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S U M M A R Y  This study rests on the belief that Science Education is a fundamental tool for 
global education and that it must be introduced from the early years informal schooling as a 
first step to a scientific culture for all. The question is to make clear what to learn and how to 
teach in a way that is both motivating for children and conceptually sound. A didactic strategy 
for developing the learning of concepts such as dissolution and floating in water was conceived 
as part of an in-service course involving 90 Portuguese primary school teachers. About 1800 
pupils participated in the validation of that strategy in 90 classrooms. 

The adopted strategy was based upon an experimental work approach, using everyday 
life contexts which are familiar to children (for example, to suck sweets and to observe the 
behaviour of fruits and vegetables in water). 

The main steps of such a methodology, as well as some child learning outcomes, are 
here presented and discussed. 

RESUME Cette dtude postule que l'dducation scientifique est un instrument fondamental 
pour l'dducation dans son ensemble et qu'elle doit ~tre introduite des Ies premieres ann~es de 
la scolaritd en tant que premiere ~tape d'une culture scientifique pour tous. La question est alors 
de savoir ce qui est ?l apprendre et comment l'enseigner d'une fa¢on qui soit motivante pour les 
enfants et conceptuellement addquate. Une stratdgie didactique, visant l'apprentissage de 
concepts tels que la dissolution dans l'eau ou la flottaison, a ~td con~ue dans le cadre de la 
formation continue de 90 enseignants de l'&ole ~l~mentaire. Pres del800 ~leves de 90 classes 
ont participd ?t la validation de cene strat~gie. 

La strat~gie adopt& s'appuie sur une approche expdrimentale utilisant les contextes 
de vie quotidienne familiers aux enfants (sucer des bonbons et observer le comportement des 
fruits et des ldgumes dans l'eau). 

Sont ici pr&entds et discutds les principales dtapes de cette mdthodologie ainsi que 
quelques r~sultats concernant les apprentissages des enfants. 

Z U S A M M E N F A S S U N G  Diese Arbeit hat als Voraussetzung, dass wissenschaftliche 
Bildung ein grundlegendes Bestandteil der B ildung fiir alle ist, und dass sie schon in den ersten 
Jahren der Schulzeit eingefiihrt werden soll. Die Frage ist zu klf&en, was lernen ist und wie 
es den Kindern in einer motivierenden und n~tzlichen Art beizubringen ist. In dieser Arbeit 
wurde eine didaktische Strategie fiir das Lernen der Begriffe, 'Aufl6sung" und "Schwanken' im 
Wasser entwickelt, die im Unterricht von 90 Grundschullehrern in 90 Klassen, in welchen 
ungefdhr 1800 Schiiler teilgenommen haben, bestdtigt wurde. 
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Die Strategie benutzte eine experimentelle Perspektive, die vertrauliche Zusammenhfinge 
fidr die Kinder anbot (Bonbons zu lutschen, das Verhalten von Obst und Pflanzen im Wasser 
zu beobachten). 

Die methodologische Etappen werden hier vorgestellt und diskutiert, sowie die Belege, 
dass die Kinder gelernt haben. 

RESUMEN El estudio parte del supuesto de que la educaci6n en el drea de ciencias es un 
componente fundamental en una educaci6n que quiere ser global y que, por tanto, se debe 
introducir desde los primeros a~os escolares como el primer paso para conseguir una cultura 
cientffica para todos. La cuesti6n bdsica a clarificar es qu~ se debe aprender y c6mo se puede 
ense~ar a los ni~os de una forma que sea simultdneamente motivadora para los ni~os y 
conceptualmente s61ida. 

En un programa de formaci6n en servicio en el que participaban 90 profesores 
portugueses de escuela primaria se desaroll6 una estrategia diddctica para el aprendizaje de 
conceptos como el de 'disoluci6n" e de la 'flotaci6n en el agua'. Posteriormente tal estrategia fue  
validada a travds de su puesta en prdctica en 90 clases con la participaci6n de alrededor de 1800 
ni~os. 

La estrategia utilizada estaba basada en un enfoque de trabajo experimental usando 
los contextos de vida cotidiana que son familiares a los ni~os (tales como chupar caramelos y 
observar el comportamiento de las frutas e de los vegetales sumergidos en el agua). 

Keywords: Pr imary  school  science; Fai r - tes t  exper iments ;  Fami l ia r  contexts;  Dissolv-  
ing; Floatat ion.  

Science  e d u c a t i o n  as a c o m p o n e n t  of  g loba l  educat ion  for c i t i z e n s h i p  

Social changes  that  are  occur r ing  on a w o r l d  scale at the end  of this  cen tury  have  effects 
on economic  and o rgan i sa t iona l  life, wh ich  inev i t ab ly  have  an inf luence on the w a y s  
and  means  in fo rmat ion  and  k n o w l e d g e  are d i s semina ted .  It is this increas ing  d i ssemi-  
na t ion  which  t o d a y  a l lows  us to have  a grea ter  and  more  g lobal  awareness  of the 
wor ld ,  of societ ies and  of their  d i f ferences  and  contrasts .  Howeve r ,  it also a l lows us to 
be aware  of the s imi lar i t ies  as far as basic  educa t iona l  needs  are concerned  for be t te r  
m a n a g e m e n t  of the ava i lab le  resources  and  the search for so lu t ions  to in te rna t iona l  
p rob lems .  Inc luded  in these p r o b l e m s  are the o v e r p o p u l a t i o n  of the p lanet ,  the scarci ty  
of food,  the ove r -exp lo i t a t ion  of energy  resources  and  of the sub-soi l ,  the sp r ead  of 
ep idemics ,  the d e g r a d a t i o n  of the env i ronment ,  the d rug  t raff icking and  so on. These 
p r o b l e m s  requi re  count r ies  to act in concer t  to ma in ta in  equ i l i b r ium in the w o r l d  
(PNUD, 1999; 2000). 

