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SUMMARY: Numerous students perceive neuroanatomy as a particularly difficult subject due to its overwhelming complexity. Therefore,
a neuroanatomy book that concentrates on easy-to-read stories with schematics rather than exhaustive details has be@hipustlidied
evaluates the effect of a trial of the new neuroanatomy book on student learning. From the book, a printout on the bilairestéahreerve was
extracted. Medical students read the printout, and subsequently were examined on their knowledge of and interest in rye $tatestizm
who read the extract answered examination questions relatively well and were more interested in neuroanatomy. The peithtolgse@nce
the knowledge and concentration of the students. After grasping the fundamental information in the book, students ate eepaitedo
learn advanced concepts comfortably and confidently. In addition, the book with its concise and simple content is soitbfemsitort-
duration neuroanatomy courses but also for self-learning.
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INTRODUCTION

As neuroanatomy is the basis of neurologythe structures that are identifiable in cadaver specimens or
neurosurgery, neuroimaging, neurophysiologystained slices. The extremely simple illustrations explain the
neuropharmacology, and so forth, neuroanatomy is beingurse of the sensory and motor nerves, etc. Cartoons and
learned by numerous students in medical and biosciertest are included that provide memorization cue, including
fields. Without a grounding in neuroanatomy, one’selating to etymology (Chunet al, 2020Db).
understanding of neuroscience is built on a weak foundation
(Wiertelak & Ramirez, 2008; Hazelton, 2011). The purpose of this study was to evaluate the effect

of a trial of the neuroanatomy book on student learning.

Students usually access neuroanatomy knowledgecordingly, a printout of the brainstem and cranial nerves
either via detailed books or Internet sites such as Wikipedigas extracted from the book. Medical students who read
(Encyclopedia). Regretfully, most students perceivthe printout and those who did not were compared. The
neuroanatomy as profoundly difficult because of itstudents were asked to provide their opinions of the printout
overwhelming complexity and extent of materialvia multiple-choice questions and free description.
Consequently, they experience “neurophobia” (Flanagan
al., 2007; Lim & Seet 2008; Javaéd al, 2018).

MATERIAL AND METHOD

To help students overcome “neurophobia” and learn
neuroanatomy easily, two Korean anatomists wrote a
neuroanatomy book that concentrates on easy-to-read stories  The authors had prior experience giving whiteboard
rather than exhaustive details. This book primarily addresdestures on all neuroanatomy chapters. For the book, 138
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schematics drawn on the board were digitized on Adobweas presented to the students on-line in each medical school
lllustrator CC (Adobe Systems, Inc., San Jose, CA) (Fig. 1hecause the COVID-19 pandemic was ongoing (Table I).

The schematics were generated to be simple and In 2020, fill-in-the-blank questions were generated
consistent. For instance, the cerebrum, thalamus, afdm the printout (Fig. 3). Then, the questions were randomly
brainstem were depicted with three swellings. Thidivided into 13 questions for School A and 8 questions for
represented a new, effective symbolization of the centr8chool B (Table I).
nervous system. In addition, neurons were drawn in a
consistent pattern (Fig. 1). The multiple-choice questions, which were

independent of the printout, were administered in 2019. The

Some of the book authors’ learning comics wersame multiple-choice questions as had been administered
chosen to deliver neuroanatomy knowledge in a moie the counterpart schools in 2019 were presented in 2020
relaxed fashion (Fig. 2A) (Kimet al, 2017). Accordingly, (Fig. 4, Table 1). The questionnaire survey was carried out
anatomy comic strips containing helpful mnemonics andith the help of volunteer students. In 2020, the students,
relevant jokes were selected or created (Fig. 2C) (@arkwho were finishing the course, were asked to report for how
al., 2011; Shiret al, 2013). The various illustrations weremany hours they had read other neuroanatomy books and
explained with simple text (Fig. 2). The text was designddr how many hours they had read the printout. The hours
to be logical, successive, and correlated throughout tepent reading were compared between School A and School
chapters. B by independent-samples t-test. The Statistical Package for

