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P urpos e

C ollege s tudents ’ c ommon pattern of 
c onc eptions   about volume in different 
tas k?  
Identifiable patterns  of their reas oning 

in their ans wers ?
S c ope of Unders tanding?
Implic ations  for teac hing the c onc ept 

of VOLUME ?   



Methodology

S ample:  
G roup 1- 4 P res ervic e E lem.  Teac hers
G roup 2- 3 C ollege S tudents  (1 E lem.  E d. ,            
1E nglis h and S panis h,  1 S pec ial E d. )
Data C ollec tion – Individual Interview in 
the las t F all 2005
Ins trument:  F our Different Tas ks  about 
Volume



Tas k 1

B oth c ups  are the s ame s ize but different 
thic knes s .

Compare volume of cups A and B. 
Which cup has more volume between A and B and why? 

3 mm 15 mm

A B



Tas k 2

B oth c lay balls  below are the s ame s ize.  

Compare volume of balls A and B. 
Which ball has more volume between A and B and 
why? 

A B

Air No Air



Tas k 3

C ompare the volume of two bowls .  

Compare volume of bowls A and B. 
Which bowl has more volume between A and B and 
why? 

A B

Empty Filled with Water



Tas k 4

C ompare the volume of two balloons  

Compare volume of balloons A and B. 
Which has more volume between balloons A and B and why? 

A B

Empty Filled with Water



R es ults



Q College (P) N=4 College (O) N=3

Q1-B
Q2-B 2 1
Q3-B 2 2
Q4-B 2 1 & 1 (Same)

Q College (P) N=4 College (O) N=3
Q1-A 4 3
Q2-A 2 2
Q3-A 2 1-Not Sure 
Q4-A 2 1-Not Sure

S tudents ’ C onc eptions  of Volume



Categories College (P) N=4 College (O) N=3

Space Occupied 2 1

Capacity 2 2

S tudents  C onc eptions  of volume
- Definition



R eas oning in S tudents ’
E xplanation

Categories College (P) N=4
(16 responses)

College (O) N=3
(12 responses)

Space Occupied Filled space -3*
Empty space -3

Filled space-3
Empty space-1

Capacity 9 3

Others (not sure, same) 1 5 (Same-2 not sure-3)

* The number means  number of individual res pons es



S ample G roup 1

- 4 E lem.  E d.  Majors  
- S eniors ,  
- All females ,  
- 12 s emes ter hours  of s c ienc e,



S tudent # 1
“Volume is  the amount of s omething in an objec t - c apac ity

Tas k 1- “C up A is  going to have a greater volume 
bec aus e it c an hold more s pac e ins ide”
Tas k 2- “B all B will have a greater volume holding 
c apac ity.
Tas k 3- “B owl B has  a greater volume bec aus e it’s  
holding water in it.  Well,  . .  It has  more optional volume 
s pac e.  It has  more opportunity to fill up bec aus e 
everything in it is  the volume and right now there ’s  only 
air in it…. .  B oth have the s ame volume only if they’re 
both filled up with the s ame thing. ”
Tas k 4- “B aloon B has  a greater volume bec aus e of the 
water in it.  The other one has  the opportunity to hold the 
volume and if it had to s tay the exac t s ame s ize,  you 
c ould fill it up with the exac t s ame amount. ”



S tudent # 2
“Volume is  the s pac e that is  taken up ins ide of an objec t - s pac e oc c upied

Tas k 1- “C up A would be more s pac e ins ide,  s o 
there ’s  more volume. ”
Tas k 2- “I really don’t know whic h one has  more 
volume.  A has  a higher volume.  B ut B  has  a high 
volume bec aus e there’s  only air in it s o there ’s  
more room. ”
Tas k 3- “B owl B has  more volume . .  bec aus e 
you c an meas ure the volume that’s  in there 
bec aus e there ’s  s ubs tanc e in there. “
Tas k 4- “I think I would s ay the s ame thing.  I 
would s ay the water- filled one (B ) has  more 
volume bec aus e you c an meas ure the s pac e 
taken up”



S tudent # 3
“Volume is  the s pac e ins ide of an objec t that is  oc c upied –
s pac e oc c upied

Tas k 1- “C up A has  more volume bec aus e 
it c an hold more s pac e ins ide”
Tas k 2- “B all A is  going to have more 
volume bec aus e it has  more s pac e than 
B all B  that all the s pac e is  oc c upied. ”
Tas k 3- “B owl A has  more volume. ”
Tas k 4- “B allon A has  more volume. ”



