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IMPORTANT NOTE

The realm of matter and materials is far too extensive to deal with as one domain,
and yet it is difficult to identify clear demarcations. Any domain boundaries are
necessarily artificial but seven domains have been chosen so as to focus upon the
underlying structure of materials and the changes brought about by energy transfer.

This domain relates to other domains, as shown below, with ‘Materials’, ‘Solids,
Liquids and Gases’, ‘Chemical Change’ and ‘Particles’ dealing with general issues and
the other three domains dealing with specific important examples:

Rocks
Materials Water
l
Solids, Liquids and Gases Alr

Chemical Change

I

Particles

Pupils’ understanding of materials will, of course, be rooted in their many first-hand
experiences of what materials look and feel like and the way materials behave. Their
ideas progress from understandings based on objects, through ideas of material
substance of which objects are made, towards understandings in terms of chemical
substances. It is therefore very important to use words carefully so as to distinguish
between a material and its component chemical substances (see Introduction page 21:
Material Substances). In this domain the word ‘substance’ is used to refer to a
component (element or compound) of a ‘material’.

When they have been introduced to the notion of particles, pupils can begin the long-
term process of reconstructing their explantations of phenomena in terms of particles.
The particulate model of matter is not only an idea to be developed in its own right:
it is also a model to be used to explain the behaviour of materials in all contexts not
only throughout work on inanimate materials but also in the context of thinking about
living things and the processes of life. Thus the Science Maps and Learning Guides
in many domains show both ‘macro’ and ‘particulate’ versions of certain ideas.

The term ‘particle’ is reserved for atom, molecule, ion or electron: small pieces of
material are referred to as ‘fragments’, ‘grains’, ‘bits’ or ‘droplets’.

Copyright Leeds National Curriculum Science Support Project, 1992




WATER

The following sections have been designed for use in association with one another. The
Learning Guides are supported by the Research Summary, the Science Map and The
Teacher's View. It will also be helpful to refer to the Science Map and The Teacher’s
View when using the Research Summary.

CONTENTS

Science Map

This map shows those ideas which make up a sound basis for understanding Water to work towards in the
early secondary years. This is proposed as a coherent framework in itself which at the same time provides
an appropriate basis for development. Critical ideas around which understanding is structured are
identified in the map as shaded boxes and these goals make up the right hand column of the Learning
Guides.

Learning Guides

These guides are the nucleus of the materials. They are folded so that children’s prior ideas from the
Research Summary are set alongside goals from the Science Map and they describe the challenges pupils
face when it comes to restructuring their ideas. They also suggest interventions which could be used in
teaching schemes to help pupils reach the goals. Related extracts from the National Curriculum are
included. The Learning Guides in this domain are:

WATER VAPOUR DISSOLVING WATER PRESSURE
WATER CYCLE WATER AND FLOATING AND SINKING
LIVING THINGS

Research Summary: Children’s Ideas
This is a brief outline of research into children's ideas, setting out the main prior ideas and understandings

which teachers might expect to meet among pupils, These ideas make up the left hand column of the
Learning Guides. ‘ '

The Teacher’s View

This section outlines those aspects of a deeper understanding which the teacher needs to have in mind
whilst working with pupils.
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A Solid, Liquids and Gases Map

A Ecosystems Map

SCIENCE MAP

WATER

A Materials Map

A Living Things Map

Properties of Water

Water
Cycle

Dissolving

Water
and
Living
Things

Pressure

v degy ary

Floating
and
Sinking

Outline of the of Science Map overiea Rocks Map Nutrition Map
povered ¥

The map overleaf shows those ideas which make up a sound basis to work towards
in the early secondary years. This is proposed as a coherent framework in itself
which at the same time provides an appropriate basis for development. Critical
ideas around which understanding is structured are identified in the map as shaded

Responding to the
Environment Map

boxes and these goals make up the right hand column of the Learning Guides.

Aspects of a deeper understanding which the teacher needs to have in mind whilst
working with pupils are outlined in The Teacher’s View. ‘
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WATER

LEARNING GUIDES APPENDIX: RELATED EXTRACTS FROM THE NATIONAL CURRICULUM
PROGRAMME OF STUDY FOR KEY STAGE 3

References relating to the Learning Guides are underlined below:

Sc3 strand iv - the Earth and its atmosphere
Pupils should investigate practically. and by use of secondary sources, the properties of

water, the water cycle, conservation of water resources and the effect of water on the
Earth’s surface. They should study the factors influencing the weather, including how
different airstreams give different conditions. They should be acquainted with the
meteorological symbols. Pupils should investigate, by observation, experiment and
fieldwork, the properties and formation of igneous, metamorphic and sedimentary
rocks, and link these to major features and changes on the Earth’s surface. They should
be aware of the time-scales involved in the operation of geological processes, and be
able to evaluate earlier ideas about the age of the Earth. They should investigate some
natural material (rock or soil) and link the properties of minerals and rocks to their uses
as raw materials in construction. They should appreciate the effects of weather on
buildings and on rocks, and examine soil forming processes.

Sc3 strand ii - explanations of the properties of materials

Pupils should investigate changes of state, diffusion, dissolving, and the behaviour of
gases under different conditions of temperature and pressure. They should be
encouraged to explain these phenomena in terms of their developing ideas of the
particulate model of matter...........

Sc3 strand i - the properties, classification and structure of materials
Pupils should have the opportunity to compare and study a range of physical properties,
including density.............

5c2 strand iii - populations and human influences within ecosystems

Pupils should study a variety of habitats at first hand and_make use of secondary
sources, to investigate the range of seasonal and daily variation in physical factors, and
the features of organisms which enable them to survive these changes..............

Sed strand iii - forces and their effects

v Lhey should investigate how....forces enable floating and sinkine. This work
should relate to the design and evaluation of structures. for example, bridees and




POLINID0
sey JUIO0D 2U9YM SEDIR Ul PISUIPUOD SBY YIIYM I31eM DIe M3p pue spnop Jeyr semasdde o) pasu [ Layy,

('saseny pue spinbr ‘sprjog w1 spiny) Fururea Fursuspuoy pue Junesodeay 99g) ‘vonerodeas
JO 9SI3ATJ JY) P UONESUQPUOD PURISISPUR 0] paau 0s[e A3yl ‘sinooe Jupood uaym Ao ng eameredwa)
Aue e vaddey ued uonesuspuod ey 851080031 0) paou spdnd IA02IOW  UIe 2yl Ul anodea IF1RMm JO UONOU
PoYSIIQeISa [1aMm B 38y 01 p3ou spdnd 11v o) wouy modea 19jeM JO UONRSUIPUOD Jnoqe seopt dofaasp 01 1apio uj

5

BGOBLINS |10 ie0s
josu0D e B0 (] D1I5RY

ueid B INOYNIM [OIIU00 B 9ABY ©) PUE F0BRINS [I0S 31 [BSS 03 AJussaoou
§1 31 sw2s pue saaesf Sweyd oY) wory sowod J3jem oyl ey glensuowsp of sl so Jeq sy apisur sydosp
121mm 935 [Im A3 sweishs pajess ul siuepd moad Asy) j poAjOAUL S2ABD) JO BaE OU} JO 2ZIS o) ojeasdde
o) ‘o o3 pue ssesg ‘saan Buipnpu se seid, ssiwdodsr pue (sBulyy Suary w asepn  epmD) Buruseery
93s) sjuefd ul Iajem St 213y JeY) pueisSIOpUn O) Pesu [im Loyl -siueld Jo seaed] oyi wolj Bunwviodeas atem
Jo vapt 3y 01 ds J9y1ing B 9q Aew 31 SUBDDOO PUR SIFALL ‘Saye] Wwoyy saterodead Jojem jeyy 1dador uRIp[IY S0UQ

SNOAGO 10U ST 1w 9y1 up Jnodea
1ateM JO Bopt 51 21818 JO 2Buryd e sk uoneiodeas Jo eapi oy padojaasp sary spdnd woym ueag ( a1y, ul apmo
BUILIBST SINIXI ¥ S SV 22§) URIP[IYD O) JUIPIAD J[3S 10U ST 1 2yl up mnodea solem Jo Bopl oy, efuojeyd
Jofew e swosasd ‘ssye) pue sisal ‘sapppud woyy AQjesmieu, sinodoo uonesodeas uaym saysuen; AS1vus jo
BIpI 341 01 ‘uonuoaldur vewny AQ Bunieay 218I0GI9p JO BAPI 34} WOIf FUAOW IUSWU0IAUS oY) wi uonriodess
jo ssoudteme Aue sa119pun JunESY JO SOINOS SNCIAQO UE INOYHM Inooe ued uonuiodeAs jey) wapr oy

*S0RJINS PIOJ B UO UOIIBSUSPUOD
‘9[dwexa 10] ‘noder  s21em jo Bapr oY1 piing 01 djpy Iim yoeq solesm oy 198 ued Aoyl 1dgm suopnen)s
Jo sousuadxg “ne oY) ojut Buiod 1918 O SBOPE poss 0) J0sIa1d e se A1p Suiproq asn o djay Aew 3 (v se5ED
pue spinbiy ‘spijog, ut sepmoy Buiares Buisuapucy) pue Junerodeag/roney Jo soIBIS 995) "sed e ojur soBueyd
1 pue s1d30 9118 Jo afueyo v pue seaddesip, 1snl jou saop 101Bm oul 18 3s1uB003 0 PIIU A3y} “IoAIMOY
"A1p Burjioq suedaones pue dn Butkip sappnd jo w00 2y ul uoneiodess jo szusuadxe SARY JHM UDIPIIYD)