The reso lu t ion  of these p rob lems ,  desp i t e  the fact that  they  rest  on economic 
interes ts  and  pol i t ica l  decis ions,  cannot  fail  to take into account  the scientif ic knowl -  
edge  which  exists  t o d a y  abou t  their  poss ib le  causes  and  consequences .  Never the less ,  
science i tself  does  not  a lways  pu r sue  the so lu t ion  of these p r o b l e m s  as its most  
i m p o r t a n t  concern,  because  scientif ic k n o w l e d g e  inc reas ing ly  d e p e n d s  on f inance 
d i spensed  b y  peop le  who  are not  a lways  concerned  only  about  the t ru th  or wha t  is 
good.  

Indeed ,  sc ient i f ic- technological  d e v e l o p m e n t  is ne i ther  l inear  nor  i n d e p e n d e n t  
of the d o m i n a n t  social  and  ethical  va lues  at any  m o m e n t  in t ime. Simi lar ly ,  a scientif ic 
v iew of the w o r l d  is not  the only  one possible .  However ,  in o rde r  to solve  a grea t  
n u m b e r  of ques t ions  the impor t ance  of scientif ic k n o w l e d g e  cannot  be ignored .  On ly  
science can p r o v i d e  a bas is  f rom which  the effects of t echno logy  on the e n v i r o n m e n t  
can be eva lua ted ;  only  science can he lp  to f ind so lu t ions  for the safety of the p lanet ;  
f inally,  only  scientif ic m e t h o d s  wil l  a l low sound  j udge me n t s  to be m a d e  on ques t ions  
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that  are in te rna t iona l ,  na t iona l  and  par t  of p e o p l e ' s  da i ly  l ives (Rutherford  & Ahlgren ,  
1990; Hodson ,  1998). 

It is wi th in  this  f r a m e w o r k  that  the impor t ance  of the pe r sona l  and  social  
educa t ion  of i n d i v i d u a l s  is seen, i nc lud ing  a sc ient i f ic- technological  componen t  wi th-  
out  which  this wi l l  not  be achieved.  Therefore,  it  is sugges t ed  that  every  i n d i v i d u a l  
shou ld  have  suff icient  sc ient i f ic- technological  k n o w l e d g e  to make  poss ib le  the unde r -  
s t and ing  of some i m p o r t a n t  p h e n o m e n a  in the wor ld  and  to take democra t i c  dec is ions  
in an in fo rmed  way,  f rom a pos i t ion  of sha red  social  respons ib i l i ty .  This pos i t ion ,  
a l t hough  a w i d e l y  d e f e n d e d  and  accepted  pr inc ip le  today ,  never the less  raises  p rob-  
lems abou t  the means  and  extent  to which  it can be achieved.  

Even t hough  formal  educa t ion  r ep resen t s  on ly  one pa r t  of each p e r s o n ' s  access 
to in fo rmat ion  and  g lobal  educa t ion ,  this  does  not  d imin i sh  the respons ib i l i ty  h e / s h e  
has  in con t r ibu t ing  t o w a r d s  social  demands .  The quest ion which  is pu t  then is that  of 
de f in ing  the b o u n d a r i e s  of scientif ic k n o w l e d g e  p r o p e r  for the school  context ,  in such 
a w a y  as to cont r ibu te  t o w a r d s  the i n d i v i d u a l  scientific cu l ture  and  as a founda t ion  for 
each pe r son  to b u i l d  on the d e v e l o p m e n t  of this knowledge .  

Early science education in school 

The need  to p r o m o t e  basic  sc ient i f ic- technological  educa t ion  for all f rom the first 
years  of school  has  been  a c o m m o n  theme  for the vas t  major i ty  of researchers  and  
educa to r s  in the l ight  of the above  discuss ion.  It is f rom this pe r spec t ive  that  it is 
a rgued  that  p r i m a r y  schools  wi l l  a lways  have  to create  some u n d e r s t a n d i n g ,  even  if 
s impl i f ied ,  of the process  and na tu re  of science, as wel l  as the d e v e l o p m e n t  of a 
scientif ic a t t i tude  t o w a r d s  p rob l ems  (Harlen,  1992). 

