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Task 2 Instructions  

 

Equipment 
Glass trough 

1000 cm3 cylinder 

500 cm3 cylinder 

250 cm3 cylinder 

100 cm3 cylinder 

Maize 

4 popcorns 

17 x 1 cm wooden cubes 

5 x 4 x 3 cm brass/ iron block 

2 lumps plasticine 5 x 4 x 3 cm 

Perspex 10 x 10 x 10 cm box 

2 feet stout thread 

250 cm3 beaker  

 

Question 1 
A is the 100 cm3 cylinder. B is the 250 cm3 beaker. 

Fill A in the tap. Emphasise that it is full. Pour it into B. Refill A. Put A and B 

alongside each other so that they can be seen. Put the questions. 

Question 2 
Fill A in the tap. Pour it into D. Refill A. Pour it in C. Refill A. Pour it into B. 

Refill A. Put all 4 together in a line so they can be seen. Put the questions. 

Question 3 

Emphasise that popcorn is made straight from the grains. Show them both- maize 

and popcorn. Let them drop on the bench so that they can hear the solidness of the 

grains.  

Question 4 

Make sure top of plasticine block is flat. Show them that 5 1 cm cubes measures 

the height, and then fit 12 cubes so that they just cover the top of the block. Count 

them in front of the class. Put the question.  
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Question 5 

Fill the 1000cm3 cylinder to overflowing point and stand in the trough. Show them 

the plasticine behind or in front of the cylinder just below the water surface (NOT 

in the water.). Put the question. (Emphasise that the volume of water is what is 

needed.) 

Question 6 

Use the thread to hang the plasticine block lengthways, by using it like a cheese 

cutter. Lower it into the water, showing the water overflowing. Remove the 

plasticine and refill to overflowing point. Put the question (Emphasise that it is the 

volume of the water that is wanted.) 

Question 7 

Pour water out of the cylinder until 500 cm3 remains. Say ‘If I lower the plasticine 

into the water until it is just under the surface, what will the water level in the 

cylinder be?’  

Question 8 

Actually roll the plasticine to make a sphere so that they can see you do it. Put the 

question (as compared with question 7)  

Question 9 

Roll the plasticine to a long thin sausage shape. Put the question (as Q. 7)   

Question 10 

Pass the metal block together with the plasticine block round the class so that they 

can ‘weigh’ both in their hands. Refill the 1000 cm3 cylinder to the top.  

Question 11 

Squeeze the plasticine so it makes a disc about 10 cm in diameter. Have the trough 

half full with water. Ask first question.  

Then lower it in. (it sinks) Take it out. Remove about 1/3 of it. Squeeze this 1/3 

into an even thinner disc. Put the second question, but do not demonstrate. 

Then take off a very small piece, so that squeezed as thin as will still hold together 

it is about 1 cm across. Show it to them and ask the third question.   

Question 12 

Show the 10 x 10 x 10 cm box. Say it is so light that they can forget about its own 

weight. Emphasise that the second box in question is just like it, but twice as tall. 

Repeat the information in question a. Show the box again and put the first 

question. 

Emphasise that it is very important to show the working/ reasoning being used.  
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When they have finished show the box again and read question b.  

Question 13 

This is a version of Archimedes and the King. Tell them that the King had a new 

crown made, which was supposed to be bigger and better than his old one. 

However, when it arrived the King suspected that his goldsmith has stolen some of 

the gold and mixed in some lighter metal (copper?) to make the weight up again. 

The King asked Archimedes to find out if the new crown was pure gold. 

Archimedes then set about measuring separately the volume of each crown, and 

the weight of each crown. Put the questions. If pupils ask, say he made a 

measuring cylinder large enough to a crown in.   

Question 14 

Explain that A and B are both made of the same metal, but the illustrations are not 

the same scale, so they cannot get the answer by looking at them. Put the question. 

Again, as in 12, they must show or explain how they get their answer.  
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Science Reasoning Task 

Task III  

This task investigates the students’ ability to sort out the effects of three variables: 

how the length, weight and push of a pendulum determine the period of oscillation 

(period of swing). Only the length is important but the student has to overcome 

strong intuitive feelings in order to realise this. The task should take approximately 

45 minutes.  

 

Materials:  

Stopclock 

2 weights (e. 100g and 400g on hangers)  

2 strings looped at either end (Loop to loop distances of 69cm and 35 cm will 

give about 17 and 22 swings in half a minute)  

Firm support to hang pendulum from.  

 

Administration  
There are not many questions in this TASK, so your skill as a teacher 

should be used for creating a comparatively relaxed and slow- moving 

situation in which the students get the maximum opportunity to reflect 

on the questions which are asked. At any stage feel free to re- phrase 

any question in any way, so that the problem for the students is the one 

on the page, and not that of understanding what the question is about. 