the Social Sciences (SPSS), version 20 (IBM Corp., Armonk,

The book was entitled “Visually Memorable NY) was employed for the statistical analysis.
Neuroanatomy for Beginners” to emphasize its use of
schematics and mnemonics. The book (in paper and In 2019, the students were asked “How much did
electronic versions) was commercially published angou read another neuroanatomy book?” Responses were
distributed (Chungt al, 2020b). selected from four options (very much, much, little, very

little). In 2019 and 2020, they were asked to similarly respond

To assess the book’s learning effects, students in tvio two questions: “How much did you learn about the
Korean medical schools (School Aand School B) were askedltainstem and cranial nerve?” and “How much did you
volunteer after they received an explanation of the researbrcome interested in neuroanatomy?”
outline. Description of the two medical schools, where the
coauthors of this report were affiliated, is summarized in Table 1. In 2020, the students were asked to provide their

positive and negative remarks on the printout. Only School

In 2019, the brainstem and cranial nerve were taughAtstudents were asked to provide remarks on the one-week
by the original lecturers at both medical schools. Multipleaeuroanatomy course.
choice-questions were generated and administered by the
original lecturers. In 2020, the chapters “brainstem and The entire research procedure was approved by the
cranial nerve” from the presented book were printed (Fidnstitutional Review Board (IRB) of Ajou University School
2) and provided to the students; the book author pre-recordefdviedicine. The IRB granted an exemption of deliberation
a lecture video on the basis of the printout. The lecture vid¢AJIRB-SBR-EXP-15-254).

| @ Precentral gyrus, paracentral lobule
frecews 9 | 4y (motor cortex)

¥y LY Corona radiata

Internal capsule
Upper motor neuron

Pyramidal decussation

Ventral hom
»

B Lower motor neuron

)3
Fig. 1. Simplified neuroanatomy structure. A: Corticospinal tract drawn during the lecture. B: The same figure
digitized for the book.

356



SHIN, D.; PARK, J. S.; PARK, S. A. & CHUNG B. S.Effects of an easy neuroanatomy book with schematics on student learhidgMorphol., 41(2B55-361, 2023.

Table I. Situations in two medical schools regarding teaching brainstem and cranial nerve neuroanatomy.

School Aa School B
Survey year 2019 2020 2019 2020
Number of participating students 40 46 55 46
Sex of participating students 28 males, 12 33 males, IO.females 32 male{s, 15 females 18 males, 26 females
females (3 unidentified) (8 unidentified) (2 unidentified)

Integrated course

Weeks of neuroanatomy course®
Lecture hours of neuroanatomy
course®

Lecture hours

Lecturer

Lecture tools

Lab hours

Lab tools

Textbook

Examination questions

With histology, embryology
1

With neurophysiology, neuropharmacology
4

15 25
5 2
Original lecturer Book author Original lecturer Book author
Slides Lecture videod Slides Lecture videod
2.5 1 1.5 1.5
Cadaver

specimens, plastic
models, photos of

Cadaver specimens,
plastic models,
photos of sections

Cadaver specimens,
plastic models

Cadaver specimens,
plastic models

sections
None Printout None Printout
. . Fill-in-the-blanke . . h Fill-in-the-blankf,
_ g ) _ £
Multiple-choice multiple- choice® Multiple-choice multiple-choiceg

School & and School Bare Ajou University School of Medicine and Dongguk University School of Medicine, respectively.

‘These two items are for the neuroanatomy course, while the items below are only for the brainstem and cranial nerve.

dLecture video was generated based on the printout and presented on-line.

Thirteen fill-in-the-blank questionse and eight fill-in-the-blank questionsf were given.

Three multiple-choice questionsg were same between School A and School B, while the other three multiple-choice questieshmere

Cranial nerve Il

If one stares at a human, an
inverted image of the human
will be formed on the retina

because of the convex lens.

We can experiment
with a convex lens.

Retina

(i’

Lens

There forms the image of

A

the light bulb on the floor.

Light entering the eyeball is refracted by
projected onto the retina.

1st neuron Q.
¢

Cone cell —¥/

Rod cell

B

The image stimulates the cone cell and rod cell of the retina. The authors regard the

the lens. As a result, the inverted image is

Retina

Choroid 6

Sclera

CNIl

two kinds of cells as receptors, not as neurons. The receptors are located posterior to

the 1st neurons, so that image should penetrate the 1st neurons to reach the

receptors. This is such an unusual architecture.

