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Children’s knowledge about human anatomy can be examined through several differ-

ent ways. Making a drawing of the internal features of the human body has been fre-

quently used in recent studies. However, there might be a serious difference in results 

obtained from a general instruction to students (What you think is inside your body) 

and specific (e.g. Draw bones that are inside your body) instruction. We examined 

relationships between these two types of instructions using drawings of the urinary and 

endocrine systems as the examples with pupils aged 10-14 years. An ANCOVA 

showed significant relationships between general and special instruction, but further 

comparison showed significant correlation only for urinary system. The level of stu-

dents’ drawings significantly increases with previous knowledge about human anatomy 

and age. These findings suggest that relationships between two types of instructions 

strongly depend on the complexity of the organ system that children draw as well as 

their previous knowledge. We propose that drawings from general instructions are 

therefore appropriate especially for comparative studies. Special instructions are better 

for eliciting a deeper understanding of children knowledge about human anatomy.       
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Introduction   

Students’ concepts of scientific phenomena, especially about human anatomy received great 

attention in earlier (Gellert 1962, Johnson and Wellman 1982, Mintzes 1984, Caravita and 

Tonucci 1987) and recent studies (Tunnicliffe and Reiss 1999, Teixeira 2000, Reiss and 

Tunnicliffe 2001, Reiss, Tunnicliffe et al. 2002). In agreement with several conventional 

ways for gathering information about students’ knowledge (White and Gunstone 1994), these 

studies also differ in using different methods to examine children’s mental models. Mental 

models may be viewed as representation of an object or an event. The process of construct-
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ing models is mental activity (Duit and Glynn 1996). The mental model can be therefore 

considered children’s personal knowledge of the phenomenon – in this case of the present 

paper, of human body, particularly of urinary and endocrine system.   

In several investigations, Tunnicliffe and Reiss (1999a,b), Reiss and Tunnicliffe (1999, 

2001), Reiss, Tunnicliffe et al. (2002) used the method of children drawing where they asked 

children “Draw what you think is inside your body”. Their approach has been criticised by 

Khwaja and Saxton (2001) who found out that the type of the task can significantly affect 

results obtained in these studies. They showed that if the question is more special (“Draw the 

bones that are inside your body”), children’s expression of mental model of a particular or-

gan system is on a higher level and thus more appropriate in comparison with Reiss and 

Tunnicliffe’s (1999) “general instruction”. More specifically, when Khwaja and Saxton 

scored skeletal system from drawings obtained after “general instruction”, they found that 

mean level of skeletal system was lower than when they instructed the same participants 

more specially. For example, one child scored level 1 when instructed generally, but her 

score rose to level 5 when she was instructed specifically.    

Despite such simple comparison of Khwaja and Saxton (2001) who partly highlighted 

apparent flaw in the methods used by Reiss and Tunnicliffe (1999) because they claimed that 

the type of instruction has main effect on the results obtained from children’ drawings, it is 

not clear if there are any relationships between drawings obtained by each of the two types 

of instructions. Do children with higher knowledge about the anatomy result in better draw-

ings even after they are instructed “generally” following Reiss and Tunnicliffe (1999) or are 

these drawings of a lower scientific or educational value? Moreover, Khwaja and Saxton’s 

(2001) research was used to examine only the skeletal system. Reiss and Tunnicliffe (1999) 

examining children’s understanding of human skeleton showed that majority of children 

aged 5-11 reached level 5 on the seven point scale which means that their knowledge is still 

incomplete, but relative good. Reiss and Tunnicliffe (2001) in their following study using 

“general instruction” showed that there are considerable differences between knowledge 

about each organ systems. They also found that the skeletal system is one of the most fre-

quently drawn systems in comparison with others. Therefore, it is not known whether child-

ren draw more comprehensive organ systems after “special instruction” in general, or their 

abilities are restricted to organ systems they better understand. In other words, no evidence 

exists whether more frequently drawn organ systems are also better understood by children.   