Some educa to r s  cons ider  that  science is diff icul t  to teach and  to learn,  as wel l  as 
that  some complex  concepts  can only  be t augh t  at more  a d v a n c e d  levels  of schooling.  
Moreover ,  scientif ic k n o w l e d g e  is f r equen t ly  v i e w e d  as i n d e p e n d e n t  of the context ,  
because  it is s u p p o s e d  to be va l id  for any  s i tuat ion.  Howeve r ,  an increas ing  n u m b e r  of 
au thors  a rgue  that  science teach ing  mus t  be o rgan i sed  a r o u n d  s i tua t ions  close to real  
life, in which  pup i l s  can u n d e r s t a n d  the va lue  of their  l ea rn ing  and  the app l i ca t ion  of 
scientific k n o w l e d g e  (Ayala ,  1996). Cer ta in ly ,  in the last  few years  research,  Science 
Educa t ion  has  s h o w n  the need  to revise  the ep i s t emolog ica l  bas is  of its teaching,  
pa r t i cu l a r ly  in the ear ly  years ,  in o rde r  to faci l i tate  more  adequa t e  in te rconnec t ion  
be tween  theory ,  obse rva t ion  and expe r imen ta t i on  in c lass room pract ice.  

In the first  place,  this  impl ies  the recogni t ion  that  pup i l s  have  ideas  or ' in formal  
theor ies '  about  m a n y  of the areas  that  formal  l ea rn ing  covers  and  which  affect the 
in t e rp re t a t ion  of da i ly  phenomena .  Teachers  shou ld  be aware  of these ideas ,  because  
they  can be or can lead  to, ' a l te rna t ive  concept ions '  which,  because  they of ten d iverge  
f rom acceptable  scientif ic concepts ,  funct ion as ep i s temolog ica l  obstacles  to the con- 
s t ruct ion  of new knowledge .  Such ideas  are  based  on ch i ld ren  ear ly  exper iences  and 
on the in te rac t ion  p r o v i d e d  by  adul t s ,  whe the r  it be a parent ,  f r iend  or  teacher.  

Howeve r ,  t h rough  an a d e q u a t e  formal  in terac t ion  wi th  adul t s ,  y o u n g  ch i ld ren  
m a y  deve lop  impor t an t  scientific skills,  such as observa t iona l  and  c lass i f ica tory  skil ls  
and  the ab i l i ty  to raise ques t ions  (Johnston,  1996). That  in terac t ion  m a y  (Johnston & 
Gray,  1999): 

• p r o m o t e  exper iences  wi th  a specific focus or l ea rn ing  objective; 
• funct ion as a role m o d e l  by  obse rv ing  and express ing  ideas  themselves ;  
• create  an o p p o r t u n i t y  for ask ing  ques t ions  to chal lenge  th ink ing  or deve lop  the 

exper ience  further;  
• act as mo t iva t ion  for ch i ld ren  to express  their  ideas  and  look for o ther  ex tended ,  

s imi lar  or new exper iences .  
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Secondly, it is recognised today  that y o u n g  people avoid science, considering it a 
closed and dogmatic  area of knowledge.  To combat  this posit ion requires adopt ing  
contextualised teaching from the beginning,  in which the importance of daily life is a 
fundamenta l  aspect. In this wa y  teaching should,  on the one hand,  concentrate on 
relevant personal  and social themes and, on the other hand,  be flexible enough  to adapt  
when  condit ions change (Pedretti & Hodson,  1995). 

Children acquire scientific, technological and practical knowledge  th rough  
their everyday  experiences, namely  in their homes,  in the classroom, playing,  travel- 
ling, shopping  .... Through  adequate  curricular activities these daily contexts may  be 
used to develop scientific knowledge  at school. Al though most  p r imary  school 
teachers would  agree that children learn in a holistic way,  we need to ensure that 
classroom science activities create opportuni t ies  to encourage similar, transferable 
skills (observing, problem-solving,  communica t ing  social and motor  skills) and proc- 
esses of thinking (prediction, speculating, evaluating) (Boorman & Rogers, 2000). 

Thirdly, it is now recognised that f rom a very early age children should be 
involved in practical activities with clear aims. In effect, children can develop from 
merely  manipulat ive and sensorial knowledge  to the establishment of causal relations 
and even to an interpretat ion of those relations th rough  explanatory models  (S~i et al, 
1996). 

This last principle, with its unavoidable  relationship with the two former ones, 
constitutes the basis of the devised pr imary  school activities here presented. 

Experimental  activity as a suitable  m e t h o d o l o g y  for early science educat ion 

Experimental  activity is nowadays  taken to be fundamenta l  in the learning of science 
by the majority of (if not  all) researchers and teachers. Nevertheless,  this position, 
which is more  or less generally accepted, does not imply  identical unders tand ing  
amongst  those who  defend it (Wellington, 1998). 

For some of them, the physical  involvement ,  like objects and materials manipu-  
lation in the classroom, represents,  in itself, a means a n d / o r  a type of learning with 
educat ional  value. A great variety of types of practical work  concerning the explora- 
tion of methods  and techniques (for example, weighing,  measuring,  using a pipette, 
filtering, prepar ing  slides for microscope,  bui lding electrical circuits...) are based upon  
this point  of view. Those who  take this posit ion tend to use diverse means in order  to 
improve manual  techniques to increase the r igour of the results obtained. Taking as an 
example the determinat ion of the mass of an object, concern is focused on f inding the 
answer  using different kinds of scales. In the same way,  the measurement  of the 
volume of a liquid wou ld  be done by using graduated  flasks, test-tubes, burettes and 
pipettes, in order  to prove that the physical  quant i ty  value depends  on the inst rument  
used. 

