Constructing methods or Using methods
— what do students do and learn?

Carina Granberg



Presentatör
Presentationsanteckningar
So – those of youthat have been listening to Bert Jonssin during the previous presentation have listened to him presenting a quantititve study when we comperaed learnign outcome dempending on whether they have practiced mathematics by constructing methods or wheteher they have used provided methods ….. My presentation will concern qualitive data comparing the same condiction …. 	



Quantitative data showed ....
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When rectangles are put in a row, it
looks like the figure on the right,
I 16 matches are needed for three rectangles.
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Presentatör
Presentationsanteckningar
However, since some of you in the audicane may just joined us - I will start with a really quick summary of some of the results from the study presented by Bert. 

We have invited students in upper secondary school to practice by solvning tasks like this when they are given a method – the students are asked to finns the number of matches they will need if they are to build 100 squares in a row ……  here as a formula and an example – this is how mathematics in general is presented in mathematics textbooks. … and during rpactive most students amnge to solve this kind of tasks ….. The same student also solved tasks (not the same tasks of course) but wothoput any provided method …. And then it will look like this … now the student need to figure out how to solve the task … and during practice not as many students solve these tasks …. And then comperad the learning outcome … one week later …. During a posttest when the students were asked to solve transfer-tasks … like this ….. A task that are somewhat different …. Rectangles ins tead of squares … so the students who practiced with tasks with proveded methods .. Could not use the same formula and students who constructed a method could not use the exact same method……. During the posttest the students who constructed the methods scored significantly higher during the posttest ……. In these quantivitave results raised some qualittive questions.
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When squares are put in a row, it
13 matches are needed for four squares.

looks like the figure on the right,

The number of matches y could be calculated y = 3x +1| 13 matches are needed for four squares.

Example: If 4 squares > then y = 3x+1 = 3-4+1 = 13 st How many matches are needed to get 100 squares in a row?

How many matches are needed to get 100 squares in a row?

Posttest transfer task

When rectangles are put in a row, it
looks like the figure on the right,
16 matches are needed for three rectangles.

How many matches are needed to get 100 rectangles in a row?



Presentatör
Presentationsanteckningar
However, since some of you in the audicane may just joined us - I will start with a really quick summary of some of the results from the study presented by Bert. 

We have invited students in upper secondary school to practice by solvning tasks like this when they are given a method – the students are asked to finns the number of matches they will need if they are to build 100 squares in a row ……  here as a formula and an example – this is how mathematics in general is presented in mathematics textbooks. … and during rpactive most students amnge to solve this kind of tasks ….. The same student also solved tasks (not the same tasks of course) but wothoput any provided method …. And then it will look like this … now the student need to figure out how to solve the task … and during practice not as many students solve these tasks …. And then comperad the learning outcome … one week later …. During a posttest when the students were asked to solve transfer-tasks … like this ….. A task that are somewhat different …. Rectangles ins tead of squares … so the students who practiced with tasks with proveded methods .. Could not use the same formula and students who constructed a method could not use the exact same method……. During the posttest the students who constructed the methods scored significantly higher during the posttest ……. In these quantivitave results raised some qualittive questions.



Qualitative Questions ....

1. What kind of problem solving activities are students engaged in?
(Constructing v/s Using Methods)

10 students, observations and think aloud protocol, practice and posttest

2. What knowledge do students transfer from practice to posttest?
(Constructing v/s Using Methods)

+ 60 students, completing questionnaires, practice and posttest

/
o



Presentatör
Presentationsanteckningar
For the next questions I have added questionaries from 60 students participating in the studu presented by Bert – and these studenst were asked to describe their way of solvning 6 AR-tasks and 6 CMR-tasks during practice and the correwspionding 12 posttest- tranfer tasks …


1. What kind of problem solving activities are observed?

>

Activity Problem-solving process (timeline)

Problem solved "

Verifying
PIanning/Implementing
Exploring £
[ Y1 - [V
Analyzing £
Reading —
» < - <«

When squares are put in a row, it looks like the
figure;
13 matches are needed for four squares.

How many matches are needed to get 100
squares in a row?

(Schoenfeld, 1985, Mathematical problem solving)


Presentatör
Presentationsanteckningar
To describe what kind of problem solvning activites these studetns engaged in I have used Schoendfest problesm solvning activites or episodes as ha calls the, …. Reading analysing ans so forth …. And if we take the match-task as an example i have listende to the students …. Reading the task, analysing its XXXXX…. Exploring for exampel by trying to add another square and noticing how many maches you will need … these insights can be brought to the planning/implemnting .. When they create a method how to solve the tasks …. Okay a need three mathes for every square and 1 match exatra for the forst square …. In this case they sumbitted their anwer into the computer that verified their answer ….. It is nothworhty to add that students or professionals seldom move ”step-wise” thorugh the problem solvning they tend to move up and down between the episodes.


