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Abstract

The aim of this research is to reveal the levels of understanding of student science teachers regarding the digestive system.
In this research, 116 student science teachers were tested by applying the drawing method. Upon the analysis of the
drawings they made, it was found that some of them had misconceptions such as ‘the organs of the digestive system have
no relationships with each other’ and ‘it is an open-ended structure by which oral nutrients arrive at the stomach’.
Additionally, it was concluded that some of them had insufficient knowledge. The importance of the findings was
analysed in detail in the light of literature information. Suggestions for how to eliminate these problems were provided.
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1. Introduction

Some techniques are used in order to present the conceptual understandings and misconceptions of the students.
Open-ended questions (Eisen & Stavy, 1988), two-tier diagnostic tests (Haslam & Treagust, 1987), interviews
(Abdullah & Scaife, 1997), concept maps (Novak & Gowin, 1984), word association tests (Bahar, Johnstone & Sutcliffe,
1999), and drawings (Prokop & Fancoviova, 2006) may be given as examples of these techniques. Using drawings to
access students’ thinking has been a feature of educational research. Students can present a broad spectrum of ideas
through drawings (Rennie & Jarvis, 1995). This is in contrast to what is exposed by standard written texts, where
students can repeat what they learned in class without revealing their misconceptions (Scherz & Oren, 2006). Students’
drawings are a useful means to present the misconceptions and conceptual understandings of the students in studies in
the field of science (Dikmenli, 2010; Cardak, 2009; Bahar, Ozel, Prokop & Usak, 2008; Kose, 2008; Prokop &
Fané¢ovieéova, 2006; Ben-Zvi Assaraf & Orion, 2005). Besides their benefits, these techniques can also have some
disadvantages (Driver & Erickson, 1983). As a technique for exploring ideas, drawing taps holistic understanding and
prevents students from feeling constrained by attempting to match their knowledge with that of the researcher (White &
Gunstone, 2000). Therefore, science researchers use the drawing technique in order to reveal the understandings of
students. On the other hand, as in every technique, drawing techniques can also have disadvantages as well as
advantages. Strommen (1995) found that children’s drawings of forests yielded less information than interviews. In his
research, students tended to draw multiples of a single type of animal or plant, rather than different species. This would
show that drawings are of limited value in detecting children’s ideas about species diversity (Dove, Everett & Preece,
1999).

In order to reveal the understandings of students, several researchers used children’s drawings to examine their ideas
about cell division (Dikmenli, 2010), digestive system (Gungor & Ozgur, 2009), water cycle (Cardak, 2009), heart
(Bahar, Ozel, Prokop & Usak, 2008), the internal structure of animals (Prokop, Prokop, Tunnicliffe & Diran, 2007), and
endangered species (Erdogan & Erentay, 2007).

In his study on children aged 4-16 about the functions of the human body, Gellert (1962) determined that the students
had the misconception that ‘the heart is used for breathing’. Prokop and Fancovicova (2006) also expressed that a
maximum of 47.4% of prospective primary school teachers had misconceptions about the function of the heart such as
‘heart beating prolongs life’. In their study, Bahar et al (2008) presented that most of the science student teachers had
insufficient knowledge as well as misconceptions about the inner structure of the heart.

Many studies on the digestive system identified the misconceptions of students (Gungor & Ozgur, 2009; Cakici, 2005;
Carvalho, Silva & Clément, 2003; Banet & Niinez, 1997; Niinez & Banet, 1997).

In the studies carried out in several countries about the digestive system in human beings, misconceptions such as
defining the digestive system as ‘a pipe with two open ends’, defining the stomach as ‘a balloon with no relationship
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with the mouth, having neither an entrance nor an exit’, and expressing the stomach as the most important organ of the
digestive system, were given as epistemologically rooted misconceptions (Carvallo, Silva & Clement, 2003). In the
researches, such misconceptions were found in individuals with different cultures in different countries (Carvallo, Silva
& Clement, 2003).