Here we are trying to maximise the possibility of finding the same 

range of responses which one might obtain by individual interview.  
 

1.  

Introduce the Task as a series of experiments to find out what factors 

determine how fast a pendulum swings. Talk through the first pages showing 

them the combinations, with your apparatus, which are given on the cover of 

their response sheets. “Gentle” and “Hard” may seem loose to you as a trained 

scientist but they do not worry the students. Occasionally at the end of the 

Task a few students complain that the push was not standardised, but there is 

no evidence to indicate that their performances were affected. Make sure they 

understand that ‘how fast’ means “How many swings in a given time” and not 

the velocity of the weights while swinging. Ask them to turn over, and write in 

the first combination of variables in the columns in the box opposite, and to 

make a wild guess about the number of swings. Perform the experiment by 

starting the weight at the bottom, and swinging it very gently out (keep a 

slight tension on the string so that it doesn’t ‘bounce’). Time whole swings, 

“Zero”, “One”, “Two”, etc., and stop the pendulum after ½ a minute. Round 

off the number of swings to a whole number. Ask students to record the result.  
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2.Ask them to write in the new combination of variables in the box opposite, 

tell them that their guess is again a ‘free’ one, and is just there to help them 

think, and perform as in 1. Again, ask students to record the result.  

 

3.Ask for their ideas about how the three variables affect the number of 

swings. We want answers of the form: “If its longer then ……”  

* The first three questions (1, 2, 3) are not assessed but are designed to help 

focus the students attention on the problem.   

 

4.It is hoped that by asking for their ideas in question 3 some students will 

then distinguish between their ideas and the evidence in 4. They will probably 

think that the two questions are the same, so point out that “ here we are 

interested in what, if anything, this particular couple of experiments show”. If 

they feel they have already answered this question, then of course they can 

write “see above”. The “if anything” is a hint to the intelligent child who 

might be worried that he/ she must deduce something from every experiment. 

Do not labour the point.  

 

5. Make sure they realise that there are THREE parts to their answers. (1) a 

new combination of Length, Weight and Push, (2) a reason for choosing it, 

and (3) an explanation of how it ties in with the first two.  

 

6& 7. This page tests their experimental economy, (a typical concrete 

operational strategy is to ‘try everything’ ) and their awareness that variables 

must be controlled. Explain in your own words that here we are trying to find 

out how they would have investigated this on their own. “How would they 

plan the experiments?” Let them write their combinations, and then draw their 

attention to the note in brackets, about being economical.  

 

8.Say that for this pendulum the “LONG”, “HEAVY”, etc. weren’t quite the 

same as for the one you demonstrated, ask them to imagine they are looking 

critically at someone else’s experiment so that they cant compare the values 

with 1 and 2. In this question we get the 3A response from the last part of the 

question, so for the question “What do they tell us about the effect of the 

PUSH?” emphasise that it is just these two results they should use, and ask 

them for a fairly explicit answer i.e. their deduction and also their reason for 

making it. This gives them the opportunity to give us a 3B response by 

pointing out that no proper deduction can be made. Read through the last part. 

Make sure they have all finished, and only then ask them to turn over to the 

last side.    

 

9.This question, page 4 is the most crucial part of the Task. Two more 

combinations of variables are demonstrated, and then Question 10 tests their 

ability to analyse the data reflectively. Here is where most of the evidence is 

gained as to whether a student is using late Formal Operational thinking.  

 

Note that the 4 combinations set up in Question 9&10 control the variables so 

as to allow for unambiguous deductions about the effect of LENGTH (Exp. 2 
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& 4) and WEIGHT (Exp. 1 & 4), but appear not to control the other variables 

in respect of PUSH. IN fact, once the effect of WEIGHT has been deduced, 

then Exp 2 and 3 can be used to deduce the (non) effect of PUSH, and the 

pupil is given a chance to show this, either in 10. (e) or in (g). It is difficult to 

spot that the evidence is still sufficient for PUSH, so in (g) a 3B assessment 

can be reached by the alternative strategy of explaining that, for PUSH, the 

other variables were not controlled.  

 

It is important that the data is as clear as possible. Ask them to write in the 

values from 1 and 2, to fill in the details for 9 (c) ,and to have a guess about 

the number of swings. Remind them that their guesses are not assessed, but 

are designed to help them in their thinking: if their guess is close to the 

experimental result then their thoughts are probably on the right track, but if 

not, then they know that they have to think again. Demonstrate 9 (c) and 

ENSURE that the answer is the same as 9 (b), ask them to record. For the 

Hard push, swing the pendulum about 30o from the vertical. Repeat the above 

for 9 (d) and this time make sure the answer is the same as 9 (a).   