An optic radiation
in the parietal lobe
approaches cuneus,

while the other
in the temporal lobe
approaches lingual gyrus.

W Lateral geniculate
@ nucleus

Optic radiation
in temporal lobe

Optic radiation
in parietal lobe

Calcarine

Cuneus  sulcus @

Lingual Lateral geniculate
gyrus nucleus

RESULTS

There were no remarkable differences according to
sex (Table I). Note that some students did not report their
sex.

In 2020, the students hardly read other neuroanatomy
books (0.8 hours in School A, 1.0 hour in School B). School
A students read the printout on the brainstem and cranial nerve
(10.2 hours) more than did School B students (4.8 hours; Table

1.

Regarding the fill-in-the-blank questions that were
randomly distributed between the two schools (Fig. 3), School
A students answered them more correctly (60.3% correct) than
did School B students (41.9% correct; Table II).

School B students answered the multiple-choice
guestions formulated in School A less well (32.6% correct)
than did School A students (70.8% correct). However, School
A students answered the multiple-choice questions formulated
in School B as well (82.9% correct) as did School B students
(79.4% correct; Table II).

Fig. 2. Part of the printout including
illustrations on the optic nerve. A: Learning
comics, B: Schematic drawing, C: Comic strip.
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In the transverse plane, the midbrain is divided into three parts: the [1], the tegmentum, and the
tectum (consisting of the [2]).

The [3] mostly sends parasympathetic impulses to the lungs, gastrointestinal tract, and other
thoracic and abdominal organs. Therefore, the [3] must be large, to yield the [4] in the floor of
fourth ventricle.

(Correct answers are [1] basis pedunculi, [2] superior and inferior colliculi, [3] dorsal nucleus of

vagus nerve, [4] vagal trigone.)

The students’ narrative remarks on the
printout were provided in the Korean language
and translated into English by the authors. The
strengths and weaknesses of the printout were
then categorized according to schematics,
writing, mnemonics, comics and jokes, difficulty

Fig. 3. Sample of the fill-in-the-blank questions on the brainstem and crar@@d volume, and summarization. Additionally,

nerve that were generated from the printout.

Question 1. The followings are photographs of a patient’s eyeball. The left eye did not move when
trying to look upward. The left eye went inferclateral side when trying to look forward. This
eyeball movement disorder is caused by a lesion in a nucleus. Which lesion in the midbrain
would be the case?

Supe[\;nr gazing
t

Anterior gazing

Question 2. Which is the wrong description regarding the dorsal side of the brainstem? (Answer: E)
A. Trochlear nerve pair originates from a pair of trochlear nuclei at the level of the inferior colliculus
B. The rhomboid fossa is divided into symmetrical halves by a median sulcus

C. The sulcus limitans is found in the fourth ventricle of the brain

D. Stria medullaris in the floor of the fourth ventricle forms the caudal border of the pons

E. Gracile nucleus is lateral to the cuneate nucleus

(Correct answers to questions 1 and 2 are B and E, respectively)

the strengths and weaknesses of the short
duration neuroanatomy course that was received
by School A students were delineated (Table V).

DISCUSSION

In the present study, a questionnaire survey
of medical students was conducted to reveal the
effect of a neuroanatomy book on students’
learning. The authors selected the brainstem and
cranial nerve excerpt, as these are regarded as the
core of neuroanatomy.

The students hardly read the neuroanatomy
book (excluding the printout) in 2019 (Table IlI)

Fig. 4. Sample of the multiple-choice questions on the brainstem and craaiatl 2020 (Table I1). This was likely because the

nerve, generated independently of the printout.

In 2019, the students hardly read other neuroanatomy
books (very much or much: 10.0% in School A, 8.5% in

course was integrated with other subjects and there
was a short duration neuroanatomy course (1-

week, 15 lecture hours in School A; 4 weeks, 25

lecture hours in School B; Table I).