2. What is transferred from practice to posttest

Content
Specific General
« 5
What is learned Procedure Representation Principle
and transferred Fact Graph Understanding
Algorithm etc. Diagram Underlying idea

(Barnett & Ceci, 2002, When and where do we apply what we learn?: A taxonomy for far transfer)
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Presentatör
Presentationsanteckningar
Looking ont WHAT IS Learned during practice … what is tranferred fråm practice to posttest I have used a small limited part of a Fremwork by Barnett & Ceci. They describe that the content learnt goes from very specific to very general …… it could be a procedur …. For example a fast – how do a square look like, an algoritm (how to solve an equation step-waise)  etc…. It could be representation such as a graph or a table that represents somethng mathematical …. Or a proncuipen … some kind of udnerstandin an underlaying idea …. And students will of course need allthese competences ….. You need to know facts, reresentation …. In genereal studetns lack understanding of mathematics 


1. ‘Problem’ solving activities, AR, methods provided

>

Using the method (86%)

Activity Problem-solving process (timeline)
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When squares are put in a row, it
looks like the figure on the right,
13 matches are needed for four squares.

The number of matches y could be calculated y = 3x +1|
Example: If 4 squares > then y = 3x+1 =3-4+1 = 13 st

‘ How many matches are needed to get 100 squares in a row?



Presentatör
Presentationsanteckningar
So  looking into the first question – what kind of problem solvnign activites do they engage in solvning AR-tasks with provided methods. As many as 86% of these tasks were solved by merelys usign the method …. That the students read the tasks then merely deside to use the method, implement  by calculating the numer of needed matches and then submit their answer in the computer.   

Moving to the second question – what do these student learn – what do they transfer to the posttest?


2. What is transferred from practice to posttest

>
Content
Specific General
“ >
What is learned Representation Principle or Heuristics
and transferred - Graph Understanding
Algorithm etc. Diagram Underlying idea
' ~ Posttest transfer task
Transfer: Nothing n . n . n . M
The formula as a proced ure When rectangles are put in a row, it

looks like the figure on the right,
16 matches are needed for three rectangles.

How many matches are needed to get 100 rectangles in a row?



Presentatör
Presentationsanteckningar
Most of these students ca 90% do not transfer any usuful content to the posttest, some of them remember the forumula, but that do not solve the task … so during hte posttest the task with the rectangles is a new task for them to solve.



1. ‘Problem’ solving activities, AR, methods provided

>

Using and exploring the method (14%)

Activity Problem-solving process (timeline)

Problem solved g

Verifying P

Planning/|mp|ementing £ £ Practice AR-task, method provided
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Exploring P ﬂ ﬂ ﬂ ﬂ H

Analyzing .— . ot o' =t .

Readin g ] L When squares are put in a row, it
looks like the figure on the right,

13 matches are needed for four squares.

The number of matches y could be calculated y = 3x +1|
Example: If 4 squares > then y = 3x+1 =3-4+1 = 13 st

‘ How many matches are needed to get 100 squares in a row?



Presentatör
Presentationsanteckningar
About 14 % of the AR-tasks with provided methods are solved by using but also Expoling the method …. This student read the task – analysed the formula and realised the the ”3” is the number of matches needed to build one square …. But needed to explore the figure and build the squares from the beginning to realize the what the number ”1” stands for. 
This student needed to read the tasks again, lloked at the example …. Before using the formula to calculate the number of needed matches

What did the these students tranfer to the posttest?



2. What is transferred from practice to posttest

>
Content
Specific General
< >
What is learned Procedure Representatio Principle or Heuristics
and transferred Fact QereTSTaTTCHRg
Algorithm etc. Diagram nderlying ides
' ™ Posttest transfer task
Transfer: The underlying idea et
: When rectangles are put in a row, it
The ff)rmula as representation ook ko the e o the vaht
Not h INg 16 matches are needed for three rectangles.

How many matches are needed to get 100 rectangles in a row?



Presentatör
Presentationsanteckningar
More than half of these students had gained an understadning of how to build squares… some of the students remembered the formeula as representation and were able to adjust the formula to fit the task with rectangles… and abpout 30% of them did not transfer anything to the posttest. 