Others, however ,  defend the learning of methods  and techniques as a means of 
giving answers  to quest ions for which they are fundamental .  In this group,  there are 
various unders tandings  concerning the nature of these questions. For some people, the 
activities are of a markedly  academic nature,  as the case of the verification of mass 
conservat ion in chemical reactions or the determinat ion of the distances bodies 
moving  at different velocities have travelled when  they come to rest. Others prefer 
activities which put  in evidence the inadequacy of pupi ls '  alternative conceptions,  
which is the case with the belief that mass varies dur ing a change of state. Yet others 
select activities which allow solutions for problem-si tuat ions generated in familiar 
contexts, as is the case in the calculation of the minimal  distance that two moving  
vehicles should maintain between each other so that, if the first one stops, the second 
can stop wi thout  hitting it. 
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But expe r imen ta l  ac t iv i ty  has s ta r ted  to be b rough t  into ques t ion  for o ther  
reasons .  For some educa to r s  there  is no one un ique  means  of exper imen ta l  work  which  
shou ld  be g iven  p r ide  of place.  Ins tead,  there  is r oom for d iverse  forms accord ing  to 
the a ims of wha t  is be ing  done.  Thus, it is poss ib le  to see some va lue  in demons t r a t i ons  
g iven  by  the teacher  when  dea l ing  wi th  such th ings  as the m a n i p u l a t i o n  of dange rous  
objects and  mate r ia l s  (like the reac t ion  of s o d i u m  wi th  water) .  However ,  this  w o u l d  
not  be a defens ib le  pos i t ion  in the case of the m e a s u r e m e n t  of the vo lume  of a l iquid  
wi th  a p ipe t te ,  whe re  p u p i l s '  ab i l i ty  could  only  be d e v e l o p e d  th rough  di rec t  ma n ipu -  
lat ion.  

F rom the ep i s t emolog ica l  po in t  of v iew,  expe r imen ta l  w o r k  can also be seen 
th rough  its r e la t ionsh ip  to the theore t ica l  conceptua l  domain .  Some use it to check 
laws and p r inc ip les  p r ev ious ly  covered ,  whi l s t  o thers  de fend  it as a means  of reaching  
them 2 . There are also those who emphas i se  the need for invest igat ive  exper imenta l  
act ivi t ies ,  o rgan i sed  in such a w a y  that  the searching  of so lu t ions  for p rob lems ,  as wel l  
as the fo rmula t ion  of hypo theses  and  the des ign  of exper imen t s  are de f ined  by  pup i l s  
w i th  the he lp  of the teacher.  

We cons ider  this  last  pe r spec t ive  to be the one which  gives mos t  educa t iona l  
va lue  to expe r imen ta l  work ,  the only  one which  permi t s  a r ep ly  to ques t ions  that  
theory  does  not  resolve  alone and which  a l lows  pup i l s  to recognise  the na tu re  of 
scientif ic  act ivi ty.  

The ques t ion  which  now ar ises  is the concept ion  of act ivi t ies  that ,  based  on the 
logic men t ioned  above,  can be re levan t  and  useful  for p u p i l s '  learning.  This is whe re  
the choice of contexts  fami l ia r  to the pup i l s  is fundamenta l ,  a s suming  that  the 
p rob lem-s i tua t ions  to inves t iga te  have  a conceptua l  f ramework .  

This pr inc ip le ,  app l i cab le  to science educa t ion  in genera l ,  becomes  a lmos t  
ob l iga to ry  when  th ink ing  abou t  the first  years  of school ing (Johnston, 1996). For 
ch i ld ren  at this  age, the idea  of famil iar  contexts  mus t  be u n d e r s t o o d  as someth ing  in 
their  pe r sona l  l ives,  name ly  concern ing  re la t ionsh ips  wi th  objects,  phe nome na ,  places,  
l iv ing things,  f rom their  da i ly  lives. 

In fact, mean ingfu l  contexts  are fundamen ta l  in s t imula t ing  ch i ldren ' s  involve-  
men t  in the l ea rn ing  process .  Choos ing  contexts  that  a l low them to think,  to do  th ings  
by  themselves ,  to ask quest ions ,  to take control  and  to make  dec is ions  is a re levant  w a y  
to p rov ide  oppor tun i t i e s  that  enable  ch i ld ren  to use their  own  in te l lec tual  skil ls  and  to 
extend and  deve lop  them to meet  new chal lenges  in science l ea rn ing  (Blenkin & Kelly,  
1996). To reach these oppo r tun i t i e s  requi res  t ime,  space,  in terac t ion  wi th  ch i ld ren  and  
the des ign  of act ivi t ies  wi th  ch i ld ren  and  the des ign  of act ivi t ies  bui l t  on the exper i -  
ences they  have  b rough t  to the s i tuat ion.  

These are the basic  ideas  which  g u i d e d  the choice and  o rgan i sa t ion  of the 
act ivi t ies  that  are  p re sen ted  in the next  section. 