However, in 2020, the students read the printout (10.2

School B), which was the same result as Table Il. Theurs in School A, 4.8 hours in School B; Table II). A reason
students reported good knowledge of the brainstem aful this was the fill-in-the-blank questions, which could be
cranial nerve in 2020 (very much or much: 90.7% in Schoabrrectly answered only after reading the printout (Fig. 3).
A, 90.9% in School B) as compared with in 2019 (very muchAnother reason is likely the learning effect of the printout, as
or much: 77.5% in School A, 83.0% in School B). Botlemphasized by the students’ narrative remarks: “Schematic
School A and School B students were interested figures are helpful for understanding complicated
neuroanatomy more in 2020 (very much or much: 65.1% ireuroanatomical structures. Sentences are short and easy to
School A, 75.0% in School B) than in 2019 (very much agrasp. Mnemonics are useful to prepare for the examination”
much: 60.0% in School A, 59.6% in School B; Table IIl). (Table IV). The printout promoted students’ reading.

Table II. Reading hours and correct responses by students in two medical schools.

School A School B
Survey year 2019 2020 2019 2020
Hours spent reading neuroanatomy book (excluding printout) 0'? 422)2 3 ! (2 4i4)23
Hours spent reading printout 1(2;‘23;2'0 4(25) 3 );5
Proportion correct of fill-in-the-blank questions (36307'?5?9) (1‘22/93?6)
Proportion correct of multiple-choice questions generated in School A (’87(5)/? 206)) (23/61 ;/5)
Proportion correct of multiple-choice questions generated in School B (18027'/91?9) (17 391'?1(;/05)

Mean+ Standard deviation (Number of students). **P < 0.005.
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Table Ill. Responses from students in two medical schools.

School A School B
Survey year 2019 2020 2019 2020
Very much 0.0 % 21%
How much did you read Much 10.0 % 6.4 %
the neuroanatomy book Little 37.5% 48.9 %
(excluding printout)? Very little 52.5 % 42.6 %
Total 100.0 % (40) 100.0 % (47)
Very much 20.0 % 55.8% 14.9 % 159 %
How much did you Much 57.5% 349% 68.1 % 75.0 %
learn of the brainstem Little 22.5 % 7.0 % 17.0 % 9.1%
and cranial nerve? Very little 0.0 % 23% 0.0 % 0.0 %
Total 100.0 % (40) 100.0 % (43) 100.0 % (47) 100.0 % (44)
Very much 5.0% 11.6 % 25.6 % 25.0%
How much did you Much 55.0 % 53.5% 34.0 % 50.0 %
become interested in Little 37.5% 32.6% 34.0 % 20.5%
neuroanatomy? Very little 25% 23 % 6.4 % 4.5%
Total 100.0 % (40) 100.0 % (43) 100.0 % (47) 100.0 % (44)

(Number of students).

Table IV. Narrative remarks from School A and School B students on the printout in 2020.

Strengths of the printout Weaknesses of the printout
. Schematic figures are helpful for understanding Simplified figures cannot show the actual
Schematics . . .
complicated neuroanatomical structures. (56) appearance of neuroanatomical structures. (25)
Writin Sentences are short and easy to grasp. (16) English is more difficult than Korean. (7)
& Subchapters are well-organized. (5) Some English expressions are inaccurate. (6)
. Mnemonics are useful to prepare for the Mnemonics are insufficient, compared to a
Mnemonics . .
examination. (8) regional anatomy book. (7)
. . Thanks to the comics and jokes, studying became Comics are insufficient, compared to a regional
Comics and jokes .
less boring. (3) anatomy book. (6)

Only essential contents are included, which is
adequate fora short course (4)

A figure summarizing the nuclei of cranial nerves There were not enough summary tables and
was helpful. (3) diagrams. (3)

Course duration was too short to cover the vast
amount of neuroanatomy. (6)

Difficulty and volume Some details are omitted or oversimplified. (5)

Summarization

Duration of neuroanatomy

* Short and intensive course was efficient. (11)
course

(Repeated number of remarks among 88 students). *Given only by School A students.

