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Studies about strategies used by adults to solve multi-digit written additions are very scarce. However, as
advocated here, the speciﬁcity and characteristics of written calculations are of undeniable interest. The
originality of our approach lies in part in the presentation of two-digit addition problems on a graphics
tablet, which allowed us to precisely follow and analyse individuals’ solving process. Not only classic
solution times and accuracy measures were recorded but also initiation times and starting positions of the
calculations. Our results show that adults largely prefer the ﬁxed columnar strategy taught at school
rather than more ﬂexible mental strategies. Moreover, the columnar strategy is executed faster and as
accurately as other strategies, which suggests that individuals’ choice is usually well adapted. This result
contradicts past educational intuitions that the use of rigid algorithms might be detrimental to
performance. We also demonstrate that a minority of adults can modulate their strategy choice as a
function of the characteristics of the problems. Tie problems and additions without carry were indeed
solved less frequently through the columnar strategy than non-tie problems and additions with a carry. We
conclude that the working memory demand of the arithmetic operation inﬂuences strategy selection in
written problem-solving.

Keywords: Arithmetic; Flexibility; Numerical cognition.

Strategies in mental arithmetic are extensively
studied in the ﬁeld of numerical cognition (Ashcraft
& Guillaume, 2009 for a review). In contrast,
researchers are less interested in investigating strategies used by individuals when they perform
written calculations. This might be due to the
common idea that written and mental calculations
share common components and that, consequently,
speciﬁc research on written calculations is necessarily redundant. Nevertheless, there are several
reasons to posit that these two skills are distinct.
First, they involve different capacities. Using a

battery of tests to evaluate verbal and visual-spatial
performance as well as written and mental
arithmetic skills, Solan (1987) revealed that mental
arithmetic correlates signiﬁcantly with verbal but
not with visual-spatial capacities. Conversely,
written arithmetic correlates with visual-spatial but
not with verbal performance. Second, Thevenot
and Castel (2012) investigated the relationship
between mental and written additions and examined
whether training one skill transfers to the other. In
one experiment, adults were trained in mental
addition and were tested before and after training
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on written addition. The reverse was done in a
second experiment wherein adults were trained on
written addition and tested on mental addition.
The results showed that training written addition
led to an improvement in mental addition whereas
the opposite was not observed. Given that there is
a transfer from written to mental addition, the
authors ﬁrst concluded that the two skills necessarily
share common components. Nevertheless, because
mental addition does not transfer to written
addition, the authors concluded further that some
characteristics of written addition are not trained
during mental addition. Thus, compared to the
latter, speciﬁc components and mechanisms seem
to be proper to written addition. Further support
for a distinction between mental and written calculations is provided by neuropsychological studies.
For example, Semenza, Miceli, and Girelli (1997)
reported the case of a patient who was able to
solve complex mental calculations but not complex
written calculations. This dissociation was interpreted as difﬁculties for the patient to apply the
required algorithmic written procedures. In fact,
such dissociation has been observed both in developmental dyscalculia (Temple, 1991) and in braindamaged patients (e.g., McCloskey, Aliminosa, &
Sokol, 1991).
Therefore, it seems that written calculation is a
cognitive skill that needs speciﬁc attention from
researchers. Nevertheless, only a few experimental
studies have described what children do when they
can use paper and pencil to solve multi-digit operations. A pioneer study by Brown and Burton
(1978) described the two main methods than can be
used for written additions. The ﬁrst method corresponds to the standard algorithm from right to left
wherein the units are added ﬁrst, the tens are
carried if necessary, the tens are added and so on
for additions involving numbers with more than two
digits. The second method consists in processing the
problem from left to right with any carries being
below the answer in the next column to the left. If
any carries occur in the problem, they must be
added in a second addition. This second method
has rarely been described in subsequent studies,
which rather opposed the standard columnar algorithm to more mental strategies. As a matter of fact,
more recent studies concur to the conclusion that
children often use the columnar strategy in order
to perform written calculation. More precisely,
Lucangeli, Tressoldi, Bendotti, Bonami, and Siegel
(2003) showed that the frequency of the columnar
strategy use increases from 83% among 8-year-old
children to 91% among 11-year-old children.