In the present study, we used the instructions according to both Reiss and Tunnicliffe 

(1999) and Khwaja and Saxton (2001). We examined whether these two types of instructions 

have comparable value. We addressed the following research question: Is there any relation-

ship between levels of drawings of a particular organ system when the children are instructed 

by two different instructional types? If yes, we predicted that the level of a particular organ 

system should increase with increasing knowledge about human anatomy regardless of the 

type of instruction. On the contrary, when the level of a particular system obtained from 

special instruction does not correspond with the level from “general drawings”, one would 

expect that after increasing knowledge about human anatomy the level of particular system 

will increase only after special instruction, but its level after general instruction remains 

unaffected.  

 

 

Methods 

We investigated the effect of instruction type through two different ways. First, two hundred 

and eighty nine secondary school children (aged 10-15) with similar proportion of boys and 

girls from two different Slovak elementary schools participated in the study. Children in 

Slovakia begin elementary school at 6 years (year 1 children) and left the school when they 
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are about 14 – 15 (year 9 children). Reiss and Tunnicliffe (2001) used children and students 

of wider age groups (from 4 to 20 years old), Reiss and Tunnicliffe (1999) worked with 

children from 5 to 11 years whereas Khwaja and Saxton (2001) worked with only 10 year old 

children to investigate children’s concept about human anatomy. Our sample can be there-

fore considered appropriate for a comparative study. The effect of type of instruction type 

was examined on a single occasion when each child received two sheets of paper and subse-

quently was asked first “Draw what you think is inside your body” (general instruction he-

reafter “GI”) according to Reiss and Tunnicliffe (1999) method. After 10 minutes, when the 

children finished their first drawing, we used the special instruction (“Draw the urinary sys-

tem that is inside your body”, hereafter “SI”) according Khwaja and Saxton (2001) to ex-

amine if there are differences between the type of instruction. When this second drawing on 

a separate sheet was finished, we asked children to draw endocrine system following SI (i.e. 

“Draw the endocrine system that is inside your body”) on an opaque side of the paper. This 

second system was used to examine whether there are similar trends between children’ 

knowledge even after special instruction. The study of Reiss and Tunnicliffe (2001) showed 

that endocrine organs and/or organ system are one of the least frequent while urinogenital 

system is more frequent in children’ drawings, but, however, their knowledge still remains 

incomplete (Tunnicliffe 2004). We therefore considered these two systems and/or organs of 

these systems as qualitatively different in context of children knowledge.   

Children were asked to write their name on each of two papers in order to determine 

identity of each respondent for pair wise comparisons. We scored drawings “Draw what you 

think is inside your body” (GI) following Reiss, Tunnicliffe et al. (2002) to examine general 

knowledge about human anatomy (Table 1, Fig. 1 in Appendix A). Then the two of us sepa-

rately and independently scored specially urinary and endocrine systems. In the few cases 

where our scorings differed we discussed the drawing until we agreed on the level to be 

awarded. Our ranking of these two systems was informed by scoring system used by Reiss 

and Tunnicliffe (2001) and by our own knowledge of anatomy and Slovak biology curricula. 

We agreed on the order showed in Table 2 and 3. We examine level of these two systems 

both from drawings after general (GI, Fig. 1 in Appendix A) and special instruction (SI, 

Figs. 2 and 3 in Appendix A).  

Second, the effect of increasing knowledge about human anatomy on the level of organ 

systems and, as in the previous case, urinary and endocrine system was examined using pret-

est -posttest procedure with the university students. A sample consisted of a total of 52 year 

1 students (aged 19-20) who have been studying to become primary teachers. All of them 

were girls. They were learning subject Human anatomy teaching by one of investigators for 

two semesters from October 2004 to May 2005. 
 

Table 1. Seven point scale used for scoring organ systems (Reiss and Tunnicliffe 2001) 

 

Level 1  No representation of internal structure 

Level 2 One or more organs (e.g. bones and blood) placed at random 

Level 3 One internal organ (e.g. brain or heart) in appropriate position 

Level 4 Two or more internal organs (e.g. stomach and intestine) in appropriate positions but no 

relationships indicated between them 

Level 5  One system indicated (e.g. gut connecting head to anus or connections between heart and 

blood vessels) 

Level 6 Two or three major systems indicated out of skeletal, circulatory, digestive, gaseous 

exchange, reproductive, excretory and nervous 

Level 7 Comprehensive representation with four or more systems indicated out of skeletal, circu-

latory, digestive, gaseous exchange, reproductive, excretory and nervous 
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Table 2. Six point scale for scoring urinary system 

