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Solving simple arithmetic word problems is often challenging for children. Recent research suggests that
children often fail to solve certain of these problems because they fail to inhibit erroneous heuristic
intuitions that bias their judgment. However it is unclear whether these errors result from an error
monitoring or inhibition failure. Our study focuses on this critical error detection. Eight to eleven year-
old schoolchildren were given problems in which an intuitively cued heuristic answer conflicted with the

correct answer and a control version in which this conflict was not present. After solving each version
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children were asked to indicate their response confidence. Results showed that children showed a sharp
confidence decrease after having failed to solve the conflict problems. This indicates that erring children
have some minimal awareness of the questionable nature of their answer and underscores that they have
more arithmetic understanding than their errors might seem to suggest.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Solving simple arithmetic word problems is a key ability that
children need to master throughout their elementary school
mathematics curriculum. These simple word problems involve
basic mathematical operations such as addition and subtraction.
Although even young infants have been shown to have precocious
knowledge of elementary arithmetic operations (Lubin, Poirel,
Rossi, Pineau, & Houdé, 2009; Wynn, 1992), solving arithmetic
word problems is often challenging for school-aged children and
even for adults (Verschaffel, 1994). In arithmetic word problems,
compare problems are typically considered to be the most difficult’
(e.g., De Corte & Verschaffel, 1987; Giroux & Ste-Marie, 2001; Lewis
& Mayer, 1987; Morales, Shute, & Pellegrino, 1985; Riley & Greeno,
1988; Schumacher & Fuchs, 2012; Stern, 1993). Consider the
following example (Riley, Greeno, & Heller, 1983):
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Mary has 8 marbles. She has 5 more marbles than John. How
many marbles does John have?

What makes these problems hard is that they introduce rela-
tional terminology such as “less than” or “more than” (Schumacher
& Fuchs, 2012). In addition, as the introductory problem illustrates,
the relational term that is introduced can be inconsistent with the
arithmetic operation (e.g., subtraction) required to solve the
problem (Lewis & Mayer, 1987; called these “inconsistent lan-
guage” problems). Hence, the relational term will cue a response
that conflicts with the correct mathematical response. That is,
children will be tempted to add rather than to subtract (e.g., they
will answer “13” instead of “3”). The available evidence indeed
suggests that the incorrect responses in these type of problems are
typically so-called “reversal errors” characterized by adding the
numbers instead of subtracting them or vice versa (Lewis & Mayer,
1987; Stern, 1993; Stern & Lehrndorfer, 1992; Verschaffel, de Corte,
& Pauwels, 1992). The aim of the present study is to better under-
stand the nature of these errors in this type of arithmetic word
problem in elementary schoolchildren.

Recently, Lubin, Vidal, Lanoé, Houdé, and Borst (2013) suggested
that failures to solve the problems are related to an executive failure


