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1. Studying strategy variety 

• The variety in strategies in a specified mathematical  
domain (e.g., counting, single-digit addition and 
subtraction, word problem solving, computational 
estimation, etc.) 
 

• The categorization of these strategies according to 
various dimensions 
 

• How this strategy variety evolves over time  
 



A child’s self-invented subtraction 
algorithm (Ginsburg, 1977) 



Derived-fact strategies for 8 + 7 = . 

• Adding-all strategy 
• Counting-up-from-first strategy 
• Counting-up-from-larger strategy 
• Derived-fact strategy 
• Known-fact strategy 
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• Adding-all strategy 
• Counting-up-from-first strategy 
• Counting-up-from-larger strategy 
• Derived-fact strategy 

– Completing-up-to-ten strategy:  
• E.g., (8 + 2) + 5 = 10 + 5 = 15 

– Splitting-into-fives strategy:  
• E.g., (5 + 3) + (5 + 2) = (5 + 5) + (3 + 2) = 10 + 5 = 15 

– Almost-doubling strategy:  
• Doubling of larger addend: E.g., 8 + (8 – 1) = 16 – 1 = 15 
• Doubling of smaller addend: E.g., 7 + (7 + 1) = 15 

• Known-fact strategy 



2. Studying strategy efficiency 

• Presenting a set of items (e.g., 20 single-digit additions) 
to a group of participants (e.g., 40 1st graders) 

• Assessing their strategy use on each item (e.g., 
retrieval, counting-from-larger, counting-all…) 

• Calculating the mean accuracy and/or speed for each of 
these strategies 

Strategy Accuracy Speed 

Retrieval 90 % 2 sec 

Counting-
from-
larger 

80 % 5 sec 

Counting-
all 

70 % 10 sec 



2. Studying strategy efficiency 

• Presenting a set of items (e.g., 20 single-digit additions) 
to a group of participants (e.g., 40 1st graders) 

• Assessing their strategy use on each item (e.g., 
retrieval, counting-from-larger, counting-all…) 

• Calculating the mean accuracy and/or speed for each of 
these strategies 

Strategy Accuracy Speed 

Retrieval 90 % 2 sec 

Counting-
from-
larger 

80 % 5 sec 

Counting-
all 

70 % 10 sec 

Efficiency data biased by 
selection effects !!! 



3. Studying strategy flexibility: the 
choice/no-choice method (Lemaire & 

Siegler, 1997) 

• No-choice conditions, wherein subjects must use one 
particular strategy to solve all items 
  
 What’s the efficiency of the various strategies ? 

 

• Choice condition, wherein subjects are free to choose 
their own strategy 
 

What’s the flexibility of the strategy choices ?        



Leuven choice/no-choice studies 

Torbeyns et al. (2009) 
Task: 

 
81 – 56 = ? 

 
Strategy choice: 

 
Direct subtraction (e.g., 

81 – 50 – 6 = ?)  
 vs. 

Subtraction-by-addition 
(e.g., How much do I have to add 

to 56 to get at 81) 

 
 
 
 
 

Luwel et al.(2005) 
Task 
How many 
green 
blocks? 

Strategy choice: 
 

Counting up (i.e., 

counting the green blocks) 
vs. 

Counting down (i.e., 
counting the empty cells in 

the grid) 

Torbeyns et al. (2004) 

Task 
 

6 + 7 = ? 
 
 

Strategy choice: 
 

Counting on (e.g., 6, …7, 8, 
9, 10, 11, 12, 13) 

 vs. 
Decomposition to 10 

(e.g., (6 + 4) + 3 = 13) 

vs. 
Retrieval (i.e., knowing by 

heart that 6 + 7 = 13) 



Conceptualisations of strategy flexibility 
(Verschaffel et al., 2009) 

Adaptation to item features (only) 
 
 

Adaptation to item and subject features 
 
 

Adaptation to item, subject, and context features 



Socio-cultural perspective on adaptive 
strategy choice  

• What representational and computational tools are 
available, allowed or favored 

• What aspects of strategic behavior seem (most) 
valued in the testing setting  

• The relative importance of the goal to do well on the 
school task or test versus other, social goals 

• … 



A context factor affecting a child’s 
strategy choice… 



4. Verbal protocols as data (Ericsson & 
Simon,1993)  

• Verbal protocols may be incomplete  
 

• Verbal protocols may yield information that does not 
fit with the actual solution process 
 

• Verbal protocols may lead to a distortion of the 
spontaneous solution process 



5. RT analysis of subtraction strategy use in the 
domain 20-100 (Peters et al., 2012)  

• Two types of subtraction strategies for 62 – 38 = .: 
– Direct subtraction (DS): 38 is actually subtracted from 62, 

E.g., 62 − 30 = 32 and 32 − 8 = 32 − (2 + 6) = 24 
– Subtraction-by-addition (SBA): How much do I have to add 

to 38 to arrive at 62? E.g., 38 + 20 = 58; 58 + 2 = 60; 60 + 2 
= 62, so the answer is 20 + 2 + 2 = 24 

• Analysis of adults’ and children’s RTs indicate that 
they use SBA for problems with a relatively large 
subtrahend (e.g., 62 – 58 = .) 