{Areunung yoregasay Jalep 99g)

"SOAES] OlU] 8BAOW Inoden
Ialem J0/pue selem pInbip 1Byl YUYl OF PUs) UBIPIYD

. ‘pinby jo unowe
awes a1 ueyy Joybi st 585 v 1Y) BB Y] BlRIBUSE Avw
SIOUBISONS SAJBSUOD Oum 2s0Y] AjpAnBLIGY  ‘ISO| ke
ssew pue yblam teaddesip o1 wass ssourisqns jeudlRW
9SNEOSQ  'IBY] Bapp eyl 1ONNSU0d ABw Asyl anodea
1o seb e 0) Buiueyo pinby B saBsqo UBIPPYO UBYM

“HE PUB WESIWoIE "UDITBAIBSUCD JO
suoilou jo Juswdoeasp sy uo Juspusdsp aq 03 siesdde
1deouos uopeiodeas syl Jo ymoiB syl 1BYl SMmOj0) 1

" 4ie, {sporidesel) syt o1 ob Ja1em JO siq jBy] 188BBns
Aew Asu Jre oness, 10 1380U0D B SAO[BABD PIUD U USUA

'snosod
se prebas alomieyr Asyl yomym ‘soeuns Buioddns
10 J8uUiBjUOS Byl SB yons apeldensl Jo LOS awos se
§0 wbnoy) uayo s eopid ayy "areYMawWos ob 1snw g ey
Bunsebbns Aq soueisgns {paigiodeas) auy amasuod o)
dwane 03 Ajgyl a1e Asui 1eyl 01-g sebe syl Jiun jou §1 3

‘uoneue|dxd ou seyo pue susddey isnf ¥ jey; idaooe
Asy] -jeuatew jo souereaddesp sy Aq pesseidu a1e xis
pue aay sabe Je usippyo uopeiodeas BuuspISUDD UBUM

spidng 1oy aduajjeyD Yy,

SEAP] JOLI{ S UAIP[IYD
HIOJYA H3LYM

HILYM




2661 "10efold woddng aoualog WNINoLIND feUONeN $pedT yBuAdon

'53552004d Jjsues A815u2 g uaaLIp 21 BUSWOUSYd I5YIEaM SIOS MOY PUBISISPUN Y/ /Al £
"pasjoaut s330001d [eaisiyd o1y JO sWIa) Ul 304 19)em dY) PUBISIBPUN  PG/AL £
:pjnoys spdng

JUWUIE])Y JO SIUSIIAIRIS WINNDLLINY) JRUOnEN paleey

(AL £28 pS3) "uonOW IBYY IALIP YOIYm SIdJsuRl] AG12U 9Y) JO 24meu BY) pue ‘a1aydsowe oY) Ul sased
J& 1n0lBY2q 9Y) U203 yoigm saldpunid dyy ‘suesir 10g)0 4q pue Juswainseaw y3noy ‘Apmis pnoys spdng

(A1 €98 ZS3I) "9140 12)eM BY) JO UOTIRISPISUOD ¥ O) PES] PIROYS SIY T,
“UIdyiEam JO spioder dosy pue suoieasssqo aaneiuenb enfas syew o) Hunsoddo eiy sary pinoys spdng

(1 €25 T
‘Aupgnios pue suonnjos oqe seapt Jurdojeasp o) pea| pnoys uoneiodeas pue Sujosstp uo sywamradey

p pue 7'7 sadejg 43y :Xpm§ Jo sawwesdoay WNNOLLINY [BUOITRN Y} WOI) SIPBIIXG PajRRY

(A1 £08) apho 1mem
ay) “91em jo sonuadosd oy ‘saounos Krepuosas
jo asn Aq pue ‘Gpeonoesd ayednssaul pinoys spdng

¢ 28mg Loy
£pnig Jo awwesdoad WNNdLLINY) [EUelIBN Paleiay

Mop
Io spnop se ‘sjajdolp isjem 3wWodaAq O] I S}
woJ) Isuspuos of anodea ¥ojea sosned Junjoon)

“§12 9y) ul inodea Jsjem
ulej] 0) ‘saaes] Swuepd pue ‘sioair pue soye|
‘SHEAdO JO SoelNS Sy} won sajesodeas I1ojepm

sjgon

HOOJVA HI WA

Ay |



2661 "198foid poddng eousiog wnmolng [euonkeN spast 1yBiddon

"paajoaut $35532014 eoishyd oyl Jo swiIa) u S[RAd IoTEM Sy} puBISIOpUR  PS/AI 0§
"1311e3A 911 9Q1I2Sap UONIAIP pue paadspuia ‘jejurel ‘anjereduia) JO SIUSWAINSESW MOY MOUY  P/Al £98
pnoys spdng

JUIIN[E)Y JO SHIMWAB]S WRNDLIIND [RUOIEN PajR[dy

(A1 €98 ZSM) 9124 1918 Sy} JO UOBIAPISUOY B O) PE3| PNOYS SIY Y 1eak Y] JO SUOSEIS O}
PUE 1ag1eaM JO spiodal dady pue suofealasqo aaneuenb ‘ejnBal oyew oy Apunpioddo oy oaey pnoys spdng

p pue 7*1 sa8mg 43y :{pmg jo sowwesdold wNndIND [BUONHEN 3Y} WO} SIORNND pajRIay

(A1 628}

Iayresas oy} Supusnpjul s10jey oyl Apnis PInoOYs
Aoy eoRpNS SyMRF °Y) U0 JleM JO IR Ay
PUEB S03IN0S3I ISjEM JO UCIIBAIGSUOD ‘A[Ad I3jem
2yl ‘aotem Jo sanadoid oy ‘ssosnos Lsepuodss
JO asn £q pue ‘Apeoipeid 51e3nsaam pinoys spdng
£ 9315 Loy

Apmg jo awnresSoag wnRILINY {BUOIIRN PAIRY

'SPROP 018G pue ‘SERIDO
PUB $I9AL 0] 'UiR O $PRIO[D WOJ PIRAD ST IMleM

180D

FI0AD HI ™M




('sephD ruondnpoauy 998 $ap241 0] Funepas saNSST [ISUSTF JO UOISSNOSIP B 10, )

“SINIOR] JUSWIRAI} ID)eM puR
Sw0ysAs J11SIWOP Se S|IRISP YONS Ul PPE 03 LBIS uay) wed Aoyl S0 d1seq 9Y1 pooisIapun aagy sidnd 3y) 20uQ

191eM
{s39A13}

uopeiodens

VLT
RERRLRRAS
AN o,

/ .co_qmmrmﬂcoo Soam_; lgems

VNN A § “V \
MHW/ / @ i 98ueyd

10 sa559001d puE 1372M JO SOIRIS FYi SOYSINBULISIP Areapo jey} weiSelp sopduis e 9sn 0) Tuipuejsiopun s upYd
sy dppy e 1 “uod Sunaes @ se ‘searaym 20K Jatem oy Jo swesSeip 1Y) 191100 uNnjo suoneongnd Aueiy

fsprorl mHU 50

"SII3AD PIR[OST JO JudwoFuelle ue O}
Supyuyl g Aews weaderp v jo Gumelp 2asw oy, '$3]Ad 1t se doip wed e Jo Aauwinof oy, noge Ajeaneuigeiut
uiy 0 spdnd djay Kews 1} "Ropt 240 orweudp € o) seapt ayeredas syl soyreFor Sutiq 03 st spdnd 10§ ysey 2y,

“0]2A 19184 241 JO voP1 oY) Suronposjul ul pajuRId 10] SRR 3G UED JUOY pUR spdnd o3 98uagjeyo solew
e sjunsaud seopr asayl Jo yoryg (anodep 101eAL PO BuiuleaT] 935) MOP PUE SPNOJY SE SISUIPUOD PUT SURIO
pue SI0AI ‘SD4E| WOJJ $21810dRAD 19]EM MOY Uk (SIsED) puk spinbr ‘spjog, ur apmey Suiuses | Juisuspuo) pue
Suniesodeaz 298) uOHESUIPUOY pur uoterodeAd (S[RLISIEN, Ul 9PMO Butuses] JONB JO BOBAIISUOD) 295)
J3Y)BW JO UOIIBAIISUOD POOJSIOPUN IABY O] PIIU IS1 URIPIYD ‘B(2AD 19TM 3Y) JO €3P! 9Y) dopanap 01 19p10 U}

{Areunung ysizassy Jajeps 898)

‘Aneay pue Big swo0sg sdoip saem 8yl Usym
Sije} UIB1 8yl ‘P02 sswodaq Jnodea syl usym paiBsid
ase spnojo eyl ofipamounoe Aews uaippyo Gi-11 sabe Ag

" ‘AABBY 10
PIOD BLOJAQ SPNOID USUM S[B} UIBI-IyLeT 8Y1 JO 808uns
ay] woy pajzicdeas 18lem jO epRW 8g ABw SPNOP jeu)
sepadde o1 wbaq ualipyys usippyo usy abe noge Ag