 

Explain in your own words that using just these four experiments we want 

them to deduce the effect, and direction of each factor. E.g. “If you think they 

show that weight has an effect, then don’t just write ‘it has an effect’ but say 

‘If the weight is heavier then you get fewer/more swings in half a minute’”. 

Explain also that different combinations of the four experiments may be 

necessary for their various conclusions. Ask them to write in the box labelled 

“experiments” only those (from 9 (a)- (d)) they really need in order to make 

their deductions.  

 

9(g) In your own words point out that “maybe you found one of the factors 

rather more difficult to determine than the other two. If so, say which (and if 

not, that’s OK), and then you’ve a choice of answers. EITHER show how you 

used the evidence to make your deduction, OR explain why you think the data 

is insufficient”.    

 

NB. It is most important that you ensure that the number of swings recorded in 

9 (b) is the same as that in 9 (c), and that 9 (a) is the same as 9 (d). Otherwise 

students cannot make valid deductions in 10 (a- g).  
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Science Reasoning Task IV 

Instruction sheet   

 

Introduce the task by reference to the see- saw. Ask where an elephant and a mouse 

would have to sit if they wanted to balance. To get them thinking about the problem 

ask them to sketch the two figures on the seesaw. Discuss their answers and check to 

see that everybody understands that the heavier of the two should sit nearer the 

middle.  

 

1. In your own words say that in science we can do better that saying “heavy and 

light”, and “nearer and farther”, we can measure things. Show them the beam balance 

and then hold up a 100g hanger and a 300g hanger. Make sure you have the 300g on 

their right- so that it is the same as the diagram. Ask them to guess where the weights 

should be hung to balance and to draw in their guess in the middle box. Make sure 

they get used to writing the weights next to each hanger. This makes it easier to assess 

their answers.  

Neither the introduction nor the first two questions are assessed but are designed to 

give the pupils a chance to learn about the system. Show the right answer.    

Ask them to copy this into the answer box and explain why the particular arrangement 

balances.   

 

2.   Put 400g on the ruler. Ask them to draw and explain where a 200g weight must be 

hung to make it balance. When they have finished show them the correct solution and 

ask them to copy.  

          

  

                                                                       

 

 

 

3. Keep the solution to question 2. Now add 100g to the 400 while reading the 

question. They answer under “1st try”. To give more feedback show “the perfectly 

reasonable strategy” of adding 100g to the 200, this of course is not the correct 

solution. Tell them that if they wish to change their answer, to write in under “2
nd

 try” 

and if they think they got it right the first time, to write it in again.   

  

4. This question gives feedback on relative distances from the pivot. Show them that 

you have again set up the solution to question 2.     
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Move the 400g out 1 space to hole no. 2 while reading the question. They answer 

under “1st try”. When they have finished show them that if you try moving the 200g 

out the same distance (i.e. to position 3) that the ruler does not balance. Once again if 

they wish to change their answer ask them to do so under “2nd try” and if they think 

they were correct at the first attempt, to write it in again.   

 

5. Just talk through the question with reference to the diagram. Ask what weight 

would be needed on the 4th hole out on the left hand side to balance 600g on the 2nd 

hole on the right. Do not demonstrate the answer.  

 

6. Set up  

 

 

 

 

 

 

Ask them to guess where these weights must be positioned if they are to balance. They 

draw in their guess in the middle box. Check that they all write in the number of 

weights next to each hanger, and when they have finished show them the correct 

solution and ask them to record.  

 

 

 

 

 

7. Now clamp the solution to question 6 by sticking the 2
nd

 nail through a hole at the 

end of the ruler. Make sure they are aware that the ruler was balanced and then move 

each weight in one hole. “They were balanced, I’ve moved them both in the same 

amount, how will it look now?” Put your guesses in the middle box.” Again check for 

numerals next to each hanger, and when they have all finished gently release the 

clamp. There should be some dismay and rejoicing, but fairly quickly, ask them to 

explain in the right hand box why the ruler drops on the light- weight side. “Why does 

it go down on the 2 weights side?”  
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8. Just talk through the question with reference to the diagram. Explain that the 

hangers are not to be moved and that they are only to rearrange the 5 weights shown. 

They cannot add any new ones. They answer by drawing in on the right hand diagram.  

 

9. Explain that now things are a bit more complex and that the diagram is not 

necessarily to scale. Here we are giving them the weights ( 3 and 2) but we are not 

telling them where thay are hung; beyond the fact that they balance. Say that if you 

move the (3) out one unit, how many units must the (2) be moved in order to restore 

the balance? Tell them the units could be centimetres, inches, etc.  