Delta:1_surname
mailto:amelie.lubin@parisdescartes.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.learninstruc.2015.07.005&domain=pdf
www.sciencedirect.com/science/journal/09594752
http://www.elsevier.com/locate/learninstruc
http://dx.doi.org/10.1016/j.learninstruc.2015.07.005
http://dx.doi.org/10.1016/j.learninstruc.2015.07.005
http://dx.doi.org/10.1016/j.learninstruc.2015.07.005
https://www.researchgate.net/publication/271904367_Developmental_Analysis_of_Understanding_Language_About_Quantities_and_of_Solving_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/271904367_Developmental_Analysis_of_Understanding_Language_About_Quantities_and_of_Solving_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/271904367_Developmental_Analysis_of_Understanding_Language_About_Quantities_and_of_Solving_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/279002912_Students'_Miscomprehension_of_Relational_Statements_in_Arithmetic_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/38138480_What_makes_certain_arithmetic_word_problems_involving_the_comparison_of_sets_so_difficult_for_children_Journal_of_Educational_Psychology_85_7-23?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/38138480_What_makes_certain_arithmetic_word_problems_involving_the_comparison_of_sets_so_difficult_for_children_Journal_of_Educational_Psychology_85_7-23?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/38138480_What_makes_certain_arithmetic_word_problems_involving_the_comparison_of_sets_so_difficult_for_children_Journal_of_Educational_Psychology_85_7-23?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/222732275_Math_in_actions_Actor_mode_reveals_the_true_arithmetic_abilities_of_French-speaking_2-year-olds_in_a_magic_task?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/222732275_Math_in_actions_Actor_mode_reveals_the_true_arithmetic_abilities_of_French-speaking_2-year-olds_in_a_magic_task?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/247502246_Developmental_Differences_in_Understanding_and_Solving_Simple_Mathematics_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/247502246_Developmental_Differences_in_Understanding_and_Solving_Simple_Mathematics_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==
https://www.researchgate.net/publication/247502246_Developmental_Differences_in_Understanding_and_Solving_Simple_Mathematics_Word_Problems?el=1_x_8&enrichId=rgreq-61d68576-2b3b-4d9b-a737-aef0c0ecaf76&enrichSource=Y292ZXJQYWdlOzI4MDQ4MzEyOTtBUzoyNjcwNDIyNTEwNzk2ODBAMTQ0MDY3OTI0Mjg1NA==

2 A. Lubin et al. / Learning and Instruction 40 (2015) 1-8

to inhibit an overlearned arithmetic strategy or heuristic. They
hypothesized that errors occur because children will intuitively rely
on an automatically activated “add if more, subtract if less” rule of
thumb or heuristic. Interestingly, this intuitive strategy emerges
precociously, is reinforced by academic learning, and is still present
in adulthood (De Corte, Verschaffel, & Pauwels, 1990; Tirosh,
Tsamir, & Hershkovitz, 2008; Vamvakoussi, Van Dooren, &
Verschaffel, 2012). Note that the “add if more, subtract if less”
heuristic can be considered as a special case of the “key-word”
strategy (e.g., De Corte et al., 1990; Hegarty, Mayer, & Green, 1992;
Stern, 1993; Verschaffel, 1994; Verschaffel et al., 1992). The key-
word strategy refers to a general tendency whereby children base
their choice of strategy (i.e., to add or subtract) on a superficial look
at the key word in the problem statement (e.g., “more/less” in the
examples here but more generally also related words such as “win/
lose” or “gain/loss”).

Clearly, in and by itself, in many cases the “add if more, subtract
if less” heuristic (or key word strategy) can be useful and will help
children to arrive at a correct response. Consider the following
example in which the relational term and required mathematical
operation are consistent (Lewis & Mayer, 1987 called this a
“consistent language problem”):

Mary has 8 marbles. John has 5 more marbles than Mary. How
many marbles does John have?

In this case applying the heuristic will cue the correct answer
“13”. However, the point is that sometimes (i.e., when the relational
term is inconsistent with the required mathematical operation) it
will also cue a response that conflicts with the correct mathemat-
ical answer and bias our reasoning. Consequently, correctly solving
such “conflict” problems will require that children inhibit the
tendency to simply apply the heuristic.

To validate their claim about the role of inhibitory processing in
avoiding arithmetic word problem errors, Lubin et al. (2013)
adopted a negative priming paradigm (Tipper, 1985). The basic
idea behind this paradigm is simple: if you inhibit a specific strat-
egy on one trial, then activation of this same strategy on a subse-
quent trial should be hampered (Borst, Moutier, & Houdé, 2013).
Bluntly put, when you block a strategy at Time 1, you will pay a
price when trying to reactivate it again immediately afterwards.
Therefore, Lubin et al. had children first solve a “conflict” arithmetic
word problem in which they needed to refrain from using the “add
if more, subtract if less” heuristic (e.g., the relational term and
required mathematical operation were inconsistent, e.g., “Mary has
8 marbles. She has 5 more marbles than John. Does John have 13
marbles?”). Immediately afterwards they were presented with a
“no-conflict” arithmetic word problem in which the heuristic cued
the correct response (i.e., the relational term and required opera-
tion were consistent, e.g., “Mary has 8 marbles. John has 5 more
marbles than Mary. Does John have 13 marbles?”). Lubin et al.
observed that sixth-graders, nine-graders and adults were slowed
down on the no-conflict problem when they had previously solved
the conflict problem correctly. When the no-conflict problem was
preceded by a control problem that did not require blocking the
heuristic (e.g., “Joe has 25 pens. Marc has 10 pens. Does Joe have
more pens than Marc?”) such slowing down was not observed. This
pattern is consistent with the postulated role of inhibitory pro-
cessing in arithmetic word problem solving.