Similarly, Ginsburg, Posner, and Russell (1981)
reported variations from 79% among 8-year-olds to
96% among 10-year-old pupils. Of particular interest
is the fact that the percentage of the columnar strategy use increases through practice and schooling.
This could be considered as an improvement
because standard columnar algorithms are more
and more systematically implemented by children.
However, the strict and systematic application of routines taught at school could also be considered as a
drawback. In terms of performance, it might indeed
be disadvantageous to engage in a columnar procedure to solve problems such as 50 + 50 or 11 + 12.
As reminded by Verschaffel, Greer, and De Corte
(2007), Thompson (1999) considered that algorithms
encourage cognitive passivity and Kamii and Dominick (1998) even claim that teaching algorithms in
elementary school could have harmful effect on cognitive ﬂexibility. Indeed, Torbeyns and Verschaffel
(2013) note that many reform-based documents
encourage teachers to teach mental computation
before and besides written algorithm. Nevertheless,
Selter (2001, cited by Verschaffel et al., 2007),
showed that 10–12-year-old German children solve
multi-digit sums, even sums as 527 + 399 that could
be solved easily using mental computation, using
what could be considered as inefﬁcient, cognitively
costly, and inﬂexible written algorithms. Given the
apparent lack of children’s adaptivity in the appliance
of standard algorithms, it might be envisioned that
the quasi exclusive use of the columnar strategy in
10-year-old children is only a transitory developmental stage wherein children over-practice their new
acquisition. In later years, the application of the
written algorithm could be less systematic and more
adaptively selected as a function of the characteristics
of the problems. One argument for this scenario is the
fact that the ability to represent the magnitude of
numbers, a central aspect of basic number sense
which sharpens through development (Halberda &
Feigenson, 2008), is particularly linked to the ﬂexible
use of mental calculations (Linsen, Verschaffel,
Reynvoet, & De Smedt, 2014, 2015).
In the present study, we examine the possibility
that, in written calculation, the frequency use of ﬂexible strategy increases with age by investigating strategy selection in a mature cognitive system. To this
aim, we presented adults with two-digit additions
on a graphics tablet, which enabled us to collect
precise measures of individuals’ solving process. As
just described, the columnar written strategy is the
one preferred by children to solve written calculations. Nevertheless, adults might use mental strategies as efﬁciently as written procedures in order to
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solve speciﬁc written calculations (as evoked earlier,
e.g., 50 + 50 or 12 + 11). Lemaire and Callies (2009)
identiﬁed four strategies to solve multi-digit
additions mentally, namely direct retrieval from
memory (e.g., 53 + 35 is associated to its answer
88), full decomposition (e.g., 53 + 35 = (50 + 30) +
(3 + 5) = 80 + 8 = 88), partial decomposition (e.g.,
53 + 35 = (53 + 30) + 5 = 83 + 5 = 88), and transformation (e.g., 53 + 35 = 50 + 38 = 88). The full
and partial decompositions are also called the
“decompose-tens-and-ones” and the “begin with
one number” methods by Fuson et al. (1997), the
1010 and N10 procedures by Blöte, Van der Burg,
and Klein (2001) or Beishuizen (1993) or the split
and jump methods, respectively (see Green,
Lemaire, & Dufau, 2007 for a review). Whether or
not adults prefer one of these mental strategies
over the columnar one to solve written calculations
might strongly depend on the characteristics of the
problems. For example, 30 + 30, in opposition to
48 + 56, might be more likely to be solved through
retrieval than through a ﬁxed columnar strategy.
More generally, the difﬁculty of a problem is likely
to impact the process solving (Klein et al., 2010).
This difﬁculty is strongly inﬂuenced by the number
of carries in the problem (Green et al., 2007; Imbo,
Vandierendonck, & De Rammelaere, 2007) and the
fact that the problem involves repeated operand or
not (Campbell & Gunter, 2002; Groen & Parkman,
1972). In our experiment, we were therefore particularly interested in determining the role of these two
factors on individuals’ strategies.
The sequence of positions in which participants
write down the solution on the graphics tablet will
allow us to infer the strategy used. If individuals start
writing the answer down from the units, they have
necessarily applied a strict columnar algorithm. Oppositely, if they start from another position, they have
used a more ﬂexible mental strategy, which could be
one of the mental procedures described earlier. As
already mentioned, because problems involving
repeated operands can be retrieved from long-term
memory (e.g., Campbell & Gunter, 2002; Fayol &
Thevenot, 2012), they should more often be solved
through mental strategies than standard written algorithms. However, this prediction is based on research
about single-digit operand problems and, to the best
of our knowledge, strategy variations on multi-digit
tie problems have never been studied. Our predictions
about carry problems are more empirically grounded
because Green et al. (2007) showed in the domain of
mental arithmetic that starting to process a problem
from the unit is more probable for problems involving
at least one carry.

3

METHOD
Participants
Forty-eight ﬁrst-year psychology students (42
females) from the University of Geneva were
recruited for the experiment (Mean age = 22;
ranging from 17 to 35). Their participation was
one of the conditions required for course validation.

