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ABSTRACT 
Anatomical education is very important in understanding the internal structure of the body and the 
mechanism of life, especially for the medical profession, including nursing. However, in Japan, students 
have a few opportunities of getting anatomical education using animals before they enter university. The 
different step-by-step anatomical curriculum needs to be created for elementary school, junior high school, 
high school, and university students. However, it is difficult to perform anatomical education widely, 
particularly with bioethics problems and students who often have an aversion to dissected animals. 
Therefore, it is considered very useful to introduce anatomical education using marine products, which are 
more familiar. In particular, fish have the same basic structure as vertebrates, so they are useful for 
understanding the bodies of vertebrate animals, including the human body. Also, the use of marine products 
other than fish can deepen students’ understanding of the structure of organisms of various systems. 
Therefore, in this study, we conducted anatomical lectures from functional morphology and ecological point 
of view, using marine products as teaching materials for elementary school children. To prevent students’ 
aversion, the marine products were wrapped, which also reduced the smell. Students actively learned the 
internal structure of fishes, cephalopods, and shellfish, without aversion. According to our questionnaire 
survey, most participants reported that their impression and comprehension of the course was excellent or 
good. The use of “seafood” as teaching material for young learners was found to be very useful for 
anatomical education. 

Keywords: anatomy, cephalopods, fish, marine products, scallop, science education 
 
 

INTRODUCTION 

The medical profession, and nursing, in particular, requires a high level of expertise related to human life. 
Expert knowledge, accurate judgment, and prompt action are required to address the needs of the patient 
(Sakashita et al., 2004). Anatomical knowledge of the human body is essential (Sakashita et al., 2004). Especially, 
the anatomical practice is very important since not only hand-on deep understanding but also the opportunity of 
understanding “three-dimensional” structure of life (Jang et al., 2017; Tompson and Toga, 1996). The Anatomical 
practice is also known for providing a forward-looking learning opportunity, the active knowledge needed to 
become a medical professional, and an analytical view to learners (Lempp, 2005). However, it has been reported 
that students who have advanced to the nursing system are rarely taught about animal anatomy before joining 
university (Iwama and Hatogai, 2009). 

Therefore, it is vital to create a curriculum in elementary school, junior high school, high school, and at the 
university level, that allows students to learn about the animal body while exploring its structure and functions 
(Iwama and Hatogai, 2010). When it comes to animal dissection, however, it is reported that the implementation 
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rate is about 10% in elementary school and 30% in junior high school (Nishikawa and Tsuruoka, 2007). In addition 
to bioethical considerations, this is also because of the revulsion that quite a lot of students and instructors feel 
towards dissection (Iwama and Hatogai, 2010; Iwama, Matsubara and Shimoji, 2008). It has also been reported 
that male students show a greater dislike for dissection practice (Kato, 2017). The stress on medical students for 
anatomical practice has many reported (Dinsmore et al., 2001; Finkelstein and Mathers, 1990; Houwink et al., 
2004). The aversion for anatomy is reported for the problem and the obstacle to learner’s understanding for inner 
structure of animals (Iwama et al., 2008; Koike and Takatsudo, 2012). When students express aversion towards 
dissection, it is important to present them with alternative learning methods (Kato, 2017). Thus, when conducting 
anatomical education for primary scholars, various factors must be considered.  

In educating the new student, studies show the importance of introducing content that is perceived as familiar, 
to make classes interesting (Furihata et al., 2009). Recently, foodstuff has been used for anatomical education 
because of its familiarity to learners (Kashio, 2016). In anatomy classes for elementary school students, small dried 
sardines have been used extensively in recent years (Hosoyama, 2012; Saiki, 2017). According to Saiki (2017) 
research reveals the advantages of studying the internal structure of small dried sardines without special anatomical 
work. However, when dissecting small fish, such as dried sardines (Engraulis japonicus), dexterity of the hands is 
required. Further, since the object is small, it is difficult to observe the details (Saiki, 2017). 

While dried sardines are easy to use as teaching material, it is difficult to accurately convey what their anatomical 
form and internal structure look like when they are alive, because their bodies are now shrunken and desiccated. 
In high schools, squid is being dissected to demonstrate the composition of animal bodies (Saiki and Okino, 2014). 
Cooked birds are also being used for anatomical education (Nozaki and Katayama, 2017). However, although high 
school students can use knives in anatomy classes, elementary school students are not allowed to owing to safety 
concerns. Omura (2016) considers teaching material that can be observed by the naked eye or with a magnifying 
glass (i.e., with minimal effort), to be ideal. As they constitute anatomical material of an appropriate size, (Sasaki, 
2008) recommends fishery products. The use of fish fillets and scallops makes it possible to study animal anatomy 
while eliminating the need for knives and physical dexterity. Since fish have the basic structure of all vertebrate 
animals (Romer and Parsons, 1986), this exercise can provide the foundational knowledge necessary for future 
dissections of mammals and humans. Besides, familiarity with the internal structure of different animals makes it 
possible not only to recognize biological diversity but also to understand body structures more comprehensively 
(Iwama et al., 2008). Therefore, it is suggested that a diversity of species may be desirable, especially in the context 
of anatomical education for children. By showing the internal structure not only of fish but of other invertebrates 
as well, the impact of the lesson is amplified. 

