Do children have a holistic
view of their internal body

maps?

Anthony J. Cuthbert

A sludy of children aged 7 to 11 indicales titlle progression in their
understanding of bodily systems

T requirements mthe rexvised Nl Curere e
foor Ungdomeed s Screner ER/QCA L TOO for teaching
the mernal oreans of the body hanve been dristicatihy
rediccdm kov stage 2 tages 7oL However childiren
~teil need to be mught about the funcioming of the
cardienasentar svsteny sheleton and moscles. Wi
R of wheas wall the children bring oo lessons and
Bow il these ddeas attfeor ther lemrming of 1he
accepted screntibye undersianding o the himan body
!

Soverad Amencan studies have shown that childeen
as voung as P lave o By good ideaofheir imernal
Brody map e Gellert, FOO20 Porer, FU740 Mintzes, 981
Avnatihin wnd Mimzes, F985TUS6 Children in these
stecdies mctuded mmy different orgis and mternal
stricinres when asked o draw an sternad body ap
The orvams and stroctres commonly nchuded were
Brann hesrt stomach, muscles, hones. lungs, Ridiey .
and veinss The drinwings of these organs often hud
connnon charactensiios such as the position, sisc.

<hope and function For oxample. the majorine o

ABSTRACT

Anmilial school-based study of 30 year 4 (8-0
year-old) children’s views of their infernal body
maps indicated that the majority of children dud
not connect tubes and organs in their drawings,
Aldarger siudy of 348 year 3 to year § {711
vear-oldy children confirmed that the majority of
chidren drew relatively small, unconnecied and
frecly suspended organs, The minority of children
who did connect tubes and organs used a vaneiy
of respiratory, cardiovascular and o
system models with characlerishs feati
throughout the age range,

H2EN

children deew o plaving-card heant shape for the heart
and placed 1t on the ef-land side of the body, Thie
Sadentine heart” s acommon symbol i oo coflure
areh s seen o alentine cards, sweets and cartoons. It
s ot surprsang that children drivw this shape rathe
than the more complicated shape of aread hear

and Mzes (19861 found that mam
chubdren dees the sachen o the heart wnd s svstem of

Arnaudm

budbes to the air around the body, This 1 something
tia Dadid non G inomy prelnminasy study ol 30 ve
Jeintdrenaged S-0yhurwhen the stady seas widened
o 34N childeen T lowsd a namiber of dilerem nonfve
vardeov et respirstory and digestive svsrem
e s,

Ehorne, Wadsworth and Black 119920 2935
Fonnd that fess chaldren had o clear ides of e food
paisses throngeh the body md waste is elimimed. winde
Tunarcbirte and Rerss cF90 1 foand o ~imilar fack o
understinching of the itegration of the skeletal soaen
Both these stindies assessedd the cluldrea’™s knowledgee
Baaalysds ol deevines, Tanmeh!fe and Reiss muake
the poiny tha dros ines e not necessunly o superton
winn ol assessng chibdren’s understanding batthes e

an cHecnve way of ebidmming data witly mcayre

posoniroes st aeeasonable tine,

P chntdren wee then bady maps as itegraned
sestemiand Bose conthen modebs mform o ieaching”?
Fheseare e quostons Taetout o imvestizate throush
D school-dbned stadies cornied out s jumior <chiood
withinn o Laefy prosperous e of a0 West Midbds
rdustriab o By T9U0 USRS ol the children ebiined
‘ : s therr seienee SA

whiile 344
1

A

ohtnoed foved



Children’s internal body maps

Preliminary study

A preliminary analyvsis of 30 year 4 (3-9 year-old)
children’™s drawings. in April 1997, seemed to produce
similar resnlis 10 those of Oshorne er af, (19923 The
children were given an oustine ol the human body and
asked 10 draw and Inhe! what they 1thought was inside
their bodies. There was noantervention by the teacher
and the drawing of the body map did notseem (o pose
a problem for any of the children, The organs masl
commonly seen in tiese drinvings were heart (97% ).
brain (9345 1 arm hones (93755, leg hones (87%0). Tungs
(RO% . atestines 16053 ribs (37% )0 spine (7%,
Dladder (3073 and stomach (37770 The majority of
the chitdren did not comnect wwhes 1o organs of their
body maps. even though 307 ol them incladed tachea
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and oesophagus. Few ol the children showed any
indication that they knew where tubes went in their
bodies. Only 134 of the children connected 1he
windpipe o the Tungs and 13% (ol necessansly 1he
same childreny connected he Teod pipe oahe stomach.
None of these chitdren connected trachea 1o the heart.
“Valentine hearts” were drown by 37% of the
children. and alihoush 27% of the children mcluded
veins none of them connected them 1o the heart.
Many ol the children had probieims with the size.
shape and posttvm ol organs. Mostorgans were drawn
sinali and freely suspended within the body cavity,
When asked what was in the space around the organs
the children responded with Blood. air or nothing.
When their attention was drawn oo plastic model and
1o the Tacthat s oreans [illed all the body cavity this

Table 1 Percentage of children including various organs in their drawings (main study).