The underlying idea (8%)
	The formula as representation (2%)
	Nothing (4%)



1. Problem solving activities, CMR, creating methods

>

Constructing the Method (52 %)

Activity Problem-solving process (timeline)

Problem solved &

Verifying £ AJ

Planningflmplementing £ —

Exploring — o

Analyzing . — ————mc — —mcC - .

Reading —_— — [ [. ﬂ
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When squares are put in a row, it looks like the
figure;
13 matches are needed for four squares.

How many matches are needed to get 100
squares in a row?



Presentatör
Presentationsanteckningar
Moving to studetns when they solved CMR-tasks – that is tasks with no metods
52% of the tasks were solved by constructing methods – and this is an example of a problem solvning process – the student read the task, analyse the parts – exploring the task adding mathes, caluculitng matches needed to contrudt five squares, 6 squares and so forth … but did not understand that there was an extra match …. So when the student submitteed the answer the computer veryfied the answer as fasle and the students went back to engage in all activites all over again and eventuall y solved the task 

What did the these students tranfer to the posttest?



1. What is transferred from practice to posttest

Content
Specific General
< -
What is learned Procedure Representation Principle-ar Heuristics
and transferred Fact Graph dnderstanding
Algorithm etc. Diagram nderlying ideg

Transfer: An understanding, an underlying idea
Nothing

Posttest transfer task
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When rectangles are put in a row, it
looks like the figure on the right,
16 matches are needed for three rectangles.

How many matches are needed to get 100 rectangles in a row?


Presentatör
Presentationsanteckningar
Almost 70 % of the studnet tranferred An understanding of the underlying ideaand some of them also rememebnred the formula – as a representaiont of the mathematics behid the taskl
About 30% did not transfer anything 

But if you remember from the first slide – there are a rather many occasions when students did not manage to solve the task during practice . To construct a method … two examples.
	


1. Problem solving activities, CMR, creating methods

>

Failing to construct a method (all together 48%)

Activity Problem-solving process (timeline)

Problem solved

Verifying

Planning/implementing

Exploring

Analyzing f Y —— - °

Reading sl ﬂ [. ﬂ
® . . ™

When squares are put in a row, it looks like the
figure;
13 matches are needed for four squares.

How many matches are needed to get 100
squares in a row?



Presentatör
Presentationsanteckningar
This is an example pf a student that have read the task and anaysed the task but do nto move on the explore the task .. To try to buiöt anouther square etc. 


1. Problem solving activities, CMR, creating methods

>

Failing to construct a method (all together 48%)

Activity Problem-solving process (timeline)

Problem solved

Verifying = ; iy
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Exploring
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When squares are put in a row, it looks like the
figure;
13 matches are needed for four squares.

How many matches are needed to get 100
squares in a row?



Presentatör
Presentationsanteckningar
Another example a student who do not look at the figure – make a short exploration find a method that is incorrect – but do not go back to try to figure otu why the method do not work … but recalculte, came up with the same answer the was submitted repreatedly into the comupter wiht the same result …. 

What did the these students tranfer to the posttest?



2. What is transferred from practice to posttest

Content
Specific General
< -
What is learned Procedure Representation Principle or Heuristics
and transferred Fact Graph Understanding
Algorithm etc. Diagram Underlying idea

Transfer: Nothing
|ldeas to develop during posttest

Posttest transfer task
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When rectangles are put in a row, it
looks like the figure on the right,
16 matches are needed for three rectangles.

How many matches are needed to get 100 rectangles in a row?


Presentatör
Presentationsanteckningar
Apporximatly in 90 % of these situations nothing was transfered to the posttest, and about 10% the students remembered their unsuccellful method pr ideas and used that as bases for further expolroation. 



Questions ....

1. What kind of problem solving activities are students engaged in?
(Constructing v/s Using Methods)

AR: Hardly no time analysing and exploring
CMR: Substantial time analysing and exploring

2. What knowledge do students transfer from practice to posttest?
(Constructing v/s Using Methods)

Practice Main Transfer to posttest
AR Using the method (86%) ‘Nothing’
Exploring and using the method (14%) An understanding of an underlying idea
CMR | Constructing a method (52%) An understanding of an underlying idea
Failing to construct a method (48%) ‘Nothing’



Presentatör
Presentationsanteckningar
Summarizing …. 

This paints a picture about how these 10 students engaged in problem sovling activiteis and what they transferred to the posttest …… to give a broder picture I have added 60 students’ questionaries. 