In general, accounts that have stressed the importance of inhi-
bition in human cognition and development have received wide
support and have become increasingly popular (e.g., Babai,
Eidelman, & Stavy, 2012; Dempster & Brainerd, 1995; De Neys &
Everaerts, 2008; De Neys & Van Gelder, 2008; Houdé, 1997, 2000,
2007; Reyna, Lloyd, & Brainerd, 2003; Simoneau & Markovits,

2003). More specifically, there is also a rapidly growing field of
literature on the importance of inhibition for mathematical
learning (e.g., Attridge & Inglis, in press; Clayton & Gilmore, in
press; Gillard, Van Dooren, Schaeken, & Verschaffel, 2009;
Gilmore et al.,, 2013; Gilmore, Keeble, Richardson, & Cragg, in
press; Lubin et al. 2013; Sziics, Devine, Soltesz, Nobes, & Gabriel,
2013; Van Hoof, Janssen, Verschaffel, & Van Dooren, 2014). How-
ever, the precise nature of children's inhibition failure when failing
to solve arithmetic word problems is not clear. A key question is
whether children fail the problems because they lack the executive
resources to complete inhibiting the heuristic strategy or because
they fail to detect that they need to inhibit the strategy in the first
place. To clarify this point it is important to stress that inhibitory
accounts do not posit that children always need to block their
heuristic intuitions (e.g., Brainerd & Reyna, 2001; De Neys &
Franssens, 2009; De Neys & Vanderputte, 2011; Houdé &
Guichart, 2001; Jacobs & Klaczynski, 2002; Klaczynski, Byrnes, &
Jacobs, 2001; Reyna et al., 2003; Stanovich, West, & Toplak, 2011).
As we already noted, in many situations automatized heuristic
strategies can provide a valid and useful basis for our judgment.
Indeed, the no-conflict word problems that we introduced above
are a very good illustration of this point. When the relational term
does not conflict with the required mathematical operation, it is
perfectly reasonable to rely on the heuristic. This implies that an
efficient inhibition requires that one monitors for such conflict first
and inhibits the heuristic strategy whenever it is detected. The
detection might be quite implicit and boil down to a vague
awareness that the heuristic response is not fully warranted (e.g.,
De Neys, 2012, 2014; Proulx, Inzlicht, & Harmon-Jones, 2012) but it
is nevertheless a crucial building block for an efficient inhibition
process. Hence, what we need to know is whether children show
some minimal awareness of the questionability of their errors or
not. Unfortunately, the efficiency of such an error detection process
in simple arithmetic word problems has not been examined.

From a theoretical point of view, testing children's error detec-
tion skills is paramount to unravel the precise nature of their
arithmetic failure. However, at a more applied level establishing
whether or not children have some basic sensitivity with respect to
their errors is also important to develop efficient intervention
programs to de-bias their thinking. Existing general educational
intervention programs aimed at reducing children's and adults'
overreliance on heuristic impressions during reasoning have often
focused on training participants' inhibitory processing capacities
(e.g., Houdé, 2007; Houdé et al., 2000; Moutier, 2000; Moutier &
Houdé, 2003). However, if younger children do not yet detect that
the cued “add if more, subtract if less” heuristic is erroneous, such
inhibition training will have less than optimal results in the case of
arithmetic word problem solving. Clearly, any increase in inhibitory
processing capacity per se is rather pointless if one is not able to
determine whether or not it is needed to inhibit in the first place.
Hence, examining children's error detection skills is paramount to
determine which component an optimal intervention program
needs to target.