This was the expected result: School A students readerested in neuroanatomy more in 2020 than in 2019 (Table
the printout (10.2 hours) more than did School B studentig). The printout and the lecture based on the printout seemed
(4.8 hours; Table 1) because School A students had becotoeenhance knowledge of and interest in neuroanatomy. This
highly familiar with such a book style during the precedingnight be attributed to the strengths of the printout:
regional anatomy course (Chumgal, 2020a). School A understandable schematics, simple text, useful mnemonics,
students answered the fill-in-the-blank questions, which weaad so forth. Another strength of the printout could be the
generated from the printout (Fig. 3; 60.3% correct) momomics and jokes (Fig. 2; Table V).
correctly than did School B students (41.9% correct). School
A students answered the multiple-choice questions, which The printout was tailored to the short course and
were formulated in School B independent of the printout, dscture video. In School A, neuroanatomy was taught only
correctly (82.9% correct) as did School B students (79.4f6r one week (Table 1). The students reported strengths and
correct; Table II). The printout might have enabled Schoaleakness of the course as, “Short and intensive course was
A students to adapt to questions unrelated to the printoutefficient. Course duration was too short to cover vast amount

of neuroanatomy” (Table IV). The short form anatomy course

The students understood the brainstem and cranisla global trend that may be irreversible. (Peterson & Tucker
nerve better in 2020 than they did in 2019. They also beca@@05; Chunget al, 2020b) In 2020, COVID-19 required
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anatomists to perform distance learning via video Igcture§H|N, D.: PARK, J. S.: PARK, S. A. & CHUNG B. S.Efectos
(Pachecet al, 2020; lwanagat al, 2021) The lecture video de un libro sencillo de neuroanatomia con esquemas sobre el apren-
is closely to self-learning and flipped learning. (Ferrerdizaje de los estudiantdst. J. Morphol., 41(2B855-361, 2023.
Torregroseet al, 2016; Day, 2018) A book that has concise _ _

and easy content might be especially suited to supplementshort RESUMEN: Muchos estudiantes perciben la
courses and lecture videos. This notion is supported by tﬂ%uroanatoml’a como un tema particularmente dificil debido a su

students’ remarks on the strengths of the printout (Table \A2rumadora complejidad. Por lo tanto, se ha publicado un libro de
euroanatomia que se concentra en historias faciles de leer con

. ) . . . esquemas en lugar de detalles exhaustivos. Este estudio evalta el

~ The drawings in this printout are extremely Simpl&tecto de una prueba del nuevo libro de neuroanatomia en el apren-
(Figs. 1 and 2). Such schematics are akin to rough maps d@#aje de los estudiantes. Del libro, se extrajo una impresion sobre
initial visitors to a location. Students may easily redraw thg tronco encefalico y los nervios craneales. Los estudiantes de
schematics, which is helpful for memorization (Greenenedicina leyeron la copia impresa y, posteriormente, se les exami-
2018; Reickt al, 2019). As anticipated, the students indicated® su conocimiento e interés por la neuroanatomia. Los estudian-

that the schematics represented a strength (Table 1V). €S que leyeron el extracto respondieron relativamente bien a las
preguntas del examen y estaban mas interesados en la

@%Ljroanatoml’a. Laimpresién parecia mejorar el conocimiento y la

Regarding the schematics, the students also no y . A )
thei . K - wSimplified fi t sh concentracion de los estudiantes. Después de comprender la infor-
eir primary weaxness. “simplified Tigures cannot ShowW, ;s fundamental del libro, se espera que los estudiantes pue-

the actual appearance of neuroanatomical structures” (Talg, aprender conceptos avanzados con comodidad y confianza.
IV). A solution is that teachers could show the schemati@ggiemas, el libro con su contenido conciso y simple es adecuado

together with the actual neuroanatomy during a slide lectufg solo para cursos de neuroanatomia de corta duracién, sino tam-
Another solution for students could be to supplement thn, para el autoaprendizaje.
schematics with digital learning tools, such as online atlases

and videos; such an approach is frequently utilized (Jaffar, =~ PALABRAS CLAVE: Neuroanatomia; Aprendizaje; Li-
2012; Lewiset al, 2014). bros ilustrados; Preguntas de examen.

That a small amount of neuroanatomy information
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