Material
Sixty additions involving two-digit numbers were
presented vertically on the screen (see the Appendix).
Thirty problems did not contain any carry (e.g.,
83 + 34) whereas 30 others contain a carry (e.g.,
57 + 29). Half of problems had a two-digit sum
whereas the other half a three-digit sum. One-third
of the additions were constructed with repeated
addends (tie problems) whereas the other twothirds did not (non-tie problems). In order to avoid
ceiling or ﬂoor effects in performance, the sum of
the additions was arbitrarily comprised between 40
and 160. For tie problems, no addends corresponded
to a multiple of 10 or 11. For non-tie problems, the
additions never contained two addends ending
with a 0 (e.g., 20 + 30). In order to ensure that problems in each category mainly differed in the characteristics we manipulated, we veriﬁed that the sum of
the addends was the same for tie (100.6) and non-tie
problems (100), t(58) = .07, p = .95 and the same
for carry (101.8) and no carry problems (98.6),
t(58) = .38, p = .70.
Each participant was presented with the 60 problems in a different random order. For each
addition, the starting position, the initiation and solution times as well as the accuracy were recorded.
The starting position was deﬁned according to the
position that was written ﬁrst (units or not units).
The initiation time was the time elapsed from the
presentation of a problem up to the moment when
the participant put the stylus on the graphics tablet
for the ﬁrst time to work the problem out. The solution time was the total time between the presentation of a problem and the moment when the
participant lifted the stylus from the tablet after
having solved the problem. Both the initiation and
solution times were measured in milliseconds. The
correctness was judged and registered by the experimenter (ﬁrst author). In order to familiarise the participants with the experiment, we started with 10
practice problems.
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Apparatus and procedure
The design of the graphics-tablet experiment was
carried out using the interactive pen display
Wacom DTF-720, which was connected to a Dell
Latitude E6410 laptop. The tablet was a 17-inch
screen with a 1024 × 768 resolution, placed on a
mount adjustable from 17° to 73°. The participant
sat on a chair and the graphics tablet was placed
on a table. We allowed the participant to adjust the
tablet to a comfortable inclination. The experiment
was controlled by Presentation (version 16.4).
Participants had to click with the stylus on the
screen when they were ready and the ﬁrst addition
then appeared. The addends were presented in Times
New Roman size 130, which corresponds to 2.2 cm
vertically on the screen. On the left of the second
addend, there was a “ + ” sign, indicating the operation they had to perform. Under the second addend
there were three boxes of 4.9 × 7.0 cm2 or 150 × 200
pixels each. We asked the participants to write
the answer to the addition in the given boxes. If the
answer was a two-digit number, they were to use the
middle and the right-most boxes. On top of the ﬁrst
addend, there was a box measuring 15.5 × 2.8 cm2 or
470 × 80 pixels, in which the participants could write
the carry should they need to (see Figure 1). The
whole stimulus covered an area of 15.5 × 22.9 cm2 or
470 × 650 pixels. Once the participants had ﬁnished
writing the answer, the experimenter judged whether
the response was correct by key press. A preparation
screen for the next problem then appeared and the
process was repeated until all the 60 problems had
been presented.
The computer timer was activated as soon as the
problem appeared on the screen and ran until it disappeared. As soon as the stylus touched the tablet for
the ﬁrst time, the time and the x and y coordinates

of the stylus position were registered every 17 ms
(i.e., screen refresh time). We operationalised initiation
time as the time elapsed between the presentation of
the problem and the ﬁrst touch. Solution time was
operationalised as the time elapsed between the presentation of the problem and the last time the stylus
lost contact with the tablet screen. The last point of
contact was identiﬁed when no more coordinates
were recorded further. Once the problem was solved,
the experimenter pressed one of the two labelled keys
coding accuracy and the timer was reset. This procedure ensured that solution times was not contaminated by the time taken by the experimenter to judge
the correctness of the response.

RESULTS
First, the results will be presented for the whole
population. Second, we will focus on the participants
who used both strategies (i.e., starting from the units
or the tens) in order to determine whether the percentages of use of a speciﬁc strategy were modulated by
the characteristics of the problems. Third, the results
for participants who used only the unit strategy will
be described, which will allow us to analyse the role
of problem characteristics on performance when
the dominant strategy is used. Fourth, performance
on problems when the unit strategy is selected will
be compared in mixed-strategy and unit-strategy
users. This analysis will inform us about the potential
beneﬁt of strategy switch across problems. For the
sake of concision and clarity, these last analyses
will focus only on solution times. Finally, correlation
and regression analyses on percentages of use of the
unit strategy in mixed-strategy users will be conducted with carry, tie, sum of the problem, likelihood
of a mental strategy, and parity of operands as the
predictors. The rationale in considering these different predictors will be provided within the section
devoted to these analyses.

Whole population
Percentage of strategy use

Figure 1. Examples of stimuli presented on the graphics tablet
(with the outer frame representing the screen), for non-tie
additions without a carry (top left), tie additions with a carry
(top right), tie additions without a carry (bottom left) and nontie additions with a carry (bottom right).

Sixty-ﬁve per cent of the participants (N = 31)
always started the problem-solving process from
the units, 8% systematically from the tens (N = 4),
whereas 27% mixed the strategy (N = 13). Among
the latter, the unit-strategy was used on average
76% of the time, ranging from 5% to 98%.