“JoY SWOdaq 10 DO 186 $phoid usym sie)
ulel 1Byl ploy ABW UBIPiIUD BWOS AjJpABUIBNY PUIM AQ
USNBUS SI PNOG Bt LaUM ‘BRO aul v sajoy am yBnoy
e} sdoap syl suies I uaym I ut 1etem Jo sdoip Buaey
abuods e se pnojo e asijensia Aew usapypyd wpo Aybis

‘ures snb
o} uado spno sy Jeret amieradway ybiy e o 3 Buneay
Agaiay) sorem au ol saohl ung eyl "ung 8yl AQ peieey
$1 BOS 8y} uaum peleald inodea JO apew eg 0} SPNOJD

JApISUOD 0] UBIS ABW UBIDIYS auiu pue xis sebe usamiag |

‘uie anlb pue saoeid
JAYI0 O] SAOW UBL) SPNOJD 8Y) "181BM J08}00 puR Bas ayl
ouy 0B o) Wybnoyl ade spnoj  INO SjEj LB DUR SPII0D
Aaty) uaum 1jds 1o wioy 180 yoym 1aem jo sbeq se spnop
10 Mulyl ABw SI18UID)  CulBl O paeRIun 8l 3I0jaIsy)
pue 'Jo0M UOHGS 10 &3OWS JO apeul 81 SpNoo eyl
suly) osje Aew Asyj -peuado sie AxS BUL Ul SJIOAIBSS)
J9lem uaym sjig; uier eyl 1seBBns Aew Aeyl sesp:
10 188 paIDBUUOD B BABYy 10U Op uaIpIye 8- sabe 1y

spdng goj a3uafiey) A,

SBap] J0LIJ S UaIP[IYD)
FI0AD HILYM

SERR



"SIULISQNS POAJOSSIP PUB SIUIAJOS JO sopotired
3y} Jo suia) ur Fuia[ossip 10j Junosoe o1 mBaq o) posu sedue)sqns o) jepow opred e Adde weo oym spdng

*191em Ut AJHO JNO30 JOU S90P SUIA[OSSIP TBY]
31emE 2Q 01 Paau A3yl CI9IEM UBYL IS0 SIauod ut Buwmjossip jo sousuadxa saey ‘apqissod jt ‘prnoys spdng

“ratem o7 Juiajossip sosed pue spinbyy 1310 03 BAp 2Y) JOSURY) [ A2Y]
1BY] UBSUI ALIESS209U SAEMIE 10U SOOD Iotem ur BuAjOSSIp SPI[OS JO BIPI 9U) PIOBIQIIS SABY UIIPIYD 1By} 108) Iy,

"sjaqe] pue splom 24} Supequiawas jsul jou seapr 2y Surpueisiepun
U0 2IBJIUSILOD O) PIIU {4 UIIPJIYD 1ng ‘So1pATdE Sunnp 2SLIe (1M 2]QRIOS PUB JUSAOS ‘TOTINJOS SB YINS SPIOM

* {BOURISONS PIAJOSSH
Y] ST 2IBYAA, PUEB IO D]1IIS JURISANS B AL, {2194 21k sooueysqns Auew MO, * i1 ySnosy) 995 nok ue)), ‘se
suonssab yons 1apisuos Aew spdnd sy sjenaep, ut opmoy Suruses ] I9NEW JO UCHIBAISSUO)) 995) PIAJOSSIP
S| 2OURISQNS B uUDYM IBEW JO UONEAISSUCD Jo Suipueisrapun ue uodn spuadop voisuadsns v pue oS
g ‘uonnjos ¥ udemlsq sauaiainp oyl Bursiudoosy sivswesy o]qisia Jo vorsuadsns g pue uonnjos v sredwod
uey USIp|IYd 1By o5 9881s S1Yl Je PIpN[axa 159q SIv yiiw a1 sajdwexs [epIojjo) ‘uoisuadsns B W04y pue JUIAJ0S
aind & wol UONAIOS B ySINBUNISIP 01 PIsu i UIppYY Suniow pue Jumjossip uasmiag paysindunsip Bumey

‘uonziodeas £q xoeq 2injos a1 Suned 2q pjnoo st ‘Injasn aq few UOHNJOS pue 2INJ0s UsA[0S Surydiam
-readdesip J0oU S0P 2DUBISQNS PIAJOSSIP B JEY} WOY} 2OUATOD O] $20uaLadxd 3ABY 0] pasu AW UIPJIYD SWOS

‘Bunieay SSAJOAU] OS[R pUE SOUBISQNS JU0 AJu0 saajoAl] Funpaw seassym ‘Juneoy
oy vaddey ued puk SUBISGNS 0Mm] Saajoatl Buiajossip 1ey) astuBooas o1 pasu Aoy, ‘Junjew pue Juwmjossip
ussmiaq ysinBunsip o3 st spdnd 1oj aBusjeys jeniwi wy 'sassadoud omy oY) Buisnjuod zayl Jo asned oyl
2q [[am Aew Sy J31BA JO X2)u0D 2y Ul unjpaw pue JulAjossIp Y10q Joow Ajjensn uaIpjiyy Bujossip sased 10
spinbi] 1n0ge YUl 0) URY] 13)eM UL PHOS & Jo Fuiajosstp ayi In0Oge JuIy) 0} 19158e Yomw ¥ puy o) A2y 91e spdng

{(fewiwng yoieesey 191BMA 985}

‘saofiispun a1nios oy 1Y) sefiupyd auy noqe
sesp) arow aessusB Abuseaiou sjdnd ybie ebe teyy

‘Bupjewos sybiam ) 1ey) quiy; asayl jo Jiey Auo ybnouie
1810 10 1WI0) BWNS Ul paarasald S| 80URISONS PAAJOSSIP
ayr eyl o spio-resk wbe o spayi-omi noqy

' SBINOSIOL JBIBM UM
XIW, 1O S8N08I0W J181em UaamIsg saseds jj) senospow
Jefing, 1eul Aes awWos ‘U0 JBIB] pUB SIQ il AUl 01U S8006
U, saajosstp 1ebns se reyr swBew o1 pess spdnd 18piIo

"pinby| se0B, uesw Aldus Aew asesyd Jeng

S|yl Je1eM Olug Swny, Jo Suew, 'sieaddesip, 1elem ug

peopd Jefing “AUD 8INOS Byl UO SNDO) OF ADUBpUS) 8] S|
a18y; ubie ebie 01dny -, Buajossip, jo suondaouo? jeleass
pioy sienpiaipul ‘pooyiinpe o1 ybnosy abe Aues ue woly

"A[OTRUILLLIOSIPUL SPIOM OM) BYI 88N pue Buniew
pue Bujajoss|p usamiag ysinBupisip 1ou op usippyo Auey

spidng 1oj 93udfjey)d ay L,

Seap] 10LIJ S usIpHyD
DNIATOSSIA

HILVM




Z661 "walold poddng sousiog wnnospng [euvolien spast wbuidon

"JUON
pinoys spdng

JUSWHIENY JO SIUWIRIS WNNIIINY) [BUOHEN Paley

(105 7SW)

“Anpgnios pue suoynjos roqe sespt Buidojoasp 0) pesy pnoys uonesodess pue Bumjossip uo suowmadyy

(1 €25 1$3) “Bunsimg pue Sutpuaq ‘Bupmod

‘Burysenbs ‘Buwjossip se yons sassevo:d sydwis £q poBueys 9q ues (sepsadoid) swos moy 99s poYs Aoy

y pue 7 ‘7 sade1g 45y Apmg Jo saunusifory WRRDLLIND JRUOHEN SY} WIOJ) S}PRIIXS Paje]ay

(11 £98) "19n2W JO [3pOW
siemoted o1 Jo seopr Surdoppaap oy Jo swirs
ur euswousyd ssayl uiepdxa o} pefeincous aq
prnoys Aay ], - Burajossip - aredisaaur pinoys sjidng

g adeig Loy
Apmig jo awmeadord wWNIndLLINY JRUONEN PAIEPRY

"pinbif € 58 $eARYIq UOTINIOS 2J0UM BY)
18y} 0§ Aj931] punole saocw sapnred syl jje pue
“¥atem a1 Jo sepnaed sy gl paxtw je1ajdwod
2wodaq 2oueisgns 24) dn ayew WM sapraed
Y} 'IDJEM UL SIAJOSSIP  ODREISQNS B USYM

‘snozuafowor Ajorejdwod
Sl QINJXIW DY) PUB POWIO] §I UONNJOS B ID1RM
UL SPAJOSSIP 20UBISQNS B USYA ' JusAjoS pood
B, PO[jEd S J9)em SI0JSIOY] I9]BA UI SAJOSSIP
sased uew pue ‘spinbi] 1910 S1w0s ‘Spryos Luepy

(80D
ONIATOSSIA

e o]