Experimental activities using familiar contexts 

In the first  years  of school ing,  it is usua l  and  makes  sense to explore  the concepts  which  
a l low the u n d e r s t a n d i n g  of mate r i a l s  and  objects b e h a v i o u r  when  in contact  w i th  
water .  Wate r  is an ind i spensab le  subs tance  for life, whe the r  for its d i rec t  use (food, 
pe r sona l  hygiene ,  c leaning . . . .  ) or for its use in indus t ry ,  agr icul ture ,  in pas t imes  and  
leisure,  or even  as a means  of t ranspor t .  Its mu l t ip l e  funct ions  p r o b a b l y  make  it one of 
the subs tances  ch i ld ren  know best.  Its abundance  also leads  to the idea that  l iqu ids  in 
genera l  conta in  wa te r  (Driver  et al, 1994). On the other  hand ,  the t e rm wate r  is used  in 
da i ly  life to des igna te  th ings  which  real ly  are aqueous  solut ions  (seawater ,  tapwater, . . . ) .  
The grea t  n u m b e r  of p h e n o m e n a  assoc ia ted  wi th  the behav iou r  of mate r ia l s  in water ,  
as is the case wi th  d i s so lv ing  and f loat ing,  just if ies  ch i ld ren  s ta r t ing  wi th  u n d e r s t a n d -  
ing these. 
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The act ivi t ies  desc r ibed  in this p a p e r  were  e xpe r ime n t e d  in the c lass room wi th  
pup i l s  f rom 6 to 8 years  old  and  t r ied  to deve lop  aspects  re la ted  to these two concepts  3 . 

As far as d i s so lv ing  is concerned  (Act iv i ty  1), p u p i l s  had  the o p p o r t u n i t y  to 
unde r s t and ,  for example ,  the impor t ance  of the vo lume  of the solvent ,  the impor t ance  
of the mass  of solute,  the impor t ance  of mixing,  the impor t ance  of the state of d iv i s ion  
of the so lu te  and wha t  k ind  it is. 

In the case of f loat ing (Act ivi ty  2), there  was  room for the exp lo ra t ion  of some 
factors that  condi t ion  and  do  not  cond i t ion  the b e h a v i o u r  of objects in contact  w i th  
wate r  and  also wi th  o ther  l iquids .  

For each of the cases, the teacher  chose one of pup i l s '  real- l i fe  s i tua t ions  which  
is c o m m o n  in their  d a y - t o - d a y  l ives and  where  the respec t ive  concept  is i m p o r t a n t  for 
the u n d e r s t a n d i n g  of the phenomenon .  This s i tua t ion  was  p l a y e d  out  by  the pup i l s  in 
the c lass room as a s ta r t ing  po in t  for the subsequen t  activit ies.  At  this s tage there  was  
no  ins t ruc t ion  g iven  b y  the teacher,  so that  p u p i l s  b e h a v e d  as they  w o u l d  normal ly .  
F rom this po in t  on, act ivi t ies  were  con t ro l led  by  the teacher,  inc lud ing  the def in i t ion  
of p rob lem-ques t ions ,  the ident i f ica t ion  of i n d e p e n d e n t  var iables ,  the cons t ruc t ion  of 
hypo theses ,  the p l ann ing  of expe r imen t s  to test these,  the ca r ry ing  out  of these p lans  
and  the answers  to the ini t ia l  quest ions .  These answers  led to the fo rmula t ion  of new 
ques t ions  which  the ini t ia l  p r o b l e m  had  not  ye t  ra ised.  

E v e r y d a y  exper iences ,  such as d i s so lv ing  a sweet  and  f loat ing po ta toes  and  
app les  in water ,  can also he lp  ch i ld ren  to exper ience  f i rs t -hand,  inves t iga t ive  lea rn ing  
and,  at  the same t ime,  to deve lop  their  mo to r  skil ls ,  control ,  h a n d - e y e  coord ina t ion ,  
ho ld ing  . . . . .  Moreover ,  they  also p r o v i d e  oppor tun i t i e s  for ch i ld ren  to deve lop  social  
skil ls  in coopera t ion ,  communica t i ng  ideas ,  t ak ing  turns ,  shar ing,  he lp ing  and  work-  
ing as a g roup .  

Act iv i ty  1: D i s s o l v i n g  a s w e e t  

Everyday life context 

All  ch i ld ren  f rom an ear ly  age like to suck sweets  and  have  a l r e a dy  not iced  that  it is 
poss ib le  to take d i f ferent  amoun t s  of t ime to eat  a sweet .  The act of sucking  a sweet  is 
s imu l t aneous ly  a p leasure  for ch i ld ren  and  a s i tua t ion  in wh ich  d i s so lv ing  takes  place.  
There are, however ,  some differences  b e t w e e n  the real  s i tua t ion  and  the academic  
context  of tes t ing and  control  of d i s so lv ing  a solute  in a solvent .  A l t h o u g h  these 
di f ferences  do subs tan t i a l ly  d iv ide  one context  f rom the other,  the d idac t ic  exp lo ra t ion  
of the real  one a l lows the u n d e r s t a n d i n g  of the p h e n o m e n o n  of d i s so lv ing  a solid in 
a l iquid.  