Organ

Brain

Heart

Arm bones
Leg bones
Ribs

Veins
Oesophagus
Lungs
Muscies
Stomach
Skull
Trachea
Kidneys
Intestines
Spine

Liver

Pulse
Bladder
Womb
Nerves
Qvaries

Gall bladder
Pancreas
Appendix
Tonsils
Voice box/Adam's apple
Free floating and unconnected

Year 6

Year 3 Year 4 Year b
(n=82) /% (n=980)"% (n=E87)/% (n=_89)/%
100 92 59 30
a1 92 100 96
37 38 5 17
33 40 7 24
28 41 26 47
22 42 3¢ 20
21 16 29 9
20 38 91 75
18 17 53 18
16 42 49 62
16 11 10 9
13 20 35 36
5 20 56 67
5 19 40 65
5 14 1 19
4 13 46 60
1 2 3 3
0 8 23 52
0 0 0 6
0 4 0 6
0 0 0 5
0 0 0 1
0 ¢ 0 1
0 2 0 0
0 0 5] 0
0 2 13 9
71 &8 66 71
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dhid not scenvio worry theny, They did notaiter e sive
of theiv oroans, but rather drew in missing orzans. siill
Teaving spuces. Seme of the children drew horzontal
bones i the legs and arms and one of the children
drew o horzomal wraches.

Although the children found w dithicult o place
the oreans correctly in their body map, thorcic argans
such as lungs and hean were usually placed above
abdomymal organs such as mtestines. Kidnevs und
biadder, The chinldren Found the positioning of the Jiver
amd stemach o hitle more problematic.

The sumpte size of the preliminasy study was smiall
(no= 30y so Jarger sample (0 = 345) was vsed i the

second .\illtl'\‘.

Methodology of the main study

Fow e mann stiedy all the year 36 children tages 7-
P Erwho werean schoot on the day of the stndy were
sipled or = 3085 The main concern of this sty
wirs to fook al the holistic integration ol vessels, abes
andorgans, The children were agam exch ashed o drasw
whatt they thoueht was inside thew hody and 1o Labed
their drawings, They were wiven an outline of the
human body pencils and rubbers. There wis oo othes
mitervention by the weachers.

Analysis of the drawings

The magonty of the children (699 ) dsew organs that
were relatively smalll unconnected and freely
suspended i the body cavity (Table Th Several year 3
children drew arms or fegs filled with the colour red
and fabelied hlood. Together with evidence from the
preliminary study this may indicate that some children
helicve organs are free floating in a medivm of blood.
There was some evidence that Binguage is import-
ant tor the children’s understanding of heir Body maps.
Somie of the vear 3 and 4 children drew arib cape as a
cage of honzontal and vertical bones (Fizure 1),
Severad children drew the Adam™s apple in the shape
of an apple and the voice box as & square (Figures |
and 23 Twe orthree chaldren i adl year groups seemed
to think that the pulse was an orzin and drew it as a
crrcudar organ in the wrist or the neck (Figure 2).
Respiratory system models
Relatively few ehifdren included the sraches in their
hody and even fewer connected i 1o the lungs (Y3
GO Y0 Y T Y6 279 - Table 21 The children
whao included o connected trachea used several

Children's internal body maps

Figure 1 This year 4 child has drawn a square voice
box and a 1ib ‘cage’.

vany

Figure 2 An organ calied the pulse is placed in the
neck by lhis year 5 child.

different respiratory models and these madels had
stmtlarities inoeach vear group. The most naive
respiratory system models were seen primariiy.
altheargh not exciusively. i year 3 and included
drawings of either one or twoe tubes Tahelled Junps.
These tubes pass rom the head. rather than the mouth.
mio the body cavily, some terminaling in the thorax
and others in the abdomen. A simiar mode] involved
two tuhes deaving the bead tenmmating in bag-like

vrgins Tabeled lungs,
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Table 2 Percentage of childran connecting inlernal organs (main study).

Year 3 Year 4 Year 5 Year 6
{n=82)% =090% {n=_E877% n=_89)"%

Respiratory system
Trachaa connecled to lungs
Two lubes from head to lungs
Trachea connecled to hearl
Uncennected dumb-bell lungs

Digestive system

Oesophagus connecled lo stomach
Cescphagus connected to slomach via lungs
Stomach connected 1o inlestines

inteslines connected (o anus

Complete How through

Urinary system
Kidneys connected to bladder

Nervous system
Nerves connected to brain

o ;e ;

o Rk O C O

G 14 27
1 8 1
9 £} 1
& 14 3
12 17 8
2 8 1
10 4

3 14 7
0 2 3
0 1 3
4 0 2

Figure 3 A typicat year 3 ‘valenline hear’ placed on
the left-hand horizontal twube from the unconnected
trachea.