19184 0F padsar qiw Ansuap si vodn spusdap
1372M Ay} §IEAURQ (RSN Bunteo)) jo Junowe 3y) ey BuisiuBooar ‘wonsodoxd jo 3daduos ¢ uodn mesp o) pasu
1 spdng rsaorjdar 100go Suneo] 2y Yoiym J21em JO SWNIOA Jey} U0 3210) piemdn JY) SB JWES DY) §1 101EM JY)
10 2010 pIemdn ay) 1ey) Sursiuooas saajoaur siyj, Bunjuis pue Suneoy jo suoneueidxas 53010 pue Ausuap oy
soq1a80) meap o1 uifaq Ajeniuaas Aew sjidng “I9jem 913 JBpUR S§ YOIYM [ELIRlEW BUNEOYY JO SIUNOWE JUSIIHIP
a1 - s1oweo]) twasapp Sulredwod pue 121EM SB {[9M SB UONN[OS JjBS pajenusdued v Suisn swn sup qnydioy
aq Aew sjeLIaIEW JUSIAIIP JO $HHP0[q 0] vimas v spremdn 1afqo sy Furysnd oq Isnur xajem 341 1R SSITOI0I
01 uomsod e Uy 21r K9y} jeyl 192[qo S1BIS B UO $9010) pIduB[Eq JO UISKA SY) OS[e pue ‘SpIEMmumop unoe
A1arag 1daooe Koy uaym AJuo st 3p "Bunoe j0u st Ajerd juiy 01 paulul ase spdnd saiem U1 J20fqo ve 07 SOWOD
W uaym NG ‘JOO[J 9Y] U0 IO (G} B U0 re 9y Ul 199[qo UB UG spremumop Funoe Aaeid jo 93105 91 Ajnuapl
o1 Ajaxi] are spdng )t UO $3010) PIDUR[EG 2 ISNW DIIY) UYL UMOP 0 dn Jayirs Furmow 10u st 12(Qo 24 1 1ey)
pueisiapun o} paau A2yl ('$30104, vt apng Suiuieay 20104 (1ON) IeNSSY 39¢) 'S010} padueiRq jO BOp
3yy pasu Aayy, “Buneoy st 192[qo 9Y1 uaYm Furow 318 $3030) JeyM SIA[ISWAY) Funyse - $9010] JO SEIP! H1AY) vodn
meip 0) pasu spdnd Suppus pue Suneoy) jo seousrradxe AepAraad Jo SuipurISIOpUN UR SPIEMOI A0 01 IIPIO U]

*10§ pa1unodde ale (ne Butpnpur) 1950 Y3 Ul S[RIIDTRUE 3Y) {[B SSIUN UMOP W)
s1a] uoreuedxs tatem yim paredwoo Ansusp, nayl “Pafgo Funeoy) v o opewr 9q ued feLaew Bunyuis € ey
ey 243 10f 1unodaw 0 41 spdnd usypy rolem uey) 9215 S1 10} (191ARaY J0) 121YBy ST payLUIPL AIses Jou ST N
USYM UIAD NUIS 1O 1RO} [[IM [ELIDIBW B I3YISYM 121pard pue po)se) S[BLISIRW JO SANISUSP YY) SUIULIRIBP 0] J[qE 29
Aew (spermm, u apmo Suiusea] Ausuacy 39s) Asuap Jo Juipueisiopun pareansiydos asour & aAey oym spidng
io1em Yime sietatew oyt Suuredwod jo Keam piea v Suipuy jo tey Swisq aBusneyd ay) ‘Bunjuis pue Surreoy) 10§
JUNGIZE 01 431 01 PAsn 3q URD AHSUSP jO LOHOY DY) JO SUOTSIAA JwWOAIquy ,321S 10] JyBtam, Jo sdeysad 1o Jydrom
10 £uo umy Aew Aoy [, "321BM 1M 0S]2 ING I0YI0UE U0 i AJUO JOU ‘S[RLISIRW JUIIIIHP ) aredwod 0} pasu
spdng -, quls (Rutew Suijurs B sa0p AYA, PUR ;1RO [R19IEm Buneoy e soop A, ‘SoAJ9SWAY) yse O uonsod
pood e ur ose spdnd ‘sppuoew uo sndoj e yum Funjiop  Supjuls, Se pIssed 218 W00 3Yi O) JUIS YRIYM
sjeLmBWw Auo 1ey) os Suneop st sunod eym AJue o1 pasu Aeur sidng  juis sAemie S19Y)0 pue jBO[ sdemje
$§201q SB S[ELI9IZW WOS '9]qeldipeid si s[eralEW JULIJIP JO $YI0IG PHOS JO INOEBY2] 24} 18y} 9s1udodas 0} se
os sjensatew vodn Smsnoo) vonednsaauy ue i wdaq o) spdnd so) ydiay sty slqo ue jo Buryuis a0 Buneoyy
atpy Sunaayye s10108) syqissod oyl Kjnuapt o1 BuiuwBaq ut way) SIAOAUT 1Y} puB St} B 12 J0108) U0 Bunednsaaul
ut 95u3S 9YF 595 01 paau spdng ( sjenately, ur apiny Suwrea] sl [V 998) “Bunjuis pue Jupieoy) UO Niom
J0 125100 3Y) 18 UONuUANE padu Aew it pue spdnd 9wos 10§ sanRVIP S1UBssId UOHIUNSIP STYL, IPBW ST YIIYM
JO JrizarEW o) 10 193[qo we Furrapisued 21e ASY) 19YISYM ST 908 OF spidnd 10 SNSST ISIY AU [SUOIIRUIQWIOD
snotieA 4INS Ul jow 218 A3y) usym Sumjuls pue Juneoy Ul PRAJOAUI SIOWEB) AW JO BUIPUBISISPUN JUIBYOD
g Swidopeasp ur Aynoyjip sary spdnd Jey) sspuom [BWS ST 1} CYUIS PJuOM [RLIRIEW JWeS 3Y) pue adeys Jepuwis
g Jo s103iqo 19851q USYm S3jEM JO UOISUD) FJBJINS A1 03 ORP JEOY, YoM sP3fqo Jlews wew [im Aoy puy
"RUIS Yorysm S|BLI3IZW Jo speur 218 A2y1 yBnoyl usA2 1eoy) yorm sP20Q0 1931w [[im A0y Y, "YUIS YOIYM SjelIa)ew pue
180y] YoIYM S|ELIIBW 199t {1 ASYL “uIs gorgm $12lqo pue jEoy YoM s1ago 0w fjwm Aoyl uoudwoudyd
a1 jo senadwod ayl e Yl wayy juasaid o) A 938 Surjuis pue Buneop jo seoudtradxs AepAiass spdng

spidng 1oj adudfeyd Ay,

(Areusing yoseasay Jeyep eeg)

‘SYUIS It pue Jsiaeal) 198lqo syl saxew
1P8lqo ue apisul JBlEm 1Byl Uyl Al UBIPIUYO SWOS

120y 01 iyBnoyy ag Aew weyl up 4B, YIM 8soy;
apum Hjuis 01 peoadxe ale wayl Ul sejoy yum s198iqo

‘|oAs] LUOTRIO|;
Peye 108lgo aul yiesusq Ialem Jo uyidap syl 1o |euseL
10 1BuBsy] 8Y) 1BYI MUIYL USIPJIYD BWOS “JBOJ 1M J1 JALIaUM
sauluzep 00lqo syl jo adeys auyy jeyl Jo juis s108lqo
Aneay pue jeop $108igo Wby 1Byl jUIgl usipyD Auep

CSIXSINOD JUBJBYIP
10} suopeue|dxe wasemp Joj0 pue Bupjuis pue Bupeoy 1o}
uopeueidxe a|Buls aus $) LEYT UYL 10U OP UBIPIYD Auep

Seap] 1014 SUIPIIYT
DNDINIS ONY DNL I

HILVM




2661 Sosfoig Hoddng sousiog Wnnoping feuolien spseaty yBuidon

"SUOHIDSAIP JBRI3JJIP Ul jOB UBD $3010] JBY} PUR 19[G0 UE U0 DB UBD 92J0] SUO UBY) 2I0W Jey] MOUY Op/HI $0§
:proys spdng

JUBWHIEITY JO SIUBLIIRIS WINJRILANT [BUOfIeN PAeRY

{11 $98 7S3]) “Sunjuis pue FuIEO[] Ul PIAJOALT $10308] A1) 91EENSAAUI PJNOYS 437 ],

{1 $36 1Y) L1785 Io)em 0) Saouanadxe nay) 21e]21 pue Sunyns pue Juneopy asofdxs pinoys {oy ],

p pue 7 ‘1 saBeyg Aoy Apmg Jo saunueaBord WONOIINY) [BUOIIBN ) WG] SJORIX2 PajRRY

ofbmv.a%@%@%ﬁ
‘aidurexs 10} ‘saInionys JO HONEBRJRAR pue udisop
3y} 0} 2¥2}2I PIROYS HI10Mm Sy ] Sunjurs pue Buneoy
ajqeus  sodopmoy  oednsoamt  plnoys Aoyl
(1 €28) "Ansusp

Buipnpw ‘sonradoad jeocwisdyd jo oBues v Apms
pue azedwod o) Hunpoddo sy) saey pinoys spdng
¢ 285 doy

Apmig jo awwrraforg WNNMIIRY [RUCHEN PATRIIY

“131em oY) JO 9210)
premdn oY) uey) 151807 ST 1YTiam SI UDYM SYUIS
1olqo Y cislem o) £q pajyaxa 9210 piemdn
ue Aq paduepeq st (ygem  SH)  SpIRAUMOp