Classroom context 

• Teacher  gave  each of the  pup i l s  a swee t  and  asked  them to suck it, w i thou t  o ther  
ins t ruct ions .  

• Teacher  obse rved  pup i l s  d iscreet ly .  When  h e / s h e  saw that  some of them had  
a l r eady  ea ten  the sweet  s ta r ted  a series of quest ions:  

"Who has already finished the sweet?" 
"Who still has some left?" 
"Why have some of you already finished and others not? 

These ques t ions  i n t ended  that  pup i l s  focus on this fact in o rde r  to f ind an exp lana t ion  
for it. This is whe re  s t ruc tu red  act ivi t ies  b e g a n  and  fo l lowed  a scientific me thodo logy .  
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• Teacher  began  by  l i s tening to the answers  pup i l s  gave  to the ques t ions  asked.  
Here  are some examples :  

"I ate the whole sweet because I sucked it quickly" 
"I ate it all because I bit it" 
"I ate it all because I moved it around in my mouth a lot" 
"I still have a little because I didn't move it around much" 
"I still haven't  f inished it because I only sucked it a f e w  times" 

Each of the answer s  a l l owed  the teacher  to use it to explore  the factors that  affect the 
d i s so lv ing  of a sweet  in water .  

Ques t ions  for  invest igat ion 

• Teacher  sys t ema t i sed  the reasons  that  pup i l s  p re sen ted  as jus t i f icat ions  for hav ing  
f in ished  or not  hav ing  f in ished ea t ing  the sweet.  

• Terms used  b y  pup i l s  were  d i scussed  and  then t r ans fo rmed  into the respec t ive  
te rms used  in scientif ic language:  

"bit" - d i v i d e d  into smal le r  p i e c e s / c r u s h e d ,  g r o u n d  down;  
"moved around" - mixed;  
"sucked" - a d d e d  solvent .  

F rom this po in t  on p u p i l s  were  able, w i th  the he lp  of the teacher,  of iden t i fy ing  factors 
which  inf luence  the t ime it takes to d i s so lve  a sweet  in water :  

the size of the sweet;  
the type  of sweet;  
the state of d iv i s ion  of the sweet;  
the vo lume  of water ;  
the m o v e m e n t  of the sys tem sweet -water .  

Each of the factors corresponds  to an independen t  variable whose effect on the dependen t  
variable (time to dissolve) can only be evaluated  by  controll ing the other variables. 

Each factor a l l owed  the fo rmula t ion  of a specific ques t ion  (by the teacher)  and  
of hypo thes i s  to expla in  it (by the  pupi l s ) ,  wh ich  bas ica l ly  come from the e v e r y d a y  life 
context  p r ev ious ly  explored .  Some examples  of these ques t ions  are: 

Ques t ion  1: Does  a smal le r  or a la rger  sweet  d i sso lve  more  quickly  (in less t ime)? 
Ques t ion  2: Do all the sweets  take the same t ime to d issolve?  
Ques t ion  3: Does a whole  sweet  take the same t ime to d i sso lve  as a c rushed  sweet? 
Ques t ion  4: Does the a m o u n t  of wa te r  the sweet  is pu t  into affect the t ime it takes  to 
d isso lve?  
Ques t ion  5: W h e n  you  move  a sweet  a r o u n d  in wa te r  does  it take more  or less t ime to 
d isso lve?  

Exper iments  

Each ques t ion  dea l s  w i th  the s tudy  of a d i f ferent  i n d e p e n d e n t  var iab le  in the process  
of d issolving.  Because of this,  it is essent ia l  that  ch i ld ren  recognise  that  the answer  to 
each of these ques t ions  wil l  on ly  be va l id  if the expe r imen t  is conduc ted  keep ing  the 
other  var iab les  constant .  The role of the teacher  is to ensure  the p u p i l s '  p l a n n i n g  of the 
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right experiment  for each question, part icularly the independent  variables chosen and 
the dependent  variables to be measured.  

The control  of variables demands  the experiment  to be carried out  in a labora- 
tory setting in which it is possible to evaluate: 

the time taken to dissolve (using a clock or a chronometer) ;  
the mass of solute (using weight  scales); 
the division state of the solute (using a mortar); 
the volume of solvent (using graduate  cylinders or flasks); 
the mot ion  of the solute-solvent system (using a stirring rod). 

Based on these principles, an experiment  was designed for each of the quest ions (with 
the help of teacher) and carried out  by pupils. The collected data were recorded by each 
group  and, interpreted and discussed in the class. 

For each experiment,  the p lanning board  model  filled in by children was that 
put  forward  by Goldswor thy  and Feasey (1997), which involves the fol lowing steps: 

what  we are going to change ( independent  variable being studied)? 
what  we are going to measure  (dependent  variable chosen)? 
what  we are going to keep the same ( independent  constant  variables)? 
how we are going to record the data (list, table, graph,  ...)? 
what  equipment  is needed (sweets, flasks, water,  cylinders,  scales, clock, mortar,  
rod .... )? 
what  we think will happen  (preview of results)? 

In Table 1, the application of this model  to the five questions is presented.  After each 
of the five experiments  has been carried out, pupils  were invited: 

to record data (the time to dissolve completely each sample) in the second column; 
to compare  the recorded data with they thought  it would  happen;  
to produce answers to the questions they started with (which led to the experiments); 
to give new predict ions for the new questions arising from the experiments.  