STRATEGIES FOR WRITTEN ADDITIONS IN ADULTS

Performance depending on the
strategy
A one-way ANOVA with the strategy used (unit,
tens, or mixed) as the random variable was carried
out on accuracy, initiation, and solution times.

Downloaded by [Université de Genève] at 07:17 18 August 2015

Accuracy. Accuracy did not vary as a function of the
strategy and was very high whatever the condition
(95%, 96%, and 96% for unit, mixed, and tens strategies, respectively), F < 1.
Initiation times. There was a signiﬁcant effect of
strategy on initiation times, F(2,45) = 15.91,
h2p = .41, p < .001. Participants who always started
from the units were faster (1486 ms) than those
who mixed strategies (2158 ms), F(1, 45) = 11.04,
h2p = .20, p = .002, who, in turn, were faster than participants who always started from the tens (3143 ms),
F(1, 45) = 7.90, h2p = .15, p = .007 (see the top and

5

bottom panels of Figure 2 for the unit- and tensstrategy users).
Solution times. There was a marginal effect of
strategy on solution times, F(2, 45) = 2.50, h2p = .10,
p = .09. Participants who started from the units
solved the problems faster (4394 ms) than those
who mixed the strategies (5077 ms) or who started
always from the tens (5095 ms), F(1, 45) = 4.05,
h2p = .08, p = .05 (see the top and bottom panels of
Figure 2 for the unit- and tens-strategy users).

Mixed-strategy users only
Percentage of strategy use
As already mentioned earlier, 13 participants out of
48 (27%) used both strategies. They used the unit
strategy on average on 76% of the problems

Figure 2. Time line for written addition solving, using the unit strategy performed by the unit-strategy group (top panel) and the mixedstrategy group (second panel) and using the tens strategy performed by the mixed-strategy group (third panel) and the tens-strategy group
(bottom panel).

6

DEWI ET AL.

Downloaded by [Université de Genève] at 07:17 18 August 2015

(ranging from 5% to 98%). The following analysis
will elaborate those results as a function of the
characteristics of the problems.
A 2 (carry: no-carry or carry) × 2 (problem type:
tie or non-tie) ANOVA with the two variables as
within measures was performed on the percentage
of use of the unit strategy. Non-tie problems were
more often solved using the unit strategy (80%,
and therefore 20% using the tens strategy) than tie
problems (69%), F(1, 12) = 6.44, h2p = .35, p = .03.
Likewise, problems with a carry were more often
solved using the unit strategy (80%) than problems
without a carry (69%), F(1, 12) = 5.29, h2p = .31,
p = .04.

Performance depending on the
strategy
A 2 (strategy: units or tens) × 2 (carry: no-carry or
carry) × 2 (problem type: tie or non-tie) ANOVA
with the problems as the random variable was performed on accuracy, initiation, and solution times.
The carry and tie factors corresponded to between
measures whereas the strategy factor constituted a
within measure because a problem could be solved
either from the units or the tens. An analysis by participant was impossible due to the fact that some
participants never used a speciﬁc strategy for a
speciﬁc type of problems. For example, 6 participants out of the 13 never used the tens strategy for
a non-tie problem with a carry.

Initiation times
In mixed-strategy users, additions without a carry were
initiated faster (1942 ms) than additions with a carry
(3678 ms), F(1, 56) = 24.60, h2p = .31, p < .001. Moreover, problems started from the units were initiated
faster (1707 ms) than problems started from the tens
(3913 ms), F(1, 56) = 41.68, h2p = .43, p < .001 (see
the second and third panels of Figure 2). This was
true whether there was a carry, F(1, 56) = 49.56,
h2p = .47, p < .001, or not, F(1, 56) = 4.37, h2p = .07,
p = .04. However, the effect of strategy was more pronounced for carry problems than for no carry problems, F(1, 56) = 12.24, h2p = .18, p < .001.
As far as the type of the problem was concerned,
tie additions were initiated faster (2203 ms) than
non-tie additions (3417 ms), F(1, 56) = 12.02,
h2p = .18, p = .001, and this variable also modulated
the effects of strategies, F(1, 56) = 5.51, h2p = .09,
p = .02. Problems started from the units were
initiated faster than problems started from the tens
both for non-tie, F(1, 56) = 58.12, h2p = .51, p < .001,
and non-tie problems, F(1, 56) = 6.33, h2p = .10,
p = .01. However, the effect of strategy was more
pronounced for non-tie problems than for tie problems, F(1, 56) = 5.51, h2p = .09, p = .02.
Finally, the two characteristics of the problems
did not interact, F(1, 56) = 2.10, p = .15, and those
factors did not interact either with the strategy,
F < 1 (Figure 3).