Fumpe  e0i0) o) sieopy  pa2lqe uwe  uaym

; . “Jarem
‘wey) 25USP SSI| 258 BJoYm ¥ ST 1PIym 'Sjeoq
axY “sywoelqo ojut padeys v1e £oy) Ji 180]] 0} 9pewWw
G UED JUIS QoIym S{ElIBIRW AUBN YOI 101BM
GRY) 9SUDP QJOW QUB YIIYM ISOY} pue Yeof
13)eM URY) QSUAP SSO| DB UOIYsm S[BLISIRW 3S0Y)
DfUIS SIOYI0 PUR I3)em UL JRO[] S[ELIDIEW OWOS

S[EOn)

DNDINIS ONVY DONILYOTd




s3] Fuia vy pue Sury) Suial & pue JUSWUOHAUD I UIaMI2q
A1233] 2a0w 01 Iy 2|QRUD YoIyM Jalem Jo santadord pinyg oy) Sunemaidde noy vo spuadap ospe ¥ ‘sadueisqns
Auew 10] Juoa[os B ST 1siem Jey) Sumensidde walpnyo wodn spusdap sjeo Bumy o) ssouvisgns Jo rappddos
® se J9)em Jo 2ouedyiufis oY) FwisiuBooay (Bumjossiqg :apine Swiuiea] 99g) 'SIDUBISQNS PRAJOSSIP JO UONOU
2y} pur Fuiajossip purisiapun 01 pasu sjidnd ‘sassavord Sway 10§ J21em 30 sauraywBis oyl 2tepaidde 01 Japio ug

(uoninny,
ut opinny Juiuies] uonIINN Ul 23G) CI9jeM Fuipnyn seduelsgns ivpduns wolp posisayuils 2uv feloeWw
Fural] Jo s9ouRISQNS 1] TBYL ST BIP] YNOUJIP 240W U2AR Uy “oew 0] spdnd Joj suo Jnoyyip € §1 sassacold
Jo suonaear fearways oy vl wed Junie) 2jeam pue sSuny) Juman w yussard Swmoq 13ieM U2MIG UOIRUNSIP YL

-prubif YIS NIp € S8 11 Jo yunp Aew A3y cioem Aje8re] se pooig
asiuB0osl A[1essarau jou yFuu Aay) fiounsyun, pros Jeadde ydym UINS o4i] S[ZIISIEW Ul JOJEM JO SIUDISXD
2yt Buipueisiapun Aynonpp 2aey [ns Aoyl sores w Suie; sjewiue pue syeyd jo yuiyy Aewr uasppyo ySnoyy

{7 yes 'suieiosd erem) {yes| "poo|q ‘uIys) {sBuiyr Buiay)
seouzisqns siglieiew 1welgo
JO spew o BpEW

s3ury) Fuian dn oyetw yowym S[eLISIRW 2y U1 SOURISQNS B SE Jojem astuFooar o)
{ sje1sarey, ut apinn Jutureor] ssoueisqng Jeliaepy 29s) wonsenb jo apew ji st jeym, o) ansind o) paou spdng

{Arpwwng yoseasay Jelep e9g)

‘MO 10 Jetem 'uer aimdes o3 Bursq uoyoun; ikl $ jes)
ayl yum Jelem Uy exey sanes| sueld eyl 1eyl yumgl Auep
POC) SE Jelem Ul aver siueld 1BUl sugl uspiyd Auel

sprdng a0y aBuafieyD ayy,

SB3p] 10114 S UAIPHYD
SONIHL DNIAM ONY H3 Ly

HILVYM




2661 “alold poddng eaualdg Wnnaping jeueneN spaat ubuAdoD

"S[BWIUR JD[]0 PUR SUBINY O] UOWNUOD $355300.d 3J1] 915Bq 3Y} MOUY BE/NI 708
'$311i[B00] JUBIJJIP Ui punoj 3€ sBuy) Butal] JO SPULY WINPTyl mouy 97/1 70§
*2Ji] UIBJSHS 07 SUONIPUOD WIRIIR) PIdu Sjewiue pue sjueld Jeyy mouy  B7/1708
piroys sjidng

JUIWUIENY J6 SIUAWIIRIS WRIROLILIND [BUOHEN] D3I1RPY

(m 708 $S31)
udwucAU J1oy) 0} pardepr 2se A3t yoym ur sem pue ‘sapads uowwos Jo uOIINQIISIp puR SduURpUNge
Y} 3o uonednsaaur ayi Buipnpur ‘euqey e jo Apnis sanemuenb pue pajieiap 210w e oyew ppnoys spdnyg

’ (1258 pS31) suonepas
131es Buipnput ‘paurelutew e sjewjur pue sjugyd jo SIUFLBOAUD [euIdIul Y} M0y aa0jdxe pnoys Aoy

(1 705 78%)
"3J3Y41 31 eyl siueid pue S[BWILR Oy pue SiBNIQRY JUIIDYIP Om) ISES] B ajegusoaul pue 210jdxe ppnoys spdng

(11 208 1$31)
"puod pup ‘uzp.o8 ‘prayf Supoyd ‘sduwsexs 10) ‘sienqey [890] Jo £1o1IeA B Ul Sj2UNUR puR syueyd £pnis pinoys spdng

(1728 TS3) "oy Jueyd pue [ewnue
Jo A12tsea B 0GR 10 puy 0} ‘UolEAIBsqO puey sy yBnoiy) sjqissod uaym ‘soiqunisoddo asey pynoys foyy

b puB 7°] sade)g Loy :4pmig jo sownueadog wnnoLLIND [RUOHEN Y} W) SIORIIXS DAJR|IY

{(ur zog) -sadueyd asoyy

JAIAINS O] wAL[) 2]qBUD Yatym swistuedio jo saunjes)
) pueIseaInos AIRpPUONIS JO 35N DYBIW pUE puEy
1511 18 sienqey jo Alouea e Apnis pjnoys spdng
(1z08) 'swepd ur vonpnpoadar jenxas pue

ywoid ‘wonendsar Apmis pnoys Aoyl sBurg
ugmny 03 21ejal Loy se Auaemonted *Awnisuss pue
ucinposdas mold noweysqg ‘Juswsiow ‘a1sem
J0 [eaowss ‘orrendsss ‘(uonepunsse pue uonsasSip
Buipnpui) Fupasy ‘sasseood opj Apris pjnoys Aoy
¢ 8818 Loy

Apmg Jo swureaold wn[ndLLINY JRUOHEN PATE|IY

"sas52004d Butajj 1oy ur asn Aoy
HNysm spoue)sgns poajossip Yl woy) 4jddns
“pue way) poddns 0 sdjpy womuonauz A19jem
YL deves £q papunoiins dal] s8uiy) Buiay SO

opew 22e SBuny)
Buall yoiym Jo SouRiSQNS ulew 9y ST IAjEp

|80

SONIHL DNIAIT ONY H3LVYM




* suoianp JIE uruonpanp By pue ‘uonyadp eyl pue ‘uotnap 1eyl ul 2010 B usaq
2ARY ISNW 213Y), 1By} 9ndre 01 pasu M A2y) ued pasdeyjon v 10y Sununoooe ut ‘ojdwexs 10, rapnjulew se jjam
ST UDIIIP 2ABY Yo1ym 3010} Jo w2l w1 Funjuyy; spdnd seajoaut suoroaxnp e ui Bunoe sinssaid jo eapl sy

" orumop 3 Surproy sanssasd e 9q 1snur 21y, pue o wes o) Suisdefjoo styongm
B u 2anssasd v 9q 1snw 243y}, - 2inssad jo ssoudzeme [enpayoiu ve euowousyd asoy) wosy dopasp ues Aoy
‘roaasmoH N1 sousradxs Jouued Aoyl Janovo saousiagip asnssaid uoym pojolep og Ajuo ued aunssaid 913 pue ‘sn
Jo |[e Joj ucnesuas punosByorq, e st aunsserd J1e osnedag “JIE JO 1x0JUo) 9yl O] J3lem ul ainssaid jo wvopr non
puaixs 01 way diay 01 ("rsaomep wopens, Buisn ‘mens e yBnosyy Sunyunp ‘sues Bussderjor ‘soBuiifs Bumpoaur)
sosustsadxs Jo A1atiea B poou Asyl cme w smssaid jo eopr oyp weys 3dooow 0) so15EY Iojem ui ainssoxd jo
BApT 341 pui A24] 210J2104 ], '121Bm UL 218 A2 uaym 21nssa:xd 121em Sunad) Jo adustrodxa puey-isiyg asey spdng

"S1231J2 SH JO 2WOS Jo Ssaugseme ue pue ‘'spmbyp pue sased ur s1nssaud jo vouswousyd sy1 Jo SsOUIIBME
UB SpIEMO) JI10M 01 ST 93els Arepuodas Ajrea oyl je spdnd so] sBusjeys isay oy, -esnssoad ooejuns moqe seapr
Buidogaanp 210y puaxs Ajdwis jouwed Loy :spdnd o swapqord yueoyrudis sjuosoad sosed pue spinbyp up arnssalyg

spidng o) 98uajByD 9],

(Lewwng yoreassy islep) 985}

* SHONS, WNNIBA B 10
‘anssaid mop JBY1 BOPE BU] I 'SNOIDEBUS] PUR "UOWIWCY
ajow g paswbooas ag Aesw Buysnd ainssaid auo
1saInssald OM] UBBMIBQ BOUSIBPIP SUYl 01 palngule
Apier aie seoussspp amnssaid Ag pasned sabueyn