 

10. Another difficult problem. Explain that the square and round shapes balance at 

distances of two and three units. Ask (a) “Which is the heavier?” and then (b) “How 

much heavier is the one you have chosen, than the other one? If, for instance, you 

think the round shape is heavier then how much heavier than the square is it?” If they 

ask “can we use grammes?” tell them that they may if they wish but remind them that 

there is no information as to how heavy either one is.  

 

11. Explain that this asks for a summary of all they have learned so far; a general rule. 

They may use the notation shown, invent one of their own, or write the whole answers 

out in words.  

(While they are answering, lower the ruler until the bases of the hangers are 20cm 

above the bench)  

 

12. In your own words explain that this is another way of looking at the problem, this 

time dynamic. Talk about levers, now focusing on the forces and how far they have to 

act. You could open and close the classroom door, demonstrating that you do not need 

to push very hard near the handle, but that you do need to push it a long way. Show 

them the converse.  

 

With the ruler set up thus:  
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Show them that by allowing a heavy weight (400g on hole 2) to drop a short way, you 

can lift a light weight a long way. Point out that we can measure the weights and 

distances, and then do so. Get them to record your measurements (the 400g weight on 

hole 2 drops 10cm which raises the 200g weight on hole 4 through 20cm.) Because 

these are fiddly experiments to demonstrate point out that the results for the next two 

are written in for them. Just talk through them, then ask the question.  

 

13. Piaget says that an explanation of the balance equilibrium in terms of virtual work 

is late formal mode of interpretation. If your pupils are at all capable of this, they must 

be given as much background  as possible. So first explain that they may find the 

concept of WORK useful. Introduce this semi- quantitatively by saying something like 

“If you carry a 25Kilo sack up a flight of stairs you will be aware of having done some 

work. If you take it up twice as many stairs you will certainly know you have done 

much work- twice as much. But if you increase the weight you will also have to do 

more work. For example if you carried 50 Kilos, you would do twice the work. But if 

you carried twice as much weight up two flights of stairs you would have done four 

times as much work. So the work you do depends on both the weight and how far you 

lift it up. Pose the question. Emphasis that they should direct their answer to the 

WEIGHTS and the VERTICAL HEIGHTS they rise and fall. They can use the 

notation given at the beginning of this section, or any other ways they wish to invent.  
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Interview Questions 

(Primary School teachers) 

Thinking Science 1 

 

What was your overall impression of the Thinking Science 1 

programme? 

 

Do you think the Thinking Science 1 programme improved your 

pupils’ thinking and reasoning skills? 

 

Do you think that certain pupils’ thinking improved more than 

others? 

 

How do you think the Thinking Science 1 programme could be 

improved? 

 

Would you teach science through the same methodology in the 

future?  

 

Do you think the Thinking Science 1 programme helped pupils’ 

ability in other subject areas? 
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Interview Questions 

(Second level teachers) 

Thinking Science 2 

 

What was your overall impression of the Thinking Science 2 

programme and the methodology? 

 

Do you think the Thinking Science 2 programme improved your 

students’ thinking and reasoning skills? 

 

Do you think that certain students’ thinking improved more than 

others? 

 

How do you think the Thinking Science 2 programme could be 

improved? 

 

Do you think that this intervention programme is suitable/ practical 

for use in 1
st
 year? If not do you have any recommendations? 

 

Would you teach science through the same methodology in the 

future?  
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Evaluation Sheet  
Thinking Science 1 

 
School & Class: ______________________ 

Date: ________________ 

Lesson Number: _______  

 

On a scale of 1- 5, how do you feel the Thinking Science 1  lesson went?   

 

1            2            3           4          5   

 

What did you think was good about the class?  

______________________________________________________________________

______________________________________________________________________ 

 

If the same class were to be taught again what would you change?  

______________________________________________________________________

______________________________________________________________________  

 

Was this Thinking Science 1 class similar/ different to how you would normally teach 

science? How was it the same/ different?  

______________________________________________________________________

______________________________________________________________________  

 

Would you be prepared to use this Thinking Science 1 activity as part of how you would 

teach science to your class in the future?  

_____________________________________________________________________  

 

 

Any other comments:  
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Evaluation Sheet  
Thinking Science 2 

 
School & Class: ______________________ 

Date: ________________ 

Lesson Number: _______  

 

On a scale of 1- 5, how do you feel the Thinking Science 2 lesson went?   

 

1            2            3           4          5   

What did you think was good about the class?  

______________________________________________________________________

______________________________________________________________________ 

 

If the same class were to be taught again what would you change?  

______________________________________________________________________

______________________________________________________________________  

 

Was this Thinking Science 2 class similar/ different to how you would normally teach 

science? How was it the same/ different?  

______________________________________________________________________

______________________________________________________________________ 

 

Would you be prepared to use this Thinking Science 2 activity as part of how you would 

teach science to your class in the future?  

_____________________________________________________________________  

 

 

Any other comments:  

 

 