B seme of the children’s models the trachen is not
conaccled o the head but has two arms that pass 10
ihe lungs. giving adumb-hell shape (Figure 3). Other
pictures (Y3 35 Y4 6% Y5 145, Y6 3% ) invluded
wneomnected dimb-bell shaped fungs usually placed
in the thorax (Figore 43

28  Sechoot Science Review, December 2000, 82(299)

Figure 4 Avyear 5 picture showing durmb-bel lungs.

Cardiovascular system models

Lsy some of the children™s drawings the heart is placed
on the lefi-hand side of the dumb-beil as in Figure 3
or nested in the left-hand lung. Other models had either
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aie or tweo tubes diw o Trons the bead o the heann (33
SN YIS YE YO Peoriigure SeoA third moded
mvelves twe racheae wernmnmatmg o lungs bat havine
atube feaving one of the rachens passing 1o the heat
Fhis evidence seems o supportthe Binding of Arnsudm
and Mintzes CEIS0) that some claldren think the traches
s conpectad to the heart,

Most chitldren incleded o heart i their pichines o 3
SEOYF 2% Y S T00% Y000 and most put it on
the fef-lamd side and inthe thoras CHable 3. The
prgority of the left-hand hearts were valentine hearts
particatarty inthe earlier year groups. Viraalh wlbthe
hears that were drvven on the right-ied side of the
Pody were valentne hearts” The chnldven who drew
the heart i the maddle of the thorax were jost s bhely
perdra o vabentine heart” inovears 3and s hereas i
sears 3and fmore chirkdren drew ovad hearts Onveradl,
ST o b the chaldren drew wovalemie et

Only o tow chibdren conpected vems o the hean
CY SN S OY A IR Y0 S d ondy 30 o) all
the chaldren showed any evidence of wrtenes being

connected o ems i a cireuliiorny sustem

Digestive system models

Bsonwe of the children™s models i was very diifienh
toseparate the respirmtory digestiv e and cordiovisenlin
svstenn, The chifdren seem o mtegete hem o Figure § An example of the traches-1o-he-hear
single sestent depending or the bmernal bods wap mode! from year 4,

piedel thiey have developed.

Table 3 Percentage of children maluding varnous types of heant and cardiovascular connections i their
drawings (main study)

Year 3 Year 4 Year 5 Year &
m=R21% =807 (=870 o= 891

Hear present 81 92 100 96
Valenting hear!’ 71 62 41 18
Heart on teft-hand side 42 51 68 44
Valenting heart” on fell-hand side 34 28 29 10
Other-shaped heart on left-hand side 7 20 39 39
Heart on right-hand side 15 15 3 12
Vatentine heart” on right-hand side 15 14 3 5
Other-shaped heart on righl-hand sude G 1 0 8
Heart in middie 24 28 29 34
Vaterdineg heart in middle 22 20 a 3
Other-shaped heart in middle 2 & 20 30
Vems connectled to heart 4 5 15 ]
Veins connecied e arteries 1 5 13 3
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Figure 6 A year 4 child’s drawing showing a tube from the head 'o the heart and a tube from the heart
ta the stomach.

The simpiest model of the digestive system
included an oesophagus. wsually labelled food pipe.
terminating in a circular shaped or lollipop stomach.,
with no outflow tube (Figure §).

Another integrated hypothesis involved one tube
passing o the heart and/or Jungs and then to 4 lollipap
stemach (Figure 6). Typically, there is no exit tube from
the stomach. In some of the most complex models,
children combine the dumb-bell lung, Jollipop stomach
and the trachea-to-the-heart hypothesis,

Very few of the children have an outlow tube from
the stomach 1o the intestines. the largesi number {105}
being in year 5 (Table 3). Slightly more children
connect the intestines o the anus, Only vear 5 (29%)

children and year 6 13% ) children showed complete
Now through the digestive system (Figure 7).

Other systems in the body

Many children include the kidneys and the bladder but.

as might be expected at this age. these are rarely ) ) ]

connected. Only one child in vear 3 and three in year Figure 7 Ayear 6 drawing showing complete flow
N : through the digestive system.

6 connected the bladder and kidneys correctly.