‘spiemumop Bugoe ainssaud
Joreall B JO UYL 0) PAUOU| @iB 1SOWl  L81eM IO e
ul suoiosap e Ul Bunioe aunssaid jo yulyy spdnd mey

‘yidap Yim Busesioul
sinssaxd jo yuyy spdnd Asepuootes jo Awofew sy

SBap] J0L1] S, UIPHIYD
AHNSSHHd HA1VYM

H3LlvMm




2661 108/0l4 pYoddng 8oUsDg WININJUND fBUGHEN $paaT 1ybiAdon
“BUON
¢ odeig 49y
Apmg jo awwesBoag wnndaIn) [RUOLRN PIIEIRY

DUON
poys spdng

JUALENY JO SIURURIRIS WANOLLINY [BUOHBN Pajepy

‘ 'SUOIPATP T8 U1 S1B YoIym ainssasd
© ST 2197} Jolem PUE Jle oyy ‘S|ElISjeW pmyy u|

(1 oS pS3) “soynespdy jo suoneaydde AepAioas pue sinssasd 91eB3nssaut pInoys Loy L

p pug 7 'y sadeig Lay :Apmig Jo sawnmreaGoad WNIADLLINY [BUOREN 3] WOJ) SIILINXI PAIBY L)

JHNSS3H HP IYM

....... e et <y 7



Children’s ideas about

WATER

RESEARCH SUMMARY

This is a brief outline of research setting out the main prior

ideas and understandings which teachers might expect

to meet among pupils.

Copyright Leeds National Curriculum Science Support Project, 1882



Children’s ideas about
WATER

Before reading this summary of children’s prior ideas, it may be helpful to look at the
Science Map and The Teacher’s View so as to have a useful overall perspective from
which to view children’s understanding.

Introduction
Research into children’s ideas about water is often in the context of research into ideas

about solids, liquids and gases in general. Hence this summary is closely linked with
that in ‘Solids, Liquids and Gases’.

Research findings particularly related to water are summarised here under the following
headings:

Water as a liquid

Freezing water and melting ice
Boiling

Evaporation

Condensation

Dissolving

Water cycle

Water and living things
Floating and sinking
Weathering rocks

Implications of the research findings for teaching.

Water as a liquid

In a child’s view water is the exemplary liquid and all liquids tend to be regarded as
‘watery’, ‘made of water’ or ‘containing water’ !,

Dow studied pupils applying a particle model to water and liquids 2. They tended to
think of the particles not as being closely packed and simply rolling over one another
but rather as moving freely away from one another. As a result of this pupils saw no
reason for a liquid sample to have fixed volume and they expected a liquid to be
compressible.

Research Surmmary 1



Water

Freezing water and melting ice

Osborne and Cosgrove * studied children’s ideas about freezing and found that they
generally do not regard freezing as taking place at a specific temperature. Pupils who
tried to apply a particle model to the process of freezing tended to think in terms of the

particles of water becoming more packed together and consequently they reasoned that
‘ice doesn’t take up as much room as when it’s liquid’.

Pupils are inclined to think of a loss of mass when ice changes to water. Stavy ¢
presented pupils with two samples of ice having identical weights, then melted one
sample of ice and interviewed them about the relative weights of the two samples. In
this case she found that the development curve of conservation was S-shaped - starting

with 5% at ages five and six, it increases to about 50% at age seven and then to 75% at
age ten.

Boiling

Andersson * set children two problems regarding what would happen to the temperature
of a pan of water boiling on a stove. When asked what would happen if the water
continued to be heated for a further five minutes, 40% of twelve year-olds responded
that the temperature would be greater than 100°, with the majority of the group
explaining that the water gets hotter the longer it is heated. The number of children
offering this answer fell with age but 16% of fifteen year-olds still felt that the
temperature would be greater than 100°C. Of those children suggesting that the
temperature would remain at 100°C, 25% of twelve and thirteen year-olds explained
their answer in terms of the switch number of the stove determining the temperature of
the water. The pecentage of children offering this explanation was 35% in fourteen
year-olds and 32% in fifteen year-olds.

Andersson’s second problem required the children to suggest what would happen if the
setting of the stove were increased. Here 90% of children aged twelve thought that the
temperature would increase above 100°C. This response was also given by 63% of
thirteen year-olds, 60% of fourteen year-olds and 54% of fifteen year-olds.

Even by age fifteen only 31% gave correct answers and appropriate explanations to
both problems. Children appear to consider heat and teruperature to be the same thing
and so if you increase the amount of heat you will increase the temperature.

Bar and Travis ¢ found that pupils’ understanding of ‘boiling’ precedes that of
‘evaporation’ of liquids from surfaces such as floors, saucers and roads. They found that
70% of a sample of 6-8 year-olds understood that when water is boiling vapour comes




Water

from it, that the quantity of water decreases, and that the vapour is made of water.
However, the same children said that when a solid object (for example, a wet saucer)
dries, water just disappears or else it penetrates the solid object.

Evaporation

Development of a conception of evaporation

Several researchers have attempted to trace the development of a conception of
evaporation¢’¢? 01t 2 For example, Bar 7 found that, at ages five and six, children are
impressed by the disappearance of material, accept that it just happens, and offer no
explanation. [t is not until ages 8-10 that they are likely to attempt to conserve the
(evaporated) substance by suggesting that it must go to some place. (Such a place, in
their view, has the character of a receptacle.) At this age, the only ‘receptacle’ they can
think of is the (solid) container or supporting surface; either of which they now regard
as porous. When, however, they come to develop a concept of ‘static air’, they
suggested that bits of water go into the (receptacie) ‘air’. It follows that the growth of
the evaporation concept appears to be dependent on the development of notions of
conservation, atomism and (invisible) air so that, by ages 12-14, a conception of
evaporation which links these three such notions is quite prevalent.

Particle ideas about evaporation

Osborne and Cosgrove * reported that of the 43 Australian 13-17 year-olds interviewed
only eight mentioned particles or molecules when describing what happened to water
evaporating from a plate. At least one was aware that the particies were ‘getting energy
from somewhere and flying off. The possible sources of energy mentioned were: ‘what
they’ve got’ or ‘cach other’, or ‘the air around.’

Evaporation and conservation of mass
When children observe a liquid changing to a gas or vapour, they may construct the idea
that, because material substance seems to disappear, weight or mass is lost.

Alternatively, those who conserve substance may generate the idea that a gas is lighter
than the same amount of liquid.

Condensation
Development of a concept of condensation

Pupils are likely to have difficulty with condensation unless they are able to imagine that
an invisible gas is changing to a liquid. '

Ideas concerning the condensation of water on a vessel containing ice have been
explored among Israeli children by Bar and Travis ¢ and among New Zealand children
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by Osborne and Cosgrove . Both groups of researchers used a multiple choice
procedure in which the alternative choices were based on previously obtained interview
responses. Israeli children, aged 10-14, most frequently chose the responses ‘the
coldness changed into water’ and ‘cold caused hydrogen and oxygen to change into
water’ (approximately 40% chose each alternative). Less than 20% chose the response
‘the water condensed from water vapour in the air’. As a result of comparing these with
other responses by the same pupils, the researchers concluded that, although pupils
know that vapour can be changed to water, applying that knowledge appeared to cause
some difficulty. However, 12-17 year-olds in New Zealand most frequently chose the
response ‘the coldness caused oxygen and hydrogen in the air to form water’ {around
60% between ages twelve and fifteen, then decreasing to 30% by age seventeen), Less
than 15% chose ‘the coldness comes through the glass and turns to water’. The
proportion who expressed the view that the condensation results from water in the air
increased from 10% to 55% between ages twelve and seventeen.

The same Israeli pupils were asked about how a hand can become wet when held above
boiling water. There was an almost even distribution of the two responses: ‘the vapour
changes into water’ and ‘the hand became wet from the vapour. The frequency of the
former response increased, between ages 10-14, from 20% to 55% respectively. Only a

small proportion of the sample chose the responses ‘the hand sweats’ and‘hydrogen and
oxygen changed to water’ s,

Dissolving

Development of a conception of dissolving

Several researchers 212151 have found that, from an early age through to adulthood,
individuals hold several conceptions of ‘dissolving’. Some of these are revealed by
words they use to describe what happens to sugar placed in water. Up to age eight,
there is a tendency to focus on the solute only and say ‘it just goes’, ‘disappears’, ‘melts
away’, ‘dissolves away’, ‘turns into water’, and so on . When the response ‘melts’ is
probed, many children tend to describe it as similar to ice ‘going runny’ (see ‘Melting’
above). Often, older pupils start to imagine that as sugar dissolves ‘it goes into tiny little
bits’ and, later on, some of them say that ‘sugar molecules fill spaces between water

molecules’ or else ‘mix with water molecules’. Other ideas are described in the context
of solution below.