2. What is transferred from practice to posttest (AR)

AR-practice (60 students x 6 tasks = 360 answers)

Transfer from practice
Practice AR-task, method provided to posttest
! L o L =) - 100
90 86
80
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70
When squares are put in a row, it 60
looks like the figure on the right, 50
13 matches are needed for four squares. 40
30
The number of matches y could be calculated y = 3x +1| 20
8
Example: If 4 squares > then y = 3x+1 = 3-4+1 = 13 st 10 °
d 1 d ; H =
How many matches are needed to get 100 squares in a row? Nothing Underlaying Formula
idea




2. What is transferred from practice to posttest (CMR)

—>

CMR-practice (60 students x 6 tasks = 360 answers)

Transfer from practice

Practice CMR-task, constructing method to posttest

60
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When squares are put in a row, it
looks like the figure on the right,
13 matches are needed for four squares. 20

30

12
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0
Underlaying Nothing Ideas to
idea develop

How many matches are needed to get 100 squares in a row?



Presentatör
Presentationsanteckningar
Hugga ett exempel …så arbetar vi en hel del med % i skolan ….. Och tanken är ju inte att eleverna enbart ska kunna transfererar – överföra sina kunskaper att räkna olika %-uppgifter till provet – eller samhällskunskaper utan även när de i ett senare tillfälle ska räkna på sina bolån …. 

Transfer av kunskap är inte självklart  …. Jag har till exempel haft elever på högstadiet som är hejjare på att räkna med % på matematik-lektionerna … men när jag sedan träffar dem på samhällskunskapen där jag vikarierade ibland .. Och de skulle räkna på skattesatser så kan de inte  räkna 33 % av en månadslön på 20 000 kr … och när jag frågar varför det är svårt här men inte på matten s har jag bland annat fått svaret – att hur ska man veta att det är ”samma %” … dvs de tänker sig att det finns en matematik-% och samhällskunskap-% och att de gissnignsvis inte fungerar på samma sätt. 
……………………..

Jag tänker att vis ka börja med att transferera lite kunskaper inom UFM …. Lärmålet är att uppskatta areor på ytor … och ni får dels lite hjälpmedel dels lite ytor att träna på .., och med tanke på den höga halten av kreativitet som finns här så får ni 5 minuter på er.

>>>> Dra igång Kahoot 


SAMMANFATTA Workshopen ……. Detta är en tidig studie av Transfer 1901 ….. Och det har gått lite i trender men det finns många interventionsstudier som syftat till att jämföra olika didaktiska designer med avseende på transfer …. Men man kan ju tänka sig att titta på det omvända …. Om vi vet eller misstänker att en didaktisk design ger högre utfall på en posttest så kan man ju grunna över vad det är som har transfererats och varför det ena skulle vara bättre än det andra …. ÖVERGÅNG till LICR


Lite blandat
Transferforskningsfältet finns både inom psykologi och pedagogik/didaktik … och här finns ett flertal interventionsstudier som avser att undersöka om en viss didaktisk design underlättar transfer – transfer mellan lektion och prov, transfer mellan matematik och fysik, transfer mellan lektion och yrkespraktik osv …..  xxx, yyy, zzz och resultaten är tämligen skiftande … och en av anledningarna till att det är så vitt skilda resultat är att begreppet transfer används på högst olika sätt …. Exempel från exemplet …. Men också att det är svårt att fånga vad en person tar med sig från ett lärtillfälle till ett användartillfälle … vad kunde eleven innan … 
Vad många forskare dock är eniga om är att det som beskrivs som djupare kunskap, förståelse, konceptuell förståelse etc är mer tillgänglig för transfer mellan lärtillfälle och ett användartillfälle som avviker från lärtillfället ---- exvis har man i skolan kunnat utveckla en djupare / konceptuell förståelse för %-begreppet … så är chansen större att eleven kan plocka emd sig den färdigheten till en svårare uppgift på provet, på samhällskunskapen, eller nä man ska räkna på huslånet i vardagslivet. 




2. What is transferred from practice to posttest (AR/CMR)
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Hugga ett exempel …så arbetar vi en hel del med % i skolan ….. Och tanken är ju inte att eleverna enbart ska kunna transfererar – överföra sina kunskaper att räkna olika %-uppgifter till provet – eller samhällskunskaper utan även när de i ett senare tillfälle ska räkna på sina bolån …. 
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Jag tänker att vis ka börja med att transferera lite kunskaper inom UFM …. Lärmålet är att uppskatta areor på ytor … och ni får dels lite hjälpmedel dels lite ytor att träna på .., och med tanke på den höga halten av kreativitet som finns här så får ni 5 minuter på er.
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