S tudent # 4
“Volume is  how muc h s pac e is  ins ide of an objec t -
c apac ity

Tas k 1- “C up A has  more volume bec aus e 
there’s  more s pac e that c an be taken up. ”
Tas k 2- “I think maybe B all A will have 
more volume bec aus e there’s  more room. ”
Tas k 3- “I would s ay B owl A has  more 
volume bec aus e there’s  a lot more s pac e 
in it available. ”
Tas k 4- “B aloon A would have a bigger 
volume bec aus e the water takes  up s pac e 
and nothing els e would fit in there. ”



S ample G roup 2
S tudent A-

– G ender:  Male
– Year in S c hool:  S enior
– Major:  E lementary E duc ation
– S c ienc e B ac kground:  S ome high s c hool and 12 hours of c ollege 

c ours es  in s c ienc e
S tudent B -

– G ender:  Female
– Year in S c hool:  S enior
– Major:  E nglis h and S panis h 
– S c ienc e B ac kground:  High s c hool and 18 hours of c ollege c ours es  

in s c ienc e (P hys ic s ,  B iology,  C hemis try)
S tudent C -

– G ender:  Female
– Year in S c hool:  S enior
– Major:  S pec ial E duc ation
– S c ienc e B ac kground:  B iology and C hemis try c las s  in high s c hool 

and C hemis try c las s  in c ollege



S tudent # 1
“Volume is  how muc h mas s  s omething is ,  I gues s .  How 
muc h,  like,  let’s  s ee,  it is  oc c upied by. ” – S pac e oc c upied

Tas k 1- “C up A has  more volume.  There 
is  more s pac e for liquid than B ”
Tas k 2- “B all B ,  bec aus e it oc c upies  
more s pac e.  There is  no room for air 
c ompared to A. ”
Tas k 3- “B  has  more volume.  S omething 
is  oc c upying more s pac e- other than 
air ins ide of it. ”
Tas k 4- “B  has  more volume.  That’s  
bec aus e water has  more mas s  than air. ”



S tudent # 2
“Volume is  how muc h c an fit in s omething;  how muc h of 
s omething there is  in s omething. ” - c apac ity

Tas k 1- “A has  a greater volume bec aus e it is  
bigger.  There is  a 12mm differenc e.  144 
times  height of differenc e of volume times  pi. ”
Tas k 2- “A has  more volume of air and B  has  
more volume of c lay. ”
Tas k 3- “A has  more volume of air and B  has  
more volume of water. ”
Tas k 4- “A has  more volume of air and B  has  
more volume of water.  Ac tually,  they are 
probably all equal.  (R eferring to volumes  of 
all objec ts  pres ented)”



S tudent # 3
“How muc h s omething c an hold.” - c apac ity

Tas k 1- “I don’t remember!  (P aus es  for 
about 62 s ec onds  and thinks )  (As ks  me) 
S o A would be bec aus e it c an hold 
more? ”
Tas k 2- “A,  I don’t know why,  maybe 
more open areas . ”
Tas k 3- “I’m c onfus ed if it’s  how muc h 
fits  in or how muc h open s pac e. ”
Tas k 4- “A and B  are the s ame bec aus e 
they hold the s ame amount. ”



C onc lus ion

The s tudents  were not c onfident with 
their ans wers  and res pons es  to the 
ques tions .
Many of their ideas  were 

mis c onc eptions  or not fully developed 
ideas  about volume.
The s tudent have multiple dimens ions  

of unders tanding about the c onc ept of 
volume.



Model of Unders tanding S truc ture

Nominal Unders tanding – S tudents  often c ome 
to c las s  with.

F unc tional Unders tanding – S tudents  c an 
des c ribe a c onc ept but have a limited unders tanding of it.

S truc tural Unders tanding – S tudents  (a)  develop 
pers onal relevanc e and are interes ted in the s tudy of a c onc ept,  
and (b)  c ons truc ted appropriate meaning of the c onc ept from 
experienc es .  

Mature Unders tanding – S tudents  obtain additional 
knowledge or s kills ,  and (c )  apply knowledge of a c onc ept to 
related s ubjec ts  and to s olve a problem or ans wer a ques tion.  

Modified from Developing B iologic al Literac y,  B S C S ,  1993.



Teac hing G oal?

How far c ould/s hould/mus t we teac h in 
terms  of the Unders tanding Model?  

How far are we able to ac hieve the 
teac hing goal in light of the Model?  



S trategy of Teac hing for 
Unders tanding

Knowing

E xplaining

Applying 

Teac hing
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