teaching anatomy, performance or content retenti®EFERENCES
assessments were not conducted. Future work may provide
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