• Also in cases where their verbal protocols do not 
refer to this strategy 
 
 
 



Eye-movement studies (e.g., 
Verschaffel et al., 1994) 

7    +     6     +     4     =    . 

Verbal protocol: 
 

“First I added 6 and 4, and then I added 7” 

Eye-movement protocol: 



Problems with eye-movement data of 
symbolic arithmetic strategy use 

• The process of solving a mathematical problem may 
not consist of an execution phase only 
 

• The execution phase may not consist of the 
straightforward running of a single well-identifiable 
strategy 
 

• After the initial access of the symbols, the assumed 
close link between eye movements and ongoing 
cognitive processing may get blurred 



Neuroscientific studies of strategy use 
in single-digit arithmetic 

• Dehaene, S., Piazza, M., Pinel, P., & Cohen, L. (2003). Three parietal circuits 
for number processing. Cognitive Neuropsychology, 20, 487–506. 

• Grabner, R. H., & De Smedt, B. (2012).Oscillatory EEG correlates of 
arithmetic strategies: a training study. Frontiers in Psychology, 3(428), 1-
11. 

• Price, G. R., Mazzocco, M. M. M., & Ansari, D. (2013).Why mental 
arithmetic counts: Brain activation during single digit arithmetic predicts 
high school math scores. Journal of Neuroscience, 33, 156-163. 

• Van Beek, L., Ghesquière, P., Lagae, L., De Smedt, B. (2014). Left fronto-
parietal white matter correlates with individual differences in children’s 
ability to solve additions and multiplications: a tractography study. 
NeuroImage, 90, 117-127. 

 

 



6. Arithmetic strategies and 
mathematical principles 

• For addition:   
– Commutativity principe (i.e., a+b=b+a) 

 
• For addition/subtraction:  

– Inverse principle (i.e., a+b-b=a or a-b+b=a)  
– Complement principle (i.e., if a+b=c then c-b=a or c-a=b) 

 

• Challenges: 
– Impact of education on nature of the relationship? 
– Lack of appropriate measures of conceptual knowledge of 

mathematical principles 



7. Number sense and arithmetic 
strategies 

• Older studies: 
– General relation between number sense and general 

mathematics achievement 

• Recent developments 
– Unraveling the (causal) relationship between children’s 

performance on number sense tasks and their use of 
particular arithmetic strategies 

– Documenting that children’s performance on number 
sense tasks does not directly reflect the quality of their 
number representation, but that this performance can 
rather be accounted for by the use of strategies 



Linsen et al. (2014) 

• Question: Does magnitude representation predict 
the flexible use subtraction-by-addition? 
 

• Rationale: Magnitude representation is critical for 
determining if the subtrahend is close to the 
minuend, and, thus, for choosing flexibly for the 
subtraction-by-addition strategy 
 

• Result: Yes, it does 



8. Do arithmetic strategies überhaupt 
exist?  

• What do we really mean when we are saying that “a 
person is applying (mental) strategy x” or that “a 
person is choosing between (mental) strategy x, y 
and z”.  
 

• These questions clearly depart from the idea that 
people have a repertoire of identifiable strategies 
from which they choose 



Threlfall (2002, p. 41) 

“(…) in a subtraction problem like 63-26=?, some or all 
of the following relations might be noticed about the 
two separate numbers involved: “63 is ... 60 and 3, 2 
less than 65, double 30 and 3, 50 and 13, 20 and 20 
and 20 and 3, 7 less than 70; 26 is ... 20 and 6, 1 more 
than 25, 4 less than 30, double 13, 10 and 10 and 6, 
just over half of 50”.  



Threlfall (2002, p. 41) 

“(…), each solution ‘method’ is in a sense unique to a 
given calculation, and is invented in the context of that 
particular calculation – although clearly influenced by 
experience. It is not learned as a general approach and 
then applied to particular cases. The solution path 
taken may be interpreted later as being the result of a 
decision or choice, and be called ‘a strategy’, but the 
labels are misleading. The ‘strategy’ (in the holistic 
sense of the entire solution path) is not decided, it 
emerges.” 



END 

 

"However beautiful the strategy, you should occasionally look at the results” 
 

 
 

(Winston Churchill) 



Symposium III: Strategy use in 
mathematics 

 
1. Helen C. Reed: Third graders’ verbal reports of 

multiplication strategy use: How valid are they? 
 

2. Jo Van Hoof: Inhibiting the natural number bias in 
rational number tasks: towards a comprehensive 
test instrument. 
 

3. Marije Fagginger Auer: Do students choose 
adaptively between mental and written division 
strategies? A choice/no-choice experiment. 
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