 

Level 1  No representation of urinary organs 

Level 2  One or more urinary organs placed at random 

Level 3  One urinary organ in appropriate position 

Level 4  Two or three urinary organs in appropriate position 

Level 5  

Each of four urinary organs (i.e.  kidneys, urethras, bladder, urinary canal) in appropriate 

positions but no extensive relationships indicated between them  

Level 6  

Each of four urinary organs (i.e.  kidneys, urethras, urinary bladder, urinary canal) in 

appropriate positions with extensive relationships indicated between them 

 

 

 

Table 3. Six point scale for scoring endocrine system 

 

Level 1  No representation of endocrine organs 

Level 2  One or more endocrine organs placed at random 

Level 3  One endocrine organ in appropriate position 

Level 4  Two or three endocrine organs in appropriate position 

Level 5  Four or five endocrine organs in appropriate positions  

Level 6  

All endocrine organs (i.e. hypophysis, pineal body, thyroid gland, thymus, pancreas, 

adrenals, genitals gland) in appropriate positions with extensive relationships indicated 

between them 

 

 

The curriculum for the subject includes topics from cell biology to human organ sys-

tems. Each student was asked to draw human body and both endocrine and urinary system 

similarly as in the case of elementary school children (i.e. both GI, Figs. 4, 7 and SI, Figs. 5, 

6, 8, 9 in Appendix A) two times: before first lecture of Human anatomy in October (Figs. 4-

6 in Appendix A) and prior to examination in May (Figs. 7-9 in Appendix A). Drawings 

were anonymous, but students were instructed to make an individual symbol on each sheet of 

paper for future pair wise comparisons. However, several students were not present when 

pretest or posttest took place, or some of them forgot to make the symbol. We therefore ex-

cluded 23 students of which drawings were incomplete. A total of 29 students were then 

included to the final analyses. Scoring system was the same as in the previous case.    

 

 

Results 

General knowledge about human anatomy 

We identified a total of 42 different organs in all of 289 drawings obtained from five differ-

ent year groups of children (aged 10 – 15). Table 4 shows eight of the most preferred organs 

which were drawn in at least 30 percent of all drawings. Gender differences occurred in the 

only two cases whereby the heart and brain was most frequently in girls’ drawings. 
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Table 4. The most frequent organs in children’s drawings aged 10 – 15 after general instruction.  

 

  heart lungs brain intestine liver stomach kidney bladder 

Total (%) 87.5 85.8 84.8 73.4 69.6 64.4 48.4 36 

Boys (%) 82.2 85.6 78.1 68.49 64.4 63 46.6 36.3 

Girls (%) 93 86 91.6 78.3 74.8 65.7 50.3 35.7 

Chi-

Square  

(χ
2
) 7.75 0.009 10,2 3.6 3.72 0.23 0.41 0.01 

P 0.005 NS 0.001 NS NS NS NS NS 

 

 

However, we found gender differences in sex-specific organs, i.e. in a reproductive sys-

tem. No one boy, but 26 girls (18%) drew uterus (χ
2
=29.2, P<0.001) and only two boys, but 

16 girls showed ovaries in their drawings (χ
2
=11.9, P<0.001). In contrast, testes were prefe-

rentially drawn by boys (16 boys vs 1 girl, χ
2
=13.7, P <0.001). Interestingly, penis was 

present in drawings of boys (n=14) and girls (n=7) almost equally (P=0.12).  

As suggested, organs from urinary system were present among the most frequent organs 

(Table 4), but endocrine organs received only little attention. From the most conservative 

point of view, only 20 drawings (7%) showed parts of endocrine system (adrenals, thyroid 

gland, hypophyses) which is comparable with results of Reiss and Tunnicliffe (2001) who 

reported that about 4% of drawings showed endocrine organs. After including pancreas, that 

is properly deemed to belong to the digestive system (Reiss and Tunnicliffe 2001), and ova-

ries with testes (scored by us and Reiss and Tunnicliffe as reproductive organs), sample size 

with endocrine organs increased to 71 drawings (24.6%).     