In their study, Gungor and Ozgur (2009) presented that the students established an incorrect relationship between the
digestive system and the urinary system. From the drawings of the students, it was seen that the relationship that they
established between the digestive and urinary systems was not a relationship which took place through the circulation
system but a relationship in the form of direct connections between the digestive and urinary organs.

In his study in 2005, Cakici researched the understanding levels of 283 students aged 10—11. The most significant
finding was the children’s conception of the digestive process as ‘melting of foods’ rather than ‘breaking foods down’.

In the Turkish education system curriculum, the digestive system is taught in several lessons at elementary and high
school. Additionally, university science student teachers learn about the digestive system in general biology lessons and
some other lessons involving physiology.

This study aims to reveal the misconceptions of science student teachers regarding the digestive system. The results of
the present study will provide several opinions to teachers about teaching methods they can use for teaching the
digestive system and its structure. In this study, the drawing method was used to achieve the following aims: what are
the knowledge levels regarding the digestive system of the student science teachers in this research? And what are the
misconceptions of the science student teachers?

2. Methods

In this study, the university student science teachers’ understandings about digestive system were researched with the
data collection tool using drawing methods.

2.1 Participants

A total of 116 students participated in this study. They were all studying to become student science teachers at Faculty of
Education in Necmettin Erbakan University in Turkey. The university student science teachers participated in this study
voluntarily. The average age of the students was 21.8 years (range = 19-26). The majority of the students were female (95
of 116). Participants had previously studied the digestive system in General Biology 2, Human Anatomy and Physiology,
Special Issues in Biology as a school subject during various semesters. The study was carried out in March 2015.

2.2 Data Collection and Analysis

The participating student science teachers were asked to draw an human digestive system on a blank piece of A4 paper.
The drawing method was chosen to enable a deep, clear insight into the students’ understanding (Rennie & Jarvis, 1995).
There is evidence that students’ drawings may serve as a useful tool for probing their level of understanding of natural
phenomena and for identifying the gap between students’ misconceptions and scientific ideas (Reiss & Tunnicliffe,
2001; Tunnicliffe & Reiss, 1999). Student science teachers’ answers to the drawing activity were analysed using a
coding framework prepared by Kose (2008), and Reiss and Tunnicliffe (2001). Next, all the drawings were scored by
the researcher. The drawings were evaluated by two different biology education specialists. The scoring results were
compared; the differences in a few cases were opened for discussion and then a final decision about the scoring was
made. The drawings were addressed as a whole, and analysed through a scoring method that took the units on the
drawing into consideration. The units on the drawing, rather than drawing capability, were taken into consideration
when assessing the drawings. Five levels of conceptual understanding were identified for this research: no drawing,
non-representational drawings, drawings with misconceptions, partial drawings and comprehensive representation
drawings. Details of the levels are as follows (Dikmenli, 2010; Kose, 2008):

Level 1: No Drawing: Student science teachers replied, ‘I don’t know,” or no response was given to the statement.

Level 2: Non-Representational Drawings: These drawings included identifiable elements of the digestive system. In
addition, the answers, which included diagrams or formulations instead of the drawings, were evaluated in this category.
This category is illustrated by examples in Figures 1.

Level 3: Drawings with Misconceptions: These types of drawings showed some degree of understanding of the
digestive system, but also demonstrated some misconceptions; however, these were misconceptions held by scientists or
stated in science texts. This category is illustrated in Figures 2a and 2b.

Level 4: Partial Drawings: The drawings in this category demonstrated partial understanding of the concepts. This
category is illustrated in Figure 3.