30 Scheot Science Review, December 2000, 82(299)
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Alarge numbey of chiddren incloded vanous bones
e e hodies and placed them more or Tess i then
corredt positions, Many chiidren used a shvised dog
Fone” shape (Fteure 1r The children who drew bones
did netinchide rzaments and there was nomdhicaton
ol low hones are joimed. Free-Tloating organs labelled

E:

mscles were inchuded by some oY 3 1870 Y
YOS AR ON A IR bu they were not seen attached to
hones inany of the children’™s draw nes and there were
no tendons present tFisure 7

The myagority of the children dres brams i thew
Pody maps B very fow inchided nerves 1Y 3000 0%
CONAON YO O 0 Ondy A0 by vewr A wd o
vedr doopnected nerves o the ram i s Severd
children drew eves and cirs conmected o e brin

The ondyv chitdren o mclude any orgons of the
veprodictive sestenm were pvear foand were atb ol
Abthorel vterus (0% md oviries U3 aens incladed

pone of the airks meluded o fabopias mhe

Discussion

e most noticeable wnd commuon characioristies ol
the children’s drawings were sobited free Hoatimyg and
vnconnected oreans, This moded i <ol presatent
vear & and will Be raken with them ae secondiny
ciucaion, There was ile evidence that theswe childeen
b how Taod passed through the body or how the
Fesprrators svstem worked

While veins and heart were common stems 16 1he
chuhdren's drawings very few ol the chibdren connected
them o socdicated that thiey knew Bow the heart Bekps
tor circulate the Blood, The problems tha this raises,
parbicunlarty those of cxphinime how the bBlood
circitdites around the body, are ot casihy resolved,
Children drovw uncennected vesns particubarhy where
they can he seen i the wristaren ol thon arms (higure
7y Most ol the children LabeBed their Blood vessels s
verns mid very few inciuded Blood vessels BibeHed
arterios. Howe oxvpect thet lookme an the vens in the
wiist woubd cnable the children o gcenerabise a
circuhittorny sestem mvohving clised vessels connected
toog pumping heart then we wre being optiniistic,
particuiirhy when some of the children think that the
pudse is a pumpimye organ and others think that hlood
Fille the cavities hetween oreans, There i~ futtle
evidence that many of the chitldeen onderstand o
cardiovisculinr svstent in terms of blood being contined
i vessels e estend Prom te hears toahe oveims il
then retwrn,

Children’s internal body maps

Ao Tunnich e aod Resss o199 foand, while miam
el the children meloded hones i then Jraw e there
was Dittle evidence that they know abour the
connections of Beaments, endons and muscles and
how these ittegrite with the hopes (o catse mon emen
There alseseems o e g lonentable lack of hnowied e
aboul the reproducting svsiem. even in vear .

Lvadence From the Fist study Teads mie 1o beliose
thint plastic models ol the mteynat organs e not mach
Belp i develepimg understanding of the body map
Wall charts and pictires woubhd seemito have even bess
pmpact. Taburds with attachiable cloth body parts are
poptidin but they oo renmboree the cluldien™ fhoating:
arcan model Bdueational wlevision prognmmes,
which mciude tontage of real organs inside people.
nuy helpwith the children™> anderstanding.

The concepts rvobved i andersmdime the
iernal body map are of necessany abstract beciise
the chaldren cionot ~ec msade then bodios ) 1 !'WL‘_\ e
o pihe the evidence that s avaskabbe andise v o niake
the bost guesses about how thinesare connecied. This
study pndicates that the niporiy of chithdren donot see
Fhe
mtegrated modeds that are developed by the munonn

the hody s micored connected svstem

of chifdren can he quite ~ophisticated but rarefy reflet
atenthook body wsap chess than 10 i s siidy

To some extent. the devclopment of the children™s
mnddels s hasad o the cvervday Tanguaee wsed
esphamtionst the wrms nh cages Adam’s apple and
vinee hovand the commnn pse o syrmobobs such as
the sadeatne beart and the sivhised “doy bone”,

The children™~ models donot display smooth
development frony simple 1o complex depending on
the age of the children, The Tearmng seoming 1o he
pon-bncar and chaotcs with somie vear 3 cnhdeen
producing relaivels sdvanced models whilst many in
vear O are sUH esing the floating-orman model, The
purpese of stdios ke this s o observe the children s
wderstiding wind not 1o provide date woe suppon
spurious ideas about the deselopmeniat progress of
children™ learme, This study does pot produece an
cvidence of o procressive uinderstanding of e hody
i or any nouceable ditference between the bovs
and girls” hody nraps.

These nunal modehs, developed whnte the chinldren
are very vaung, ~ecsn o be leiaciots and difficedt 1o
chamaee. Iwe can mervene at an carby stape. probably
i ovears 3and Joamore sarenntlically acceprable model
ol the nternad body map could bedeveloped and this
may prevent the developiment of misconcepiions that

oot i the way of Turthey sciennific feaming.
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