Solution times
Accuracy
In mixed-strategy users and in accordance with previous research (Green et al., 2007; Imbo, Vandierendonck, et al., 2007), additions without carry (97%)
were performed marginally better than additions
with a carry (91%), F(1,56) = 3.14, h2p = .05,
p = .08. However, there was no difference in accuracy depending on the strategy used (97% and 91%
for problems started from the units and the tens,
respectively, F(1, 56) = 2.58, p = .11). These two variables did not interact, F < 1. Regarding the type of
the problem, there was no difference in performance
between tie (95%) and non-tie problems (93%),
F < 1, and again strategy did not impact this result,
F < 1. Finally, the two characteristics of the problems did not interact and those factors did not
interact either with the strategy, both Fs < 1.

In mixed-strategy users, additions without a carry
were solved faster (3998 ms) than additions with a
carry (6640 ms), F(1, 56) = 37.25, h2p = .40,
p < .001. Moreover, problems started from the
units were solved faster (4707 ms) than problems
started from the tens (5931 ms), F(1, 56) = 12.79,
h2p = .19, p < .001 (see the second and third panels
of Figure 2). However, this was true only for problems with a carry, F(1, 56) = 17.05, h2p = .23,
p < .001 (F < 1 when there was no carry and
F(1, 56) = 5.12, h2p = .08, p = .03 for the interaction).
Regarding a problem type, tie additions were
solved faster (4444 ms) than non-tie additions
(6194 ms), F(1, 56) = 16.35, h2p = .23, p < .001, and
this variable also modulated the effects of strategies,
F(1, 56) = 4.64, h2p = .07, p = .04. Again, the effect
of strategy was only signiﬁcant for non-tie problems,
F(1, 56) = 24.27, h2p = .30, p < .001 (F < 1 for tie
problems).
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Figure 3. Initiation time for problems solved from the units (dotted line) and from the tens (solid line) as a function of carry (left panel)
and tie (right panel) by mixed-strategy users.

Finally, we did not ﬁnd an interaction between the
two problem characteristics, F(1, 56) = 2.81, p = .10,
or a two-way interaction with the strategy, F < 1
(Figure 4).

measures was performed on accuracy, initiation,
and solution times (Table 1).

Accuracy
Unit-strategy users only
Performance depending on the
problem characteristics
A 2 (problem type: tie or non-tie) × 2 (carry: carry or
no carry) ANOVA with both variables as within

In unit-strategy users, additions without a carry
(97%) were performed better than additions with a
carry (94%), F(1, 30) = 5.52, h2p = .16, p = .03. Moreover tie problems (98%) were performed better than
non-tie problems (93%), F(1, 30) = 14.86, h2p = .33,
p < .001. Finally, the interaction between the two
characteristics of the problems was marginally signiﬁcant, F(1, 30) = 3.35, h2p = .10, p = .08, and

Figure 4. Solution time for problems solved from the units (dotted line) and from the tens (solid line) as a function of carry (left panel)
and tie (right panel) by mixed-strategy users.
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TABLE 1
The effect of characteristics on accuracy, initiation, and solution
times in unit-strategy users
Tie problems

Accuracy (%)
Initiation time (ms)
Solution time (ms)

Non-tie problems

Carry

No carry

Carry

No carry

97
1378
4443

98
1033
3068

91
2063
5623

95
1188
3758
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showed that the carry effect was observed only for
non-tie problems, F(1, 30) = 9.32, h2p = .24, p = .004,
but not for tie-problems, F < 1.

unit- vs. mixed-strategy users) × 2 (carry: carry vs.
no carry) × 2 (problem type: tie vs. non-tie)
repeated-measures ANOVA with ﬁrst variable as a
between measure and the two last variables as
within measures was conducted on solution times.
Because two mixed-strategy users did not use the
unit strategy in all problem-type categories, only the
data of 11 participants in this group were included
in this analysis. The results revealed that solution
times did not differ signiﬁcantly between mixed(4736 ms) and unit-strategy users (4223 ms), F(1,
40) = 2.12, p = .15, and this was true whatever the
characteristics of the problems (both Fs < 1).

Correlation and regression analyses
Initiation times
In unit-strategy users, initiation times were longer for
carry problems (1721 ms) than for problems without
carry (1111 ms), F(1, 30) = 113.84, h2p = .79,
p < .001. Moreover they were longer for non-tie problems (1623 ms) than for tie problems (1206 ms),
F(1, 30) = 54.85, h2p = .65, p < .001. Finally, the interaction between the two characteristics of the problems was signiﬁcant, F(1, 30) = 41.10, h2p = .58,
p < .001, and showed that the carry effect was
more pronounced for non-tie problems, F(1, 30) =
101.49, h2p = .77, p < .001, than for tie problems,
F(1, 30) = 49.26, h2p = .62, p < .001.

Solution times
In unit-strategy users, solution times were longer for
carry problems (5033 ms) than for problems without
a carry (3413 ms), F(1, 30) = 214.87, h2p = .88,
p < .001. Moreover they were longer for non-tie problems (4690 ms) than for tie problems (3756 ms),
F(1, 30) = 88.47, h2p = .75, p < .001. Finally, the interaction between the two characteristics of the problems was signiﬁcant, F(1, 30) = 10.59, h2p = .26,
p = .003, and showed that the carry effect was
more pronounced for non-tie problems, F(1, 30) =
215.53, h2p = .88, p < .001, than for tie problems,
F(1, 30) = 96.36, h2p = .76, p < .001.

