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Abstract : Because of the complexity of the heart development process, a 3-dimensional understanding of it is not
easy. SNU College of Medicine devised a modeling exercise for the developing heart to promote understanding of
the process and implemented it for first-year students since 2011. This study was performed to validate this exercise
and propose the implementation of this at each medical school. We used commercially available polymer clay for
children. On the first day, students made the outflow tract and both ventricles as a unit and the common atrium
as another unit. These two units were combined to form an embryonic 30-day or 35-day developing heart model.
After leaving the model to dry for two to three days, a coronal section was made through the outflow tract and
both ventricles to open the model. Students compared the interior of the model to that depicted in the textbook and
reflected on it. Afterward, students marked with colored clay the appearance of the endocardial cushion along the
atrioventricular canal, interventricular septum, and the outflow tract, simulating the division of the four chambers
and the outflow tract into the aorta and the pulmonary trunk. The students’ perception of the exercise was generally
positive, in that it was not difficult to perform, fun, helpful in learning, and they actively participated. They also
responded that discussions with colleagues helped them perform the modeling and understand the developing
processes of the heart. We analyzed the scores of the embryology exam at the end of the semester and compared
those of the years 2008~2010 and 2011~2013, corresponding years before and after the practice, respectively.
There was no statistically significant difference between the correct answer rates of the questions concerning heart
development and that of the other questions in all years. However, even though not significant statistically, the
ratio of correct answers in the two question groups showed some improvement after the exercise. In conclusion,
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we recommend three-dimensional modeling exercise using polymer clay for several reasons for a 3-dimensional
understanding of heart development, which is difficult to achieve based on 2-dimensional materials.

Keywords : Embryology laboratory, Heart development, Polymer clay, 3-dimensional modeling, Haptic perception
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Table 1. Questionnaire for student perception of the clay modeling exercise

I. Rate your agreement for each questions below;

1. The exercise was interesting.

2. The exercise was helpful for studying the developing heart.
3. The subject was difficult to perform.

4. The exercise was not effective to gain new information.
5.T actively participated the exercise.

6. The time assigned was enough for the exercise.

7. Discussion with peers was helpful for performing the exercise.

st.rongly disagree neutral agree strongly
disagree agree

8. Discussion with peers was helpful for understanding the development of the heart.

II. Choose two subjects which the exercise was the most helpful to understand for.

1) blood flow in the developing heart
2) structure of the cardiac loop

3) changing process of the position of the atrioventricular canal relative to the interventricular canal

4) division of the atrioventricular canal

5) process of the formation of the interatrial and/or invertentricular septa

6) division of the outflow tract
7) structural change of the venous sinus

II1. List any other objectives which the clay modeling exercise would be helpful to understand.
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Fig. 1. Processes of the first day of clay modeling of the developing heart. a. Preparation of two lumps of clay for the ventricles and com-
mon atrium. b. Partial segmentation of a lump into the outflow tract (OT), right ventricle (RV), and left ventricle (LV). Anterior view. c. Pos-
terior view of a completed model for the ventricular part. d. Anterior view of the common atrium. e. Posterior view of the common atrium
with a window on the right side representing the opening for the coronary sinus. f. Anterior view of a completed model. G. Posterior view

of a completed model.
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Fig. 2. Processes of the second day of clay modeling of the developing heart. a. The heart model was coronally section through the outflow
and the ventricles. Anterior view. The inner structures are exposed. b. Anterior oblique view of the coronally sectioned heart model. c. Yel-
low-colored clay was used to represent the regions where the endocardial cushion contributes to making structures. Doing this process, it
should be realized that the outflow tract had to be shifted a little more to the left so as to it could override both ventricles.

Table 2. Students’ perception concerning the clay-modeling of the developing heart

Exercise Helpful . No new Active Enough Helpful Helpful
- Difficult . .o 1 . 2)
interest for study 2.7 knowledge involvement exercise time peer discuss peer discuss
3.7) (34) ’ (3.5) (3.9) (3.5) 3.7 3.7
(Agree)
5 42 27 11 7 41 24 27 28
(31.3%) (20.1%) (8.2%) (52%) (30.6%) (17.9%) (20.1%) (21.1%)
4 39 40 15 19 56 52 63 61
(29.1%) (29.9%) (11.2%) (14.2%) (41.8%) (38.8%) (47.0%) (45.9%)
3 30 37 42 37 27 35 25 27
(22.4%) (27.6%) (31.3%) (27.6%) (20.1%) (26.1%) (18.7%) (20.3%)
2 16 21 51 47 7 13 12 11
(11.9%) (15.7) (38.1%) (35.1%) (5.2%) (9.7%) (9.0%) (8.3%)
| 7 9 15 24 3 10 7 6
(5.2%) (6.7%) (11.2%) (17.9%) (2.2%) (7.5%) (5.2%) (4.5%)
(Disagree)
Total 134 134 134 134 134 134 134 133
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)

The numbers in the parenthesis under each item represent the average score.
In terms of proceeding the laboratory activities.
In terms of understanding the development of the heart.
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Table 3. Items chosen by students that were helpful to understand through the clay modeling

Items Number %
1) blood flow in the developing heart 22 10.5
2) structure of the cardiac loop 32 153
3) alteration in the relative position of the atrioventricular canal and interventricular canal 63 30.1
4) division of the atrioventricular canal 18 8.6
5) formation of interatrial and/or interventricular septum 39 18.7
6) division of the outlet tract of the heart 10 4.8
7) structural change of the venous sinus 25 12.0

Total 209 100

Table 4. Comparison of the exam scores before and after the clay modeling

Number of questions
Years

Average correct answer rate

Total Heart" Others Heart" Others p value Ratio”’

Pre 2008 35 3 32 485+12.79” 80.1+132 0.348 0.61
2009 62 53 62.3+17.9 67.1£26.1 0.348 093

2010 38 4 34 81.5+9.1 81.8+20.0 0.080 1.00

Post 2011 57 12 45 85.7+109 78.1+£16.8 0916 1.10
2012 34 31 864+179 80.1+17.3 0.832 1.08

2013 49 46 850+9.7 78.6+18.0 0.732 1.08

que%tlons asking about the development of the heart
“mean + standard deviation

»Ratio means correct answer rates for the heart/for the others of the year. The p value of ratiosof pre-years vs ratios of after-years is 0.109.
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