Level 5: Comprehensive Representation Drawings: Drawings in this category were the most competent and realistic
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drawings of the digestive system. This category is illustrated in Figure 4.
3. Results

The conceptual understanding levels of the student teachers were classified as no drawing, non-representational
drawings, drawings with misconceptions, partial drawings and comprehensive representation drawings. The ranking
was inspired by previous work in the field (Bahar et al., 2008; Kose, 2008; Reiss & Tunnicliffe, 2001; Dove et al.,
1999), the knowledge about anatomy and physiology of the researchers and the outcomes regarding the digestive
system mentioned in the Turkish biology/science curricula. For these categories, advantage was taken in classifying the
answers of the science student teachers in Table 1. The results of the student science teachers according to the five
levels are given in Table 1.

Table 1. Student science teachers’ conceptual understanding of the digestive system

Level Understanding N(116) %

Level 1 No drawing (students replied, ‘I don’t know’ or no response was given to the statement) 3 2.6

Level 2 Non-representational drawings (these drawings included identifiable elements of the 7 6.0
digestive system. This category is illustrated by examples in Figures 1)

Level 3 Drawings with misconceptions (these types of drawings showed some degree of 24 20.7

understanding of the digestive system, but also demonstrated some misconceptions;
however, these were misconceptions held by scientists or stated in science texts. This
category is illustrated in Figures 2a and 2b).

Level 4 Partial drawings (the drawings in this category demonstrated partial understanding of the 59 50.9
concepts. This category is illustrated in Figure 3).

Level 5 Comprehensive representation drawings (drawings in this category were the most 23 19.8
competent and realistic drawings of the digestive system. This category is illustrated in
Figure 4).

Total 116 100

As can be seen in Table 1, the most dominant category was Level 4, partial drawings, where students had a partial
understanding. This accounted for 50.9 % of the student teachers. The category in which students showed a full
understanding accounted for 19.8 %. The student teachers had very few non-representational drawings (6%). This
shows that student teachers partially know the organs of the digestive system. Additionally, it was clearly presented that
they had misconceptions and lack of knowledge in some drawings (20.7%). The percentage of the student teachers with
misconceptions was of importance. All these results demonstrate that student teachers had a lack of knowledge in
relation to the digestive system.

Table 2. The most frequent structure drawn by student science teachers

N(1e) % from

total
Stomach 102 88.0
Mouth 99 85.3
Pharynx 76 65.5
Oesophagus 75 64.7
Small intestine 75 64.7
Large intestine 72 62.1
Anus 33 28.4
Liver 27 23.3
Pancreas 26 22.4
Gall bladder 15 12.9
Teeth 13 11.2
Throat 5 43
Windpipe 5 43
Tongue 3 2.6
Heart 3 2.6
Duodenum 3 2.6
Lungs 1 0.9
Eyes 1 0.9
Brain 1 0,9

The drawings were analysed one by one, and the frequency of the organs which were drawn by the student teachers in
relation to the digestive system is shown in Table 2. In the drawings, the organs with roles in digestion such as stomach,
mouth, pharynx, oesophagus, small intestine and large intestine were determined to be more. The organs with roles in
the digestive system such as liver, pancreas and gall bladder were drawn less. The stomach was drawn by 88% of the
students while 85.3% of them drew the mouth. The anus was drawn by 28.4%. The lungs, eyes and brain, none of which
have any association with the digestive system, were drawn by 1% of the students.
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Figure 1. Example of Level 2 (non-representational drawing)

Figure 1 shows one drawing of student science teachers at the non-representational Level 2. Figures 2a and 2b show
two examples at drawing Level 3 (understanding with misconceptions). As can be seen from Figures 2a and 2b, student
teachers thought the mouth did not have any duties in digestion. The student teacher did not draw the mouth in the
digestive system in either of the figures. In Figure 2a, the student teacher also had misconceptions about the location of
the stomach and other digestive organs. The student teacher also drew some organs which did not have any association
with each other. The student teacher drew both small intestine and large intestine in the stomach. They did not establish
any connection between the elements of digestion. The locations of the gall bladder, liver and pancreas were also
incorrect. In Figure 3, there was partial drawing (Level 4). The student teacher did not draw the pharynx and the anus
which are the most important organs with roles in the digestive system (Figure 3). Figure 4 shows an example of
drawings for the fifth category (comprehensive representation drawings with and without misconceptions). Figure 5
belongs to a student teacher who has the misconception of thinking the digestive system only consists of the stomach
and the intestines and does not establish any connection between the organs (Figure 5).