Mixed-strategy users vs. unit-strategy
users
To investigate the use of the dominant unit strategy
by different strategy users, a 2 (strategy group:

Naturally, we considered tie (coded 1 and non-tie 0)
and carry (coded 1 and non-carry 0) as predictors of
percentages of use of the unit-strategy in the 13 participants who used both strategies. Problem sum was
also entered as a predictor because the problem size
is well known to impact the addition-solving process
(e.g., Campbell & Xue, 2001; LeFevre, Sadesky, &
Bisanz, 1996; Thevenot, Fanget, & Fayol, 2007).
Parity of operands is also known to inﬂuence strategy choice (e.g., Lemaire & Reder, 1999; Masse &
Lemaire, 2001) and was entered in the analyses as
a variable with 1 coding for two odd operands, 2
coding for two even operands, and 3 coding for problems with one odd and one even operand. Finally,
Torbeyns and Verschaffel (2013) examined the
effect of the likelihood of the use of a mental strategy
for speciﬁc problems. We adapted their classiﬁcation
and considered problems with one of the operands
with 0, 1, and 9 as the unit as easily solvable mentally. They were coded 1 against 0 for all other problems. These problems are indeed easy to solve
through a round-up or round-down strategy (e.g.,
Imbo, Duverne, & Lemaire, 2007) and might limit
the use of a strict written algorithm.
Percentages of use of the unit-strategy were highly
correlated with the presence of a carry (r = .40,
p = .001), the type (tie vs. non-tie) of the problem
(r = .38, p = .003), and the sum of the problem
(r = .28, p = .03). The other factors were not related
to percentages of use of the unit strategy. In order
to determine the amount of variance explained by
each of those factors, we ran a stepwise regression
analysis, introducing a carry in the ﬁrst step, the
problem type (tie vs. non-tie) in the second step,
and the sum of the problem in the third step. The
presence of a carry explained 16% of the variance
in the percentages of use of the unit-strategy,
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F(1, 58) = 11.21, p = .001. The introduction of the
problem type in the model added a signiﬁcant 15%
to the explained variance, F(1, 57) = 12.08,
p = .001. The last step consisted in entering the
sum of the problem to the model. Again, the
addition of this factor increased signiﬁcantly the percentage of explained variance by 7%, F(1, 56) = 6.40,
p = .01. Another regression analysis was conducted
with the introduction of the remaining variables as
next steps, but no other factor led to a signiﬁcant
increase of R 2.