Morphological and functional studies have also proven to be necessary for the field of nursing (Sakashita et al., 
2004). The shape of the organism reflects its function, which is also reflected in the internal structure of animals 
(Romer and Parsons, 1986). However, since anatomy as a subject has much content that must be memorized, it is 
often caught as an academic record of memorization 2008). Therefore, students must be provided with 
opportunities to think about the role of that form (Sakashita et al., 2004). In this study, we aimed to use marine 
products as teaching materials from an anatomical and functional morphological viewpoint, practice education, to 
verify their usefulness. 

MATERIALS AND METHODS 

Course Implementation 

We presented a practice lecture for elementary school students (18 people) at a lifelong learning facility attached 
to a university (Gakushuin Sakura Academy) in 2018. After delivering a lecture on the ecology of marine life and 
facilitating the observation of marine products using macroscopic and magnifying glasses, time for a discussion 
was established.  

To evaluate the usefulness of marine products for avoiding learner’s aversion, a questionnaire was distributed 
before and after the course: a five-point scale evaluating the impression for the internal structure of marine lives. 
The difference in this rate before and after the lecture was evaluated with the Wilcoxon Signed-Rank Test. Besides, 
to survey the effect of the course, a questionnaire was distributed after the course: a five-point scale evaluating the 
students’ impression of the course and their comprehension levels was assigned to each item. In addition, a free 
description field under headings such as “understanding” and “difficulty” was included. 

Seafood Used in the Course and Commentary 

We chose to use marine products that are typically seen at the dining table, as teaching material. Products whose 
morphological features and appearance could be observed with the naked eye or the magnifying glass were 
therefore chosen. 
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EXPLANATION CONTENTS 

Internal Structure and Myology of Fish 

We used a fillet of mackerel (Scomber japonicus) and a fillet of salmon (Oncorhynchus keta) to better understand the 
fillet as a chunk of “muscle” (Figure 1A, B). The body of a fish is divided into the head, the torso, and the tail. 
The vertebral column, which is a characteristic of vertebrate animals, passes through the dorsal side. The 
segmented axial muscle is divided into myomeres by myoseptal connective-tissue partitions (Figure 1C). When 
swimming, muscles on both the left and right sides are used alternately, the wave motion is transmitted to the back, 
and the water moves backward. The fillet was presented as a cross-section of the fish trunk, while the patterns 
visible on the surface of the fillet were described as myoseptal connective-tissue partitions. Furthermore, since 
internal organs are stored in the body cavity, and as the axial muscles surround the celom, the inward curve of the 
fillet was attributed to the presence of a celom on the inner surface of the fish. 

We also delineated the different types of muscles. Red muscles (slow muscles) are loose but resilient, suitable 
for sustained swimming. In contrast, white muscles (fast muscles) are powerful but not conducive to sustained 
swimming. Red streaks are streaks of blood, whose proportions vary depending on ecology (swimming ability). 

Basic Posture and Internal Structure of Cephalopods 

To understand the basic body structure of cephalopods, squid (Todarodes pacificus) were used (Figure 2). The 
cephalopod’s arms extend outwards from the head, behind which the mantle is located. Its body posture is different 
from that of vertebrates. When swimming, water jets out of a funnel (which many people mistake for a mouth); 
the direction of the funnel decides the direction in which the cephalopod swims. Cephalopods have three hearts; 
one heart (systemic heart) and two branchial hearts. The heart lies in the almost middle in the body and circulates 
blood for the whole body. Branchial hearts act as the supplement pump of the systemic heart. Branchial heats 

   
Figure 1. A: The fillet of mackerel and the cross sections of the mackerel. B: The cross sections of the axial muscles 
of the salmon. C: The axial muscles of a fish. 

 
Figure 2. A: Body position of the cephalopods. B: The inner structure of the squid. 
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locate at the basis of the gills, and they help the gas exchange of the gills (Wells, 1992). In the instructional material, 
a description of the basic structure and movements at the time of swimming are added. 

Internal Structure of the Bivalve 

Scallops (Patinopecten yessoensis) were used to understand the internal structure of bivalves (Figure 3). Bivalves 
are filter feeders. They filter “food”-such as detritus and plankton-from the water using gills and labial palps, and 
convey it to the mouth. Food coming from the mouth is digested in the stomach, absorbed by the mid-gut gland, 
and excreted from the intestine through the anus. 