Children learning outcomes 

The teacher and children carried out experiments  which al lowed pupils  to test that: 

• The larger the mass of solute (the sweet) the longer the time needed for it to dissolve 
completely (Question 1). 

• Different kinds of solutes (sweets) take the same time to dissolve or not (Question 2). 
• The greater the division of the solute (sweet) the less time it takes to dissolve 

completely (Question 3). 
• The greater the vo lume of solvent (water) the less time it takes to dissolve 

completely (Question 4). 
• The more agitated the system the less time it takes to dissolve completely (Question 5). 

These results should  be considered valid within the limits used in the experimentat ion 
(a certain solute; a certain solvent; a solute-solvent relationship within the limits of 
solubility of this solute in this solvent at room temperature).  For this reason, it is 
impor tant  that  the teacher has previously  tried the required amount  of solvent. 

After the teacher has made  sure of pupi ls '  unders tand ing  about  the meaning  of 
these results (still in a cause-effect relationship), they were involved in the construc- 
tion of new predict ions th rough  answer ing questions put  by  the teacher, for example: 
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"How could we reduce the time necessary to dissolve a sweet by half?" 
Some p u p i l s '  answer s  were:  
- "st irring a lot... " 
- "crushing ..." 
- "using more water ..." 

Moreover ,  p u p i l s '  were  also able to p red ic t  the resul ts  coming  from the conjuga t ion  of 
two or more  of these factors.  

Act iv i ty  2: Float ing potatoes  and apples  in water  

Everyday  life contex t  

The p r e p a r a t i o n  of food at home  is famil iar  to ch i ld ren  from ve ry  ear ly  on and,  because  
of this,  can p rov ide  a f avourab le  context  t h rough  which  to observe  the b e h a v i o u r  of 
objects. For example ,  all ch i ld ren  wil l  a l r e ady  have  seen that  when  po ta toes  are p laced  
in wa te r  they sink and that  carrots ,  t u rn ips  and  app les  float. 

Classroom contex t  

• In a deep  conta iner  wi th  a lot of water ,  teacher  p l aced  an app le  and  a po ta to  (bigger  
than  apple)  and  asked  pup i l s  to observe.  

• Teacher  asked  w h y  the app le  f loats and  the po ta to  sinks. 
• Answer s  f rom the pup i l s  were:  

"the potato is heavier than the apple" 
"the potato is bigger than the apple". 

These repl ies  a l l owed  teacher  to ques t ion  pup i l s  abou t  the reasons  these objects f l o a t /  
do  not  f loat  in water .  

Ques t ions  f o r  inves t igat ion  

• Wi th  the he lp  of the teacher,  pup i l s  l i s ted  the factors that  they  be l i eved  inf luence 
f loat ing:  

- the mass  of the object; 
- the size of the object; 
- the he igh t  of the l iquid  in the conta iner .  

• For each of these factors ( i ndependen t  var iab les  pu t  f o rw a rd  by  the pupi l s )  a 
specific ques t ion  was  fo rmu la t ed  by  the teacher:  

Ques t ion  1: Does the po ta to  s ink because  it is heav ie r  than the app le?  (this is the same 
as: does  the app le  f loat  because  it is l ighter  than the pota to?)  
Ques t ion  2: Do b ig  and  smal l  po ta toes  a lways  sink? (this is the same as : do large and  
smal l  app les  a lways  float?) 
Ques t ion  3: Does  the he igh t  of the wa te r  in the conta iner  affect whe the r  the a p p l e s /  
po ta toes  f l oa t / s i nk?  
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Experiments 

These ques t ions  were  a n s w e r e d  by  the pup i l s  in a w a y  that  is sc ient i f ical ly  unaccept -  
able. For instance,  the answer  to ques t ions  1 and 3 was  f requent ly  af f i rmat ive  and 
nega t ive  for the ques t ion  2. So, the f ind ing  of an adequa te  answer  requi res  a fair- test  
expe r imen t  which  could  p rove  to p u p i l s  the l eg i t imacy  or not  of their  p red ic t ions .  

As in Act iv i ty  1, the expe r imen ta t i on  fo l lowed the scientif ic mode l  fair- test ing.  
In all  of the ques t ions ,  the d e p e n d e n t  var iab le  is the b e h a v i o u r  of an object  in wa te r  
( f loa t ing / s ink ing) ;  the i n d e p e n d e n t  var iab les  to be tes ted  are the mass  (Ques t ion  1), 
the size (Ques t ion  2) and  the d e p t h  of the  l iquid  (Ques t ion  3). 

In Table 2, the s u m m a r y  of the exper imen t s  is shown.  