Downloaded by [Université de Genève] at 07:17 18 August 2015

DISCUSSION
This research was conducted in order to examine the
strategies used by adults when they solve written
additions. We were particularly interested in the
factors that may inﬂuence the choice of a strategy
over another. The originality of the study lies in
part in the use of a graphics tablet, which allowed
precise tracking and description of individuals’
solving process. If participants started to solve the
problem from the units, we could infer that they
used the columnar strategy taught at school. In contrast, if participants started from the tens or the hundreds, they obviously did not use this rigid strategy
but a more ﬂexible one closer to mental strategies.
Our results clearly show that solving the additions
from the units was the preferred strategy of adult participants. Therefore, similar to children (Ginsburg
et al., 1981; Lucangeli et al., 2003; Torbeyns &
Verschaffel, 2013), adults mainly use the strategy
taught at school rather than more ﬂexible mental
strategies such as partial or full decomposition or
even direct retrieval of the answer from memory.
This seems to be an adaptive choice because solution
times were shorter when problems were solved by the
columnar strategy than when they were started from
the tens. In the latter case, initiation times were logically longer than for the columnar strategies.
Indeed, when processing starts from the tens, participants have to solve the problems mentally ﬁrst before
they start writing the solution. More interesting is the
fact that this lag in initiation times was not caught up
later on during the solving process (see Figure 2). The
shorter initiation and solution times when additions
are solved from the units was, however, not detrimental to the accuracy, as both strategies led to a comparable number of correct answers. Therefore, and
contrary to what we suggested in the introduction
of this article, the use of the columnar strategy is
not a transient developmental stage and, moreover,
it seems to be the best strategy. This result in adults
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is original and suggests that standard written algorithms are less inefﬁcient and less cognitively costly
than it was suggested in the past (Selter, 2001, cited
by Verschaffel et al., 2007). This is coherent with
Hickendorff, Heiser, Van Putten, and Verhelst
(2009) observations in 11–12-year-old Dutch children who received reform-orientated mathematics
instruction insisting on the use of mental strategies.
Mental computation was indeed frequently
implemented by children but this change in strategy
choices was associated with a decrease in performance compared to the previous situation wherein children classically apply standard written algorithms.
Our results are also perfectly in line with the observations made by Torbeyns and Verschaffel (2013) in
10-year-old Flemish children who largely prefer the
written algorithm strategies over mental calculations,
whatever the characteristics of multi-digit additions
and subtractions. Again, this choice appeared to be
highly adaptive because children were more performant when they were forced to choose written
rather than mental strategies. Altogether, our results
in adults and previous results in children support
the conclusion that ﬂexible and innovative strategies
do not always result in better performance than
more rigid and less cognitively elaborated solution
methods.
Following Torbeyns and Verschaffel’s conclusions
(2013) in children, our results suggest that, even for
adults, the working memory demand put on the cognitive system during multi-digit calculation is high
enough to beneﬁt from a strategy that releases
memory resources. Indeed, mental calculation
requires the temporary storage of transient results
before the ﬁnal answer can be reached (DeStefano
& LeFevre, 2004). On the contrary, working
memory is necessarily less taxed when intermediary
results can be put down directly in writing. Furthermore, no matter how many digits there are in the
addends, the calculation is reduced into one singledigit addition at a time. The advantage of the columnar strategy is attested in our experiment by the fact
that participants who always started to process the
problems from the units were faster than participants who always started from the tens or even
from participants who mixed the two strategies.
This last result demonstrates that strategy switching
between problems is not advantageous. However,
strategy switch-costs (e.g., Ardiale, Hodzik, &
Lemaire, 2012; Lemaire & Lecacheur, 2010) are
not likely to explain that the mixed strategy is not
the optimum one because when solution times are
examined only for the unit strategy, there is no difference between mixed-strategy and unit-strategy users.
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Switch-costs would have necessarily resulted in
shorter solution times when the unit strategy is systematically repeated than when it is intermixed
with mental strategies. Contrary to past intuitions,
the conclusion here is again that, generally, mental
strategies are time-consuming and cognitively
demanding in comparison to written algorithms.
However, as we will develop later, this reasoning
holds only if selection effects do not bias our
results or, in other words, if the characteristics of
participants (fast or slow for example) are not determinant of strategy choices.
Still, the analyses we conducted on mixed-strategy
users showed that the percentages of use of the unit
strategy can be modulated depending on the characteristics of the problems. The unit strategy was indeed
more often used for carry and non-tie problems.
However, the effects of the characteristics of the problems never interacted. To the best of our knowledge,
our research is the ﬁrst revealing an impact of multidigit tie problems on individuals’ strategies. Tie problems were therefore more often used through the
implementation of mental strategies and, maybe,
through the use of direct retrieval of the answer
from long-term memory. If our participants knew
that 32 + 32 is 64, there was no need for them to
engage in the sequential columnar routine. Again,
this variation in strategy choice seemed very adaptive
as tie problems were initiated and solved faster than
non-tie problems and were also more accurately
solved. Furthermore, regression analyses allowed us
to study the inﬂuence of factors that were not
manipulated in the analysis of variance. These analyses conﬁrmed the role of carry and tie problems
in determining the choice of the strategy. Moreover,
the sum of the problem turned out to be also a
good predictor of the strategy used. Interestingly
and in perfect accordance with Torbeyns and
Verschaffel’s (2013) observations, problems that
were easy to round up or round down did not elicit
a particular strategy. Finally, parity of the operands
did not operate either as a predictor of percentages
of use of the unit strategy.
The fact that the unit strategy was more often
used for tie and carry problems strengthens our conclusion that the unit strategy is particularly efﬁcient
when the working memory demand of the problem
is high. In the same line and even more interestingly,
the use of the unit strategy seems to reduce the intrinsic difﬁculty of the problem. This is suggested by the
fact that for easy problems (i.e., tie and no carry),
solution times did not differ as a function of the
strategy used by mixed-strategy users. In contrast,
for difﬁcult problems (i.e., non-tie or with a carry),