Dissolving and conservation o

Some researchers ¥ # ©» » 3 have explored the conservation aspect of dissolving.
Holding = investigated pupils’ ideas about conservation (substance, weight/mass and
volume) by using interviews about practical tasks, together with surveys of written tasks

Research Summary



yvaer

and children’s diagrams. It would appear that about two thirds of eight year-olds think
that sugar (the substance dissolved) is preserved in some form other. However, when
probed about the weight of the solution, only about half of those who say the sugar is
‘there’ also say that ‘it weighs something’. It seems the reason for this apparent
discrepancy is that some children think the weight of the sugar is now ‘up in the water’,
that is in a ‘suspended’ state, so that, in their view, sugar is not visualised as ‘pressing
down’ on the bottom of a container. The gap between the proportion of pupils who
conserve substance and those who conserve weight widens through ages 9-11 but then
narrows in later school years. This is because a steadily increasing proportion (with
age) conserve substance but a decreasing proportion conserve weight. After age eight,
pupils increasingly generate more ideas about the changes that the solute undergoes
(for example, ‘bits’ of solute, liquid’ solute, ‘atoms’ of solute, and so on) but, frequently,
do not regard weight as a gravitational force acting on the ‘bits’, ‘liquid’, or other
imagined forms of solute. After age twelve, many pupils progressively begin to develop
a gravitational view of weight and a science conception of mass so that some, but by no
means all, conserve both weight and mass of solute.

Development of the conception of a solution

Eventually, pupils are expected to regard a solution as a homogeneous mixture of two
or more substances. However, several studies have shown that they hold a variety of
ideas about solutions * 5255 Holding * found that in the early school years, some
children do not regard a solution as a single phase but, instead, hold the idea that
invisible gross particles of sugar remain that can be filtered out or may settle out from a
sugar solution. Alternatively, because they did not see a boundary between solute and

solvent, other children regarded a solution as a single substance, rather than as a
homogeneous mixture.

Particle conception of solutions

After five groups of pupils, (each of over 100 pupils aged 8, 10, 12, 15 and 17
respectively) had placed some sugar in water and stirred the mixture until the sugar
could no longer be seen, Holding * asked them to draw their idea of what was ‘there’
(assuming they could see the situation with ‘super’ eyes). The majority of children
depicted ‘bits of sugar’ (distributed in several ways) without drawing the water; this
representation peaked close to age twelve at about 65%. The next most prevalent
picture of a solution was ‘continuous’ shading throughout; this apparently non-
particulate view peaked between ages ten and twelve at just over 20%. Molecules were
rarely mentioned in the earlier years, but later an apprééiéble proportion depicted
‘molecular particles’ of sugar - at age fifteen (30%) and age seventeen (50%) - but only
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half of these pupils depicted molecules of water also. It would appear that a continuous
view of water is still quite prevalent in older pupils.

The water cycle

Bar 7 has shown that in order to understand the water cycle pupils need to understand
not only the concepts of evaporation and condensation but also that water vapour and
drops of water have weight and undergo free-fall, Sample populations of pupils from
each of the ages between 5 and 15 were interviewed about aspects of the water cycle.
The questions used were as follows: ‘Where do clouds come from?’, ‘How do they
start?’, “What are clouds made of?’, ‘Can you tell me how rain falls?’, and ‘How does it

start?”. The responses indi¢ated that particular ideas were prevalent at certain age
ranges.

- Atages 5-7, the most common idea is that rain falls when somebody, possibly God,
opens water reservoirs. Children may also say that clouds are made of smoke or
cotton wool: it follows that clouds and rain are unrelated in their thinking. An
alternative view is that clouds, regarded as bags of water, are kept above or in the

sky. When clouds collide, they may explode, or open, or get torn, or split, so that
rain falls out,

- At ages 6-8, the clouds are thought to go into the sea and collect (‘drink’) water;
then they move on to other places and give rain.

- At ages 6-9, clouds are considered to be made of vapour created when the sea is
heated by the sun, or they are made of vapour from kettles; eventually the clouds
open to give rain. The sun is thought to go into the water thereby heating it to a

high temperature; water vapour so created enters the clouds; later, the clouds open
to give rain.

- Atages 7-10, a cloud may be visualised as a sponge having drops of water within it;
when it rains the drops fall through little holes in the cloud: this happens when the

cloud is shaken by the wind. Alternatively, some hold that rain falis when clouds get
cold or become hot.

At ages 9-10, clouds are said to be made of water évaporated from puddles; rain
falis when clouds become cold or heavy.

- Atages 11-15, clouds are created when the vapour becomes cold; the rain falls when
the water drops become big and heavy. (None of the sample population explained

6 flesearch Summary



how the clouds became cold.) Above this age range weight is attributed to vapour
and to small drops of water.

Water and living things

Wood-Robinson * summarised the findings of several papers concerning children’s
ideas about piants and found that many children thought plants took in water as a food.
Many children thought that the plants’ leaves took in water, with the leaf's main
function being to capture rain, water or dew. Some also thought that water vapour
moves into the leaf during photosynthesis.

In their study of children’s ideas of nutrition, Wellman and Johnson # found that pre-
school children thought that the consumption of anything, even water, would lead to
body weight gain, and that differences in height as well as differences in girth are a
direct consequence of the amount consumed.

Floating and sinking

Biddulph and Osborne = surveyed 7-14 year-old children’s meanings for the term
‘floating’. When they considered objects which floated on the surface or had a sizeable
proportion above the surface, most children described them as floating. When only a
minor portion of an object was above the surface, however, some pupils took a different
view. Some thought that it was partly floating and partly sinking. Others suggested that
it might be starting to sink and would eventually go down.

Some pupils who considered objects which appeared to be on top of the water thought
that the objects were not floating because they were held up by the water’s skin. Many

children thought that objects which were completely submerged but freely suspended,
such as fish or submarines, were not floating.

When asked if there was one reason why some things floated the most frequent
suggestion was that things floated because they were light. Only three children qualified
their answer by suggesting ‘light for their size’. The majority of the children in the
sample could not offer one single reason why objects float but resorted to giving
different reasons for different objects.

The same study asked children aged 8-12 how a longer piece of candle would float
compared with a shorter piece. The survey clearly showed.that as the children got older
an increasing percentage considered the longer candle would float at the same level as
the smaller candle and a decreasing percentage considered the longer candle would

Hesearch Summary 7
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sink or float lower. However, at age twelve, there was still a sizeable proportion of
children - about 40% - who though length would affect flotation.

Although by age 9-10 years the majority of children considered that the depth of water
would not affect the level at which an object floated, even at age 11-12 up to 35% of the
children surveyed thought that the depth of water would affect the level the object
floated at.

Few of the children correctly predicted the amount of water which would be displaced
by floating objects and even when the pupils observed that reshaped plasticine displaced
more water when floating than when immersed, many were puzzled by it.

Grimellini Tomasini, Gandolfi and Pecori Balandi # studied children’s ideas about

buoyancy and found four ‘ways of looking’ in their sample of pupils. The children
offered ideas in terms of:

(i)  the role played by material and weight

(i)  the role played by shape, cavities and holes
(iii)  the role played by air

(iv)  the role played by water.

They found that many children thought that holes in objects affected their ability to
float. Despite teaching the idea was firmly held by some children, though others refined
their notions 1o take account of cavities in objects. The part played by water in floating
varied. Some children thought it made objects heavier if it went inside them, others
offered ideas involving water pressure pushing either upwards or downwards.

Weathering rocks

Osborne and Cosgrove * found that pupils’ most common underlying model, related to
freezing/melting, was that volume increases as the temperature rises,

Implications of the research findings for teaching

The research findings suggest that most pupils are likely to need particular assistance
with the following:

Conserving mass when water changes state

Pupils often anticipate that a change in mass occurs when materials undergo changes of
staté such as: solid to liquid; liquid to gas; solid to gas; and, solid (or gas) to liquid in
the dissolving process. They need to be helped towards the idea that, in a ‘closed

Research Sumsmary
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syster’, mass is preserved although material may appear to be more dispersed in
liquid/gaseous form or may even disappear in solution or gaseous form.

Appreciating that pure water changes state at a definite temperature

Research has shown that, in general, pupils do not recognise that substances have fixed
melting points and boiling points. Because they observe that a substance gradually
changes its state, they tend to deduce that the temperature gradually changes. They
need to observe that the temperature remains constant throughout the change and does
not gradually alter (unless the substance is impure). They are then in a position to ask
why the temperature remains constant.

Research Summary
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WATER

THE TEACHER'S VIEW

This section outlines those aspects of a deeper understanding which the teacher needs
to have in mind whilst working with pupils. Ideas in any aspect of science are
constructed at ever increasing levels of sophistication and there are inevitably more
sophisticated understandings than can be represented in these brief notes.

Water is the most common of all liquids., About two thirds of the Earth’s surface is
covered with water. Life on this planet began in water. Water and air together provide
the conditions which support life as we know it. The average adult human body consists
of 58% water and most plants consist of about 80% water.

Water and water vapour

There is an enormous amount of water spread around the surface of the Earth. Most of
it is concentrated in the oceans (97.3%) and as ice in Polar regions and glaciers (2.1%).
Underground aquifers account for 0.6% of the Earth’s water; lakes and rivers for
0.014%; the atmosphere 0.001% and the biosphere 0.00005%. The amount of water
vapour contained in the atmosphere varies. Water evaporates from puddles, and so on,
into the atmosphere. This process speeds up if the temperature of the surroundings
increases or the flow of air across the liquid increases.*

Warm air can hold more water vapour than cold air. When water vapour condenses in
the colder air it forms clouds which often condense to form rain. Near to the ground,
condensing water vapour produces mist.