The two-way ANOVA showed that the mean scores from drawings did significantly dif-

fer between year groups (F4,279=3.91, P=0.004), but the effect of gender nor interaction be-

tween year and gender was no significant. As could be expected, higher scores were obtained 

from drawings of older children and least scores from younger children (Fig. 10).   
 

5 6 7 8 9

Year

3,6

3,7

3,8

3,9

4,0

4,1

4,2

4,3

4,4

M
ea

n
 s

co
re

 ±
 S

E

 
Figure 10. Mean scores from drawings in each year level 

 

Differences between general and special instruction 

Drawing scores obtained after General and Special Instructions for urinary and endocrine 

system are shown in Fig. 11 and 12. Highest scores for each two systems were obtained 
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mostly by year 7 and 9 children. This corresponds with Slovak biology curriculum, because 

subject Human anatomy is teaching in year 7 children, and also in part in year 9 children. 
 

 

 

 

Figure 11. Relationship between mean scores of urinary system obtained from drawings after general 

(squares) and special instruction (circles). 
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Figure 12. Relationship between mean scores of endocrine system obtained from drawings after gen-

eral (squares) and special instruction (circles).  

 

In general, scores for urinary system were higher than those of endocrine. Mean scores 

were significantly higher in drawings after SI in each of two cases (Wilcoxon signed ranks 

test, Z=-3.67 and -7.39, P<0.001, respectively, Fig. 13).  
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Figure 13. Differences in drawings of urinary and endocrine system between general (open bars) and 

special (solid bars) instruction.  

 

We also examined whether drawings of a particular system (i.e. from SI) can be ex-

plained by drawings obtained from GI. We therefore used an analysis of covariance (AN-

COVA) with scores from SI as a dependent variable, year of children as factor and score 

from GI as covariate. We found that both the urinary and the endocrine system scores were 

influenced, not only by the year of children (P<0.001 for both variables), but the level of SI 

drawings can be significantly predicted from their level in GI drawings (P<0.01 for both 

variables). Further comparisons using Pearson correlation coefficient showed, however, there 

are considerable differences between predictability of drawings between these two organ 

systems. Significant correlation was found between scores from GI and SI only for urinary 

system (r=0.22, p<0.001, n=289), but not for endocrine (r=-0.007, p=0.91, n=289).  

  

 

The effect of increased knowledge about anatomy on students’ drawings 

A comparison of university students’ drawings obtained from pretest – posttest procedure 

(n=29) showed that general knowledge about human anatomy significantly increased in the 

posttest drawings (Fig. 14). Moreover, the score level for both urinary and endocrine system 

was higher in posttest drawings regardless of the type of instruction. This means that stu-

dents with better knowledge draw better drawings from which their knowledge about par-

ticular organ system (at least urinary and endocrine) can be relative well predicted. Also, 

similarly as in the previous case, the endocrine system acquired a lower mean score than did 

the urinary system.      
 

Discussion 

Our study illustrates how information can be obtained from purposeful drawings and has 

advantages for example due to time saving or simplicity of scoring over oral questioning or 

writing tasks. We used both general (Draw what you think is inside your body) and special 

tasks (Draw endocrine and urinary systems that are inside your body). 
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Figure 14. Mean score from pretest (solid bars) and pottest drawings (open bars). * p<0.05, ** p<0.01 

(Wilcoxon signed ranks test). 

 

On the other hand, some children lack manual dexterity skills or the mental agility to 

produce a correct record of their mental model. The drawing is the expressed model which 

may or may not coincide with the consensual model held by scientists (Backett – Milburn 

and McKie 1999). 

Two important findings related to the type of instruction emerged from the present 

study. First, a significant relationship between “general” and “special” instruction exist, and, 

second, the drawing of the human body is affected by children’s current knowledge about 

human anatomy.  

The first finding should be, however, interpreted cautiously, because there are different 

patterns for both urinary and endocrine system. The endocrine system is probably viewed as 

more difficult and abstract in comparison with the urinary system. Thus we did not find cor-

relation between drawings from a “general” and “special instruction” method for this system 

and why the scores for the endocrine system were generally lower in comparison with the 

urinary system. These patterns partly support idea that children draw mainly these organs 

that are also better to understand.  