solution times were longer than for easy problems
only when the problems were solved by mental calculations. When standard columnar algorithms were
used, there was no more difference in percentages
of correct answer as a function of the difﬁculty of
the problem. Of course, this is not to say that the
unit strategy always annihilates problem difﬁculty
because individuals who always use the unit strategy
still suffer from the cognitive demand of the calculations. Indeed, carry and tie effects interacted
within this population and carry problems led to
lower percentages of correct answers, were initiated
and solved slower than non-carry problems,
especially when the problems were non-ties.
To conclude, we showed here that adults mainly
rely on the columnar strategy to solve two-digit
additions presented vertically. However, the choice
of a strategy to solve the problems was inﬂuenced
by the presence of carry and the nature of the operands involved in the problems, namely repeated or
different operands. This shows that individuals do
not always blindly follow a ﬁxed and standard
written routine but can also adapt their strategy to
the characteristics of the problem. Still, we failed
to demonstrate here that this adaptivity to the
problem characteristics was associated with better
performance in the task. On the contrary, our set
of results concurs to the conclusion that systematically using rigid algorithms in order to solve
written calculations is the best strategy. These
results were obtained using a promising technique
of investigation ensuring an ecological observation
of individuals’ behaviours. Indeed and contrary to
verbal reports, known to be potentially problematic
(e.g., Ericsson & Simon, 1980; Kirk & Ashcraft,
2001; Lucidi & Thevenot, 2014; Thevenot, Castel,
Fanget, & Fayol, 2010), our experimental setting
cannot inﬂuence participants’ strategies by drawing
their attention on the object of the study. Moreover,
a description of our participants’ production
revealed that out of 44 adults who used the unit strategy, only 19 made use of the carry box. Interestingly,
the carry was systematically written down after the
unit. The fact that a written record of the carry processing was not available for 25 of our participants
demonstrates that post-production observation is
not a reliable method of investigation in written
arithmetic. Finally, an online observation of participants’ behaviours in a classic paper-and-pencil task
would have been more informative but precise solution and initiation time collection would not have
been possible.
However, in order to gather more robust conclusions about the adaptivity of adults’ strategy
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choices for written calculations, future research
using our experimental setting with the graphics
tablet could apply the choice/no-choice methodology developed by Siegler and Lemaire (1997).
Indeed, a possible bias in studies wherein only a
choice condition is examined is called the selection
effect according to which, for example, a strategy
used mainly on easy items will seem more efﬁcient
than a strategy that is almost exclusively used on difﬁcult items. In order to avoid this selection effect,
participants can be forced to use a speciﬁc strategy
for all items and their performance in the choice
and no-choices condition is compared. The choice/
no-choice methodology seems quite appropriate for
our research question because we have identiﬁed
two speciﬁc strategies (i.e., starting from the units
or the tens), which constitutes the exhaustive list of
strategies that can be applied in the choice condition.
As noted by Luwel, Onghena, Torbeyns, Schillemans, and Verschaffel (2009), the choice/no-choice
methodology can be more problematic when the
task under study or the way the task is apprehended
can elicit numerous and various strategies. Additionally, future research could address the role played by
the orientation of the problem on strategy choice
selection. Within our design, the vertical presentation of the addends may have increased the frequency of the strict columnar strategy (Lemaire &
Callies, 2009). It might therefore be interesting to
contrast vertical and horizontal presentations.
Another line of research that would deserve further
investigation is the exploration of the mental strategy that was used when participants did not start
the solving process from the units. It is indeed a
limitation of the present study that strategies can
only be classiﬁed as mental or written. As described
in our Introduction, mental strategies in multi-digit
calculations are numerous and learning further
how they are implemented depending on the characteristics of the problems would provide a more comprehensive picture of strategy use in written
arithmetic. To this aim, combining the use of the
graphics tablet with differed verbal report collection
and on-line observations could be useful. Moreover,
carry and tie problems were studied here but other
problem characteristics could also inﬂuence the
solving process and should be investigated in the
future (i.e., problems with 0, tie problems on operands with a repeated number (22 + 22), problems
with a sum equal to 10 on the units … ). Finally, a
factor that could also inﬂuence strategy choices is
the succession of strategies. It has indeed been
shown repeatedly that using a strategy on a speciﬁc
problem can impact the choice of the strategy on
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the subsequent one (Lemaire & Hinault, 2014;
Lemaire & Lecacheur, 2010; Luwel, Schillemans,
Onghena, & Verschaffel, 2009; Uittenhove, Poletti,
Dufau, & Lemaire, 2013). All those avenues for
research suggest that written calculation could
beneﬁt from more attention from researchers and
our ﬁrst attempt for a precise description of adults’
behaviour in this ﬁeld might constitute a starting
point. Developmental studies could also be worthwhile and the replication of our study with the
graphics tablet in children might be valuable on
theoretical and educational point of views.
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APPENDIX
The 60 additions and the corresponding problem types (tie and carry).
Addend 1

Addend 2

43
34
31
41
32
39
38
36
45
25
61
62
53
72
64
58
69
65
79
59
12
23
60
10
16
34
23
16
11
32

43
34
31
41
32
39
38
36
45
25
61
62
53
72
64
58
69
65
79
59
30
30
24
57
73
51
43
83
64
41

Tie

Carry

Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie

No carry
No carry
No carry
No carry
No carry
Carry
Carry
Carry
Carry
Carry
No carry
No carry
No carry
No carry
No carry
carry
carry
carry
carry
carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry

Addend 1

Addend 2

18
29
39
24
16
18
18
28
18
19
44
29
70
90
12
64
61
33
54
33
58
73
68
12
24
28
55
54
57
54

59
67
55
37
76
24
34
38
62
36
90
80
85
34
92
73
63
96
61
75
97
77
78
98
89
84
65
77
99
66

Tie

Carry

Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie
Non-tie

Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
No carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry
Carry