We explained the mantle, which is the so-called “Himo” secretes the shell component. The principal or edible 
parts of the scallop are the adductor muscles, which are of two kinds: a striated muscle to open and close the shell 
firmly and a catch muscle to keep the shell closed by less energy (Funabara, 2009). The striated muscle is soft, and 
the catch muscle is hard and elastic (Figure 4). We instructed students to touch and confirm the differences 
between both types of muscles through the lap seal packaging. 

Teaching Materials 

Unlike the science laboratory, the room in which this course was conducted did not have any water supply. 
Also, because it is a comprehensive lifelong learning institution not only for scientists but also for general people, 
it is necessary to prevent a strong smell. For that reason, we prepared a sample sealed with lap or Ziploc bag, which 
allowed the learners to touch the material without getting their hands dirty (Figure 5). 

 
Figure 3. The inner structure of the scallop 

 
Figure 4. The adductor muscles of the scallop 
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RESULTS 

Participants’ Situations 

• When we showed them the marine products, the children responded positively, crying out, “that looks 
delicious!” 

• They used a magnifying glass to observe the myosepta pattern of the fish muscles actively. 
• Upon seeing the basic body structure of the cephalopods, they were amazed. Since there are many 

opportunities to see the pop culture drawing whose face is drawn on the torso part, it seems that the exact 
body structure is not well known. 

• By touching the muscles of scallops (through the lap seal packaging), they understood that there were two 
types of muscles with different degrees of hardness. 

Results of the Questionnaire 

Figure 6 shows the results of the questionnaire which was taken before and after the course on the impression 
about the inner structure of animals. Before the course, 11.1% (2 out of 18 students) answered that the impression 
about inner structure of animals was good, 11.1% (2 out of 18 students) answered that the impression was average, 
55.6% (10 out of 18 students) answered bad, 22.2% (4 out of 18 students) answered very bad. After the course, 
55.6% (10 out of 18 students) answered that the inner structure was excellent, 38.9% (7 out of 18 students) said it 
was good, and 5.6% (1 out of 18 students) said it was average. The significant difference was shown between the 
impression of the inner structure of animals before the lecture and after the lecture (p < 0.01). 

 
Figure 5. The wrapped salmon 

 
Figure 6. The results of the questionnaire on the impression about the inner structure of animals 
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Figure 7 shows the results of the questionnaire on comprehension of the course: 66.7% (12 out of 18 students) 
said their comprehension levels were excellent, while 33.3% (6 out of 18 students) said they were good. Figure 8 
shows the results of the questionnaire on the impression about the course: 55.6% (10 out of 18 students) answered 
that the course was excellent, 33.3% (6 out of 18 students) said that it was good, 5.6% (1 out of 18 students) said 
it was average, and 5.6% (1 out of 18 students) said that it was poor. 

Some good points made in the free description column were: “I came to know that the fillet is a muscle for the 
first time,” “I understood why the fillet is that shape,” “It was fun to understand the body structure of 
cephalopods,” “I was glad that I understood that there were mouths and anuses in the shellfish,” “It was easy to 
touch because it was through the packaging,” “It was the first time I came to know that there are two types of 
muscles on a scallop.” On the other hand, some suggestions pointed out areas of improvement and some of the 
points were difficult to interpret, such as “I wanted to see living fish” and “the image viewed on TV of science 
program is beautiful.” One suggestion for the future was “It might be fun to do the course in the aquarium.” 

DISCUSSION 

In our research, we used seafood to teach students about animal anatomy. Since it is possible to implement 
even without special laboratory facilities, anatomical education using marine products can also be pursued at home. 
Saiki and Okino (2014) showed students aversion towards anatomy practice. It is reported that the aversion for 
anatomy become an obstacle to learner’s understanding of the inner structure of animals (Iwama et al., 2008; Koike 
and Takatsudo, 2012). In this lecture, students who used seafood, on the other hand, did not show the same 
aversion towards studying anatomy and observed the inner structure of marine animals with interest. We, therefore, 
recommend teaching animal anatomy using seafood, since it can be done without creating any feelings of aversion 
on the learner’s part. The results of the questionnaire revealed that most participants responded with “excellent” 
or “good” to questions about impression and comprehension (Figures 7 and 8). Besides, most participants 
changed the impression of the inner structure of animals from “very bad” or “bad” to “excellent” or “good” 
(Figure 6). According to the results, using seafood as teaching material was very effective at helping students 
understand the anatomical structure of marine life without aversion. It is reported that hands-on learning is 
available for decreasing aversion for animals (Prokop and Fančovičová, 2016). Therefore, it is suggested that hands-
on with marine products for primary anatomical education, which tends to be got aversion was excellent methods. 