One would argue that increasing level of both examined systems in “general drawings” 

of the university students might be influenced by students’ previous experiences, because 

they completed drawings two times: prior and after finishing course of Human anatomy. 

However, 1. the time between the first and the second drawing was a long enough (8 months) 

and majority of students did not remember what they drew in their first drawings, and 2. both 
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the urinary and endocrine systems were better drawn after special instruction regardless 

whether drawings were completed in October or May. So, if the students had been cued from 

their previous drawing, their level of drawings after special instruction should not differ in 

comparison with general instruction in the posttest (i.e. in May) drawings. Based on our data, 

however, we can clearly reject this possibility. In the case of elementary school children, 

they first completed GI drawings and SI drawings were completed immediately after (fol-

lowing Khwaja and Saxton 2001) under the same conditions. Therefore, effect of previous 

cues on the subsequent or previous drawing could be ruled out.         

In agreement with the findings of Khwaja and Saxton (2001), we found that the children 

made better drawings of a particular organ system after “special instruction”. We therefore 

agree that if the researcher/teacher wants to accurately assess the full extent of children 

knowledge, this type of instruction is more appropriate than general tasks that do not concen-

trate children attention to the particular phenomenon. A similar approach related to the uri-

nary and digestive system was used by Tunnicliffe (2004) who instructed children using 

short stories scenarios that finished as for example “draw the pathway through your body of 

the water you drink.”   

On the contrary, at least a simple urinary system is similarly drawn after each of two 

types of instructions which mean that there is a significant predictability of eliciting child-

ren’s own knowledge from drawings made under “general” instruction. From this point of 

view using data from drawings of the urinary system for comparison between several year 

groups, gender, or other variables, should provide reliable results. We therefore conclude 

that drawings originated after general instructions (Reiss and Tunnicliffe 1999 and others) 

may have a representative value especially in comparative studies. However, what patterns 

are related on other organ systems expressed in children’s drawings remains unclear and we 

address this question for further research.     

 

 

Educational implications  

Teachers need to be aware of the knowledge about a topic; in this case the urinary and the 

endocrine systems before they initiate a teaching programme about the topic so that they are 

aware of the understanding processed by their pupils and can help them scaffold the con-

cepts. The urinary system is for most children some thing which in part they experience first 

hand and often through their own excretory processes whereas the endocrine system can be 

concealed until puberty.  

With an increase in health education programmes it is essential that teachers learn more 

about the knowledge of the body and how its workings if we are effectively to assist these 

pupils take responsibility for their own health and lead a healthy life style.  
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Appendix: Examples of participants’ drawings.  
 

 
Figure 1. A drawing of himself by a yr 5 boy (aged 10) after general instruction. General knowledge 

scored as level 5, urinary system scored as level 4, endocrine system scored as level 3. 
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Figure 2. A drawing of the urinary system by a yr 5 boy (aged 10) (the same as in Fig. 1) after special  

instruction scored as level 4. 
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Figure 3. A drawing of the endocrine system by a yr 5 boy (aged 10) (the same as in Fig. 1 and 2) 

after special instruction scored as level 1. 
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Figure 4. A drawing of herself by girl (aged about 19) studying at the university after general 

instruction in pretest. General knowledge scored as level 4, the urinary system scored as level 1, 

the endocrine system scored as level 1. 
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Figure 5. A drawing of the urinary system by girl studying at the university (aged about 19)  (the 

same as in Fig. 4) after special instruction in pretest scored as level 4. 
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Figure 6. A drawing of the endocrine system by girl studying at the university (aged about 

19) (the same as in Fig. 4 and 5) after special instruction in pretest scored as level 1. 
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Figure 12. A drawing of herself by girl (aged about 19) (the same as in Figs. 4 - 6) studying at the uni-

versity after general instruction in posttest. General knowledge scored as level 5, the urinary system 

scored as level 6 the endocrine system scored as level 3. 
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Figure 8. A drawing of the urinary system by girl studying at the university (aged about 19) (the same as in 

Figs. 4 - 7) after special instruction in postest scored as level 6. 
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 Figure 9. A drawing of the endocrine system by girl studying at the university (aged about 19) (the same 

as in Figs. 4 – 8) after special instruction in posttest scored as level 4. 

 

 