During the day the temperature may warm the air enough to hold a considerabie
amount of water vapour. If, during the night, the temperature falls then some of the
water vapour may condense and be deposited as dew. If the temperature falls enough
the condensing water vapour may freeze. This is frost.

* See The Teacher's View in ‘Solids, Liquids and Gases’ and 'Air’

The Teacher's View Copyright Leeds National Curriculurn Science Support Project, 1992



Water cycle

‘The water cycle describes the cycling and recycling that happens to water in nature.
Water is evaporated by the heat from the Sun. All over the surface of the Earth
millions of tons of water evaporate every second. The water vapour rises into the
atmosphere where it cools and condenses into tiny droplets which make clouds. When
the clouds pass over the warmer land they rise and become cooler in the colder upper
atmosphere. As the air cools down it may pass through its saturation point and some of
the water vapour turns to liquid water. The droplets of water get bigger and fall out of
the sky as rain. The rain either soaks into the ground or runs into rivers and streams.
Eventually the water reaches the sea and the cycle is repeated. Water which percolates

into the ground may be taken in by the roots of plants, pass up through plants and be
evaporated back into the atmosphere, by the process of transpiration.

{cloud)
/ water vapour

evaporation transpiration {from plants) condensation {rain)

~ L

{sea, rivers, lakes, and so on)

Solutions

A solution is a uniform homogeneous mixture of two different substances. The
dissolved substance is called the solute and the substance, usually a liquid, in which it is
dissolved is called a solvent. The most common solvent is water and its solutions are
given the name aqueous. Blood plasma, saliva and urine are three of the many
solutions produced by the human body. All the processes of living depend upon the
ability of water to carry substances around the body as various kinds of solutions, and all
the chemical interactions of metabolism take place in solutions.

There is a limit to the amount of solute which will dissolve in a fixed amount of solvent.
If further quantities of a soluble substance are added to a solvent a stage is eventually
reached when no more will dissolve, at the same temperature, and the solution is said to
be saturated. A saturated solution is one which contains the maximum amount of solute
which can be dissolved at the temperature concerned in the presence of excess solute.

Solubility is the mass, in grammes, of a solute which "'dis‘solves in 100g of water at a
particular temperature. In general, the solubility of a solid increases with temperature.

The Teacher's View



Gases dissolve in liquids although their solubilities are much lower than those of solids.
Ammonia, hydrogen chloride and sulphur dioxide are soluble and all combine with
water. Gases are more soluble in cold water than hot water. The presence of dissolved
oxygen in water enables aquatic organisms to respire. The oxygen diffuses from the
water as it passes over the general surface of specialised gills of the organism. Because
of the low solubility of oxygen in warm water, thermal pollution can lead to
‘suffocation’.

Suspensions and colleids

Many substances do not dissolve in a particular solvent and so they are said to be
insoluble in that solvent. A mixture in which fragments are merely spread throughout a
liquid, without dissolving in it, is called a ‘suspension’.

The fragments may settle to the bottom if the suspension is allowed to stand. However,
in some cases, where the particles are very small and when they are electrostatically
charged, they may take a very long time to settle or even remain in permanent
SuspenS'ion. This is the case in a suspension of clay pai‘ticles, for example.

A colloidal solution is one in which the fragments of the substance dispersed in a liquid
are intermediate in size between those in a solution and those in a suspension. A beam
of light from a strong torch is scattered by a colloidal solution.

Many natural substances are colloidal. Common colloids are glue, butter, potters’ clay,
ink, smoke and fog. Pastes, such as paints, putty, dough and toothpaste, are
concentrated suspensions of colloidal solids in liquid solvents. (Gels or Jellies are
colloidal substances even though they appear to be semi-solid.)

When the substance dispersed in water is a liquid (or when water is dispersed in a
liquid), the colloidal system obtained is called an emulsion. Milk is a natural emulsion.

Change of state - a particle view
Heating a substance increases the kinetic energy of its particles, whilst cooling a
substance decreases their kinetic energy (unless a change of state is involved).

If the kinetic energy of particles in a solid is sufficiently increased, the particles vibrate
more vigorously until they no longer remain ina rigid array. They remain quite close
together but the forces of attraction no longer hold them in rigid formation and they
slide freely over one another. If ice is heated the ice becomes a water or ‘melts’.

The Teacher's View 3



Similarly, if the kinetic energy of particles in a liquid is sufficiently increased, they
escape from the attraction of neighbouring particles and move freely apart in all
directions. If water is heated the water becomes a water vapour or ‘evaporates’, In a
liquid which is not near its boiling point an individual particle may nevertheless gain
enough kinetic energy to escape from the surface of the liquid. Thus evaporation takes
place continuously at temperatures below the boiling point.

Condensation is the reverse of evaporation. Some particles of water vapour may lose
energy in collisions with other particles and, if they are near the surface of liquid water,
they will be attracted by the particles of the water and then become part of it. Particles
of a gas which lose energy as a result of collisions with 2 solid surface, at a lower
temperature than the water vapour, may form liquid water on the solid surface. (The
word ‘vapour’ rather than ‘gas’ is often used for the gaseous form of a substance which is
liquid at room temperature. Strictly speaking a vapour can be liquefied by pressure

alone, unlike a gas which needs to have its temperature reduced before it can
condense.)

Boiling point

‘The boiling point of a pure substance (at a particular pressure) is a definite temperature
for that substance. Hence boiling point is a characteristic that may be used to identify a
particular substance. It may also be used to recognise a pure sample of it, or the
presence of impurity. Pure water boils at 100°C.

Condensation can occur at any temperature at or below the boiling point of the
substance. For example, water vapour condenses on cold windows, or on grass as dew.

Thermal capacity '

Water has a high thermal capacity. Water heats Lip more slowly than land, but once it
has become warm it takes longer to cool down. If the Earth’s surface were entirely land
the temperature at night would fall quite quickly and night would be much colder than
day, as it is on the Moon and as happens in inland deserts. The climate of the
continents is affected by the oceans around them. Areas close to the sea have a
maritime climate with rather cool summers and warm winters. Areas far from the sea
have a ‘continental climate’ with extremely hot summers and cold winters.

The uniqueness of water -
Water’s maximum density is at 4°C, so ice is less dense than liquid water.

4 The Teacher's View



Water

Water is a triangular molecule:
(@] \
/ |

Even though it is neutral overall, there is a very slight separation of charges between the

H

oxygen atom and the hydrogen atom. The oxygen atom becomes negative (O-) and the
hydrogen atoms positive (H+). This gives rise to attractions between the oxygen atom
of one molecule with a hydrogen atom of another, forming a hydrogen bond. The
hydrogen bond is weaker than chemical bonds but stronger than other intermolecular
attractions. These hydrogen bonds are continually being broken.
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Figure I. The arrangement of water molecules in ice creates a very open structure whicl is, in fact, less
dense than water




Water

As water cools between 4°C and 0°C, more of these bonds are formed and the water
molecules take up a fully hydrogen-bonded, very open structure. As ice melts, some of
these bonds break and the structure collapses in on itself, becoming more dense.

‘The hydrogen bonding in water also means that it has an unexpectedly high boiling
point: water remains a liquid at much higher temperatures than would be expected for

a liquid of its molecular size.

The separation of charges also helps water to act as a solvent especially for ionic solids.




SOLIDS, LIQUIDS AND GASES

INVESTIGATING FREEZING AND MELTING USING A DATALOGGER

It has often been difficult to show pupils the temperature changes which take place
when a substance melts of freezes. Teachers have had to rely on using unfamiliar
substances such as stearic acid to demonstrate changes of state. Frequently the results

showing no change in temperature when the change of state takes place are not
convincing.

A datalogging device such as LogIT is ideal for investigating the process of melting and
freezing. The resulting graph shown on the computer screen is a useful and accurate
visual display of what happens. Electronic temperature sensors can be connected to the
datalogger and placed in different foods or suitable containers filled with water. These
can then be placed in the freezing compartment of a fridge or freezer. As the food or
liquid cools over a period of several hours the sensors accurately record the
temperature changes. This would not be possible with ordinary thermometers.

Once the food or liquid has frozen and reached below zero in the freezer it can then be
removed and allowed to slowly thaw. The temperature sensors can again be used to
monitor the temperature changes over a prolonged period of time. If sensors had been
implanted at different depths into the food item before freezing the results from

thawing would provide useful data to investigate questions about how long to leave food
to defrost before cooking.

A range of investigations can be easily carried out. For example, it is also possible to
look at the effect of adding substances to a pure liquid (for example, adding salt or
sugar to water).

Additional Materials: Using a Dataiogger Copyright Leeds National Curriculum Science Support Project, 1992



Solids, Liquids and Gases

The display shows the results obtained when a temperature sensor was placed in a small
container of water and placed inside a freezer. The results clearly show the
temperature changes which take place on freezing. When the same container of water
is allowed to thaw a similar graph (but in reverse) is obtained. The period (from A to
B) over which the water was actually freezing is clearly visible and strongly reinforces

the fact that during freezing (or melting) the actual temperature of the water/ice
remains constant.

Additionat Materials: Investigating Freezing and Melting Using a Datalogger