Anatomy is essential not only for professionals such as medicine and nursing but also for biological education 
(Iwama and Hatogai, 2010). However, university students and specialized students in medicine and nursing where 
human anatomy is essential are rarely experienced in animal dissection before high school graduation (Iwama and 
Hatogai, 2010; Nishikawa and Tsuruoka, 2007). Being interested in the internal structure of animals and knowing 

 
Figure 7. The results of the questionnaire on comprehension of the course 

 
Figure 8. The results of the questionnaire on the impression of the course 
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the mechanism of life, before leaving the university, it is desirable that they learn the basics of anatomical education 
(Iwama et al., 2008). Therefore, there is a need for opportunities to learn anatomy gradually from elementary school 
students (Iwama et al., 2008; Iwama and Hatogai, 2010). When learning about living things, observation, and 
experience are important (Shimada, 2009). Especially, hands-on learning is very active way to enhance more 
profound understanding and interest for learners (Brinson, 2015; Jones et al., 2019; Lempp, 2005; Lineberger and 
Jayne, 2000; Prokop and Fančovičová, 2016; Reid, 2001). Hand-on anatomical learning is very important since not 
only deep understanding by hand-on effect but also the opportunity of understanding “three-dimensional” 
structure of life. The book can only show the two-dimensional view through the structure of the organism is 
constructed with three-dimension (Tompson and Toga, 1996). Therefore, hands-on anatomical learning trumps 
book learning from these points: enable to observe with three-dimensional view (Jang et al., 2017; Tompson and 
Toga, 1996) and the spatial orientation within the body (Forum, 2004). Besides, an anatomical education is critical 
to understanding the inner structure of animals (Iwama and Hatogai, 2010). Since there are various considerations 
such as bioethics and emotional education (Saiki and Okino, 2014), it is only recently that it became possible for 
general children to study anatomy. Therefore, we would argue that studying animal anatomy using food materials, 
as was done in this course, could be useful. 

The opportunity to learn about the body parts of those living beings we eat regularly is also a significant aspect 
of food education (Simada, 2015). Regarding fish fillets, although there is a recognition that they come from fish, 
it is difficult for students to understand that they are eating fish muscle, which is the result of dissecting the fish. 
Therefore, to enhance students’ understanding of the anatomy and myology of fish, fish fillets may be a useful 
anatomical educational tool. Also noteworthy is students’ limited awareness of the basic body structure of mollusks 
such as cephalopods and shellfish. Because fish have the basic structure of vertebrates (Romer, 1970), students are 
keenly aware of their internal organs and musculoskeletal forms. However, in this research, when it comes to 
mollusks, recognition decreases significantly. Mollusks have less aversion than that of vertebrates because there is 
no red blood, and individuals of optimal size for macroscopic dissection are easy to prepare with ingredients, which 
is useful for anatomical education of animals (Sasaki, 2008). Education focusing on the basic posture of 
invertebrates should be the focus of future work. 

In this course, we used mainly lap and Ziploc bags for raw samples. As a result, students were comfortable 
touching the raw sample because it was through the outer layer. For the learner who is averse to touching raw fish 
or concerned about contamination, this seems to be a useful approach. Recently, the care for students of aversion 
in anatomical education is needed, and some educational materials were practiced (Saito, 2004). Saito (2004) 
mentioned the usefulness of human body model by plastination, which is clean and odorless. For those who wish 
to use their bare hands, this procedure is not necessary. However, particular care seems to be necessary for student 
who has an aversion for teaching rare samples and in the place of prohibiting vivid smell. Since hands-on activities 
can decrease children’s disgust for animals (Prokop and Fančovičová, 2016), it may be important to make it easy 
for anyone to touch something that is not a good impression for first learners with knowledge alone. 

In this study, we explored the usefulness of using marine products for educational purposes from an anatomical, 
functional morphological, and ecological point of view. While we used fishes, cephalopods, and shellfish this time 
around, in the future, it would be worthwhile to quantify the usefulness of different types of teaching material, to 
gain a detailed understanding of their effects and to use them in the field. 

Although many students do dissection practice after from high school, to educate at an early stage by using the 
hands-on learning for deep understanding and reducing aversion to anatomy is desirable (Iwama and Hatogai, 
2010). This research showed the positive effects of usage of marine products for hands-on anatomical learning to 
elementary school student. In the future, the researches on further advanced teaching materials and programs are 
needed for hands-on anatomical education is widely available. 

Compliance with Ethical Standards 

This work has no potential conflicts of interest. 
About research involving Human Participants, permission to use data for this research was obtained from the 
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