TABLE 2 

Exper imen t  des igned  Wha t  we test Wha t  we pred ic t  
for 

Q1. The inf luence of 
the mass  of the object  
on f lo ta t ion 

Q2. The inf luence of 
the size of the object  
on f lo ta t ion  

Q3. The inf luence of 
the d e p t h  of the 
wa te r  on f lo ta t ion  

The b e h a v i o u r  of an app le  
& 3 po ta toes  (bigger,  the 
same mass ,  & smal ler  than 
the apple)  in wa te r  

The b e h a v i o u r  of po ta toes  
in wa te r  (whole,  halves ,  
in smal l  pieces)  

The behav iou r  of a 
po ta to  (or p iece  of pota to)  
in wa te r  in 3 conta iners  of 
c lear ly  d i s t ingu i shab le  
d i f ferent  dep ths  

"the apple will float" 
"the biggest potato will sink" 
"potatoes of the same size 
& smaller than the apple will 
float" 

"the whole potato will sink" 
"the half a potato might 

float~not float" 
"the pieces of potato will 

float" 

"in the deepest container, the 
potato will float" 
"in the other containers, the 
potatoes will sink" 

Children learning outcomes 

The car r ied  out  expe r imen t s  a l lowed  pup i l s  to test  that: 

• Wha teve r  the mass  of the pota to ,  it wi l l  never  f loat  in wa te r  (Quest ion  1). 
• Wha teve r  the s i z e / s t a t e  of d iv i s ion  of the pota to ,  it wil l  never  float  in wate r  

(Ques t ion  2). 
• Wha teve r  the he igh t  of the wa te r  or the d e p t h  of the conta iner ,  the po ta to  wil l  never  

f loat  in wate r  (Ques t ion  3). 

Pupi l s  could  therefore  ver i fy  that  f loa ta t ion  does  not  d e p e n d  on the mass  or size of the 
object (potato) ,  nor  the quan t i t y  or  he igh t  of wa te r  used.  

When  faced wi th  the teacher  ques t ion  "What does the floatation of an object depend 
on ?', pup i l s  f requent ly  t ended  to r ep ly  that  it d e p e n d s  on its na ture  ("it floats because 
it is apple"; "it sinks because it is potato"). 
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It is not an easy task to explain the phenomenon to young children. It could 
nevertheless be shown that the behaviour of an object also depends on the kind of 
liquid it is placed in. Taking up the case of the potato once again, it is sufficient to place 
different sizes of potatoes in very salty water to be able to see that they all float. 

It is through these different behaviours of potatoes in liquids (water and salty 
water) that pupils begin to understand the phenomenon of floatation. At this point, 
they prove that floatation always depends on the system object-liquid and that the 
explanation cannot be based on looking at only one of these two parts. 

C o n c l u s i o n s  

The written and oral reports presented by the teachers involved in the activities 
allowed us to draw important conclusions about the desirable innovation in the 
teaching and learning of primary science. 

1. The joint development (by researchers/trainers and teachers) of activities to be 
carried out with pupils in the classroom seems to be an enriching methodology for 
teachers education, because it improves: 

• the scientific knowledge of each teacher, as well as his /her  desirable skills and 
attitudes in and about science; 

• the awareness of teacher's own scientific-didactic difficulties; 
• the teacher's confidence required to face new situations. 

2. The activities reinforced the idea (not always accepted) that even very young 
children may learn concepts and scientific procedures which are traditionally 
reserved for older pupils. 

3. The choice of contexts familiar to pupils, as a starting point for the formulation of 
problems concerning curriculum subjects, seems a promising, useful and motivating 
way to promote the learning of concepts with which they are associated. 

4. The use of everyday contexts opposes the idea that young pupils don' t  like to learn 
science. 

5. The adopted experimental methodology seems to be useful to favour the conceptual 
change of pupils' previous ideas in the domain under study. It also allows the 
development of important features of the early scientific learning process, such as 
observational and classificatory skills, the ability to raise and answer questions, the 
setting up of interrelationship between different features, and the development of 
important scientific attitudes (curiosity, perseverance, respect for evidence, self 
confidence and open-minded). 

6. The scientific approach to learning endorsed by this methodology offers (amongst 
other things) a safe stimulating environment for children to learn through 
exploration and experiments. 

In short, this scientific methodology affirms, reinforces and develops young children's 
emerging skills, which constitutes a desirable outcome of primary school science. 

NOTES 

[11 Study carried out with financial support of Portuguese Science and Technology Foundation/ 
PRAXIS XXI-Ministry of Science and Technology. 

[2] Discovery learning comes in the latter empirical position which, despite being around for 
30 years, is still frequently used. 
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[3] The activities were developed in 1998 through workshop training sessions which lasted 
eight hours each on an in-service for primary school teachers training course (three 
groups of 30 teachers per group). 
Teachers taught in a total of 19 official Portuguese primary schools from different regions 
and social settings. 
The discussion in each group and with the 3 researchers/trainers allowed each teacher to: 

• recognise their own ideas and conceptual difficulties; 
• compare different views on the usefulness and conduct of experimental activity; 
• foresee possible difficulties for the pupils with the themes under focus; 
• construct record sheets to use in the classroom; 
• differentiate levels of ability in experimental activity in accordance with the school year 

of the pupils; 
• deepen their scientific knowledge in the areas of the course. 

In this training course no rigid rules about the carrying out of activities in the classroom 
were set out. Nevertheless, each teacher was required to produce a final report of the 
work done, including pupil records. 
The evaluation of these records, whether in individual files or on posters produced 
together with each class, provided a collection of data which supported the suitability of 
the didactic proposals presented. 
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