Figure 2a, 2b. Example of Level 3 (drawing with misconception)

In Figure 3, there was partial drawing (Level 4). The student teacher drew the organs such as mouth, oesophagus,
stomach, liver, gall bladder, large intestine and small intestine but did not draw the pharynx and the anus (Figure 3).
Figure 4 shows example of drawings for the fifth category (comprehensive representation drawings with and without
misconceptions).

Figure 3. Examples of Level 4 (partial drawing)
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Figure 4. Examples of Level 5 (comprehensive representation drawing)

Figure 5 belongs to a student teacher who has the misconception in thinking the digestive system only consists of the
stomach and the intestines, and does not establish connection between the organs. The student teacher drew the stomach
and the intestine as two organs with no connections (Figure 5). In Figure 6, on the other hand, the student teacher
showed that the nutrients which are taken orally arrived in the stomach in the shape of a bag. The student teacher had
the misconception that the digestive system was a single open-ended structure which started in the mouth and ended in
the stomach in the shape of a bag (Figure 6).

Figure 5. A drawing of misconception of digestive system (organs which do not have any associations with each other)

Figure 6. A drawing of misconception of digestive system (a single open-ended structure which starts in the mouth and
ends in the stomach in the shape of a bag).
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4. Discussion and implications

The purpose of this study was to determine the opinions of science student teachers about the digestive system by using
the drawing technique. All results of this study show that science student teachers have a lack of knowledge or
misconceptions in relation to the digestive system. One of the misconceptions that the student teachers have was that
they drew the digestive system as a single open-ended structure which starts in the mouth and ends in the stomach in the
shape of a bag. Some student teachers drew the digestive system as the organs with no associations with each other.
These errors were similar to the results of the research made by Gungor & Ozgur (2009) with fifth-grade students at
elementary school.

As we have already mentioned previously, the drawing method not only has some advantages but also disadvantages
(Dove et al., 1999). In this research, in spite of the fact that student science teachers were informed about the drawing
method and a practical session was applied, it could seem that the limitations of the method might have caused
difficulties since the drawing of the digestive system may require more skills than drawing an ordinary concept.

The reason that the student teachers have all these misconceptions and lack of knowledge could be the teaching
methods and techniques used, for misconceptions are quite resistant to change (Bahar, 2003; Pfundt & Duit, 2004).

Wandersee, Mintzes and Novak (1994) state that misconceptions cannot be removed by traditional teaching strategies.
In the majority of the schools and universities in Turkey, teachers and lecturers use mainly teacher-centred strategies
that promote memorization and reproduction of the knowledge on the day of examination, where the multiple-choice
format is mainly used (Bahar et al., 2008; Bahar, 2003).

In order to avoid future misconceptions and change the existing misconceptions in terms of the digestive system,
teaching strategies in should be used in which students are more active. Teaching strategies including students doing
and experiencing will be effective in preventing and changing the misconceptions. In order to change the
misconceptions of the students, it is primarily necessary to determine those misconceptions. Furthermore, teaching
technologies and virtual reality techniques are effective in teaching the digestive system topics and providing
conceptual change. Furthermore, lack of knowledge and misconceptions about the digestive system can be removed by
using the conceptual change texts together with conceptual teaching strategies, namely concept maps, concept networks,
meaning analysis tables and concept cardboards. When we consider the science student teachers as the teachers of the
future, it can be seen how important it is to ensure there are no future misconceptions and that any existing
misconceptions are removed.
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