In sum, both for theoretical and practical reasons it is important
to test children's error detection efficiency during arithmetic word
problem solving. In the present study we directly address this issue.
We focused on the performance of a group of eight to eleven year-
old elementary schoolchildren (third to fifth grade) because chil-
dren in this age range are known to still have difficulties with
arithmetic word problems (and we are obviously specifically
interested in erroneous responses here, e.g., Lewis & Mayer, 1987;
Morales et al., 1985; Riley et al., 1983). To test our hypothesis,
children were given both conflict and no-conflict versions of simple
arithmetic word problems. We therefore manipulated whether the
relational term was consistent or inconsistent with the required
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mathematical operation.

After solving each version children were asked to indicate their
response confidence on a simplified rating scale (e.g., De Neys &
Feremans, 2013). This allowed us to measure children's error
detection sensitivity. If erring elementary schoolchildren do not
have an elementary understanding of the required mathematical
operation or do not detect a conflict between their erroneous
answer and this knowledge, their response confidence should not
differ after solving conflict and no-conflict problems. However, if
children have a minimal awareness of the unwarranted nature of
their erroneous answer, this should decrease their confidence and
result in lower confidence ratings after solving conflict than after
solving no-conflict control problems.

2. Method
2.1. Participants

A total of 137 children (mean age + SD = 9.8 + .9 years, 67 girls)
were tested. The children were recruited from three grades (grade
3, 4, and 5) from the same elementary school in Paris, France. We
sampled an approximately even number of participants from each
grade level (N = 41 for grade 3, N = 50 for grade 4, N = 46 for grade
5). All children had French as their mother tongue. The study was
approved by the local school board and all parents or guardians
gave informed consent for the study.

2.2. Material and procedure

Participants were collectively tested in their classroom. Booklets
were distributed by the experimenter and children were instructed
not to begin before receiving the general instruction. Before start-
ing the experiment, the experimenter explained to the children
that they had to solve four arithmetic problems. The children were
then familiarized with the 5-point rating scale which was printed
on the first page of the booklet. Five cylinders of different height
were used to represent the different levels of the scale that ranged
from O (“really not sure”) to 4 (“totally sure”). The experimenter
explained each point and gave some examples to check their scale
understanding. Note that the training questions were designed to
be either very easy (“what is your name?”) or very hard (“Is Brus-
sels a town in Suisse?”). The idea was that by presenting questions
of varying difficulty we could quite naturally illustrate the
response-confidence concept by pointing out that one might be
sure about their response to some questions whereas one might be
less sure about their response to other questions (e.g., De Neys,
Lubin, & Houdé, 2014). For the hard questions, children were
explicitly told by the experimenter that this was a really hard
question and that they presumably felt unsure as to whether their
answer was correct. Overall, the familiarization indicated that
children had little trouble understanding the confidence question
and rating scale. After the general instruction, the children were
asked to write down their answer to each problem on the indicated
space and then to circle the cylinder that best reflected their feeling
of confidence (see Fig. 1).

Each participant was presented with a total of four problems in a
booklet composed of 2 pages with 2 problems by page. Two of
presented problems were conflict problems and the other two were
no-conflict control problems. As illustrated in the introduction, the
conflict and no-conflict version were created by manipulating
whether the relational term was consistent or inconsistent with the
required mathematical operation. An overview of all the problems
can be found in the Appendix (Table 1). All four problems had a
different content to keep children motivated and avoid potential
cross-item interference. To minimize superficial content

Mary has 40 marbles.
She has 10 more marbles than John.
How many marbles does John have ?

John has marbles.

Are you sure your answer is correct?

Totally Sure
Really Sure

Sure
Not sure I

Fig. 1. An example of the item format with five-point confidence scale. Five cylinders
were used to represent the different levels of the scale that ranged from 0 (“really not
sure”) to 4 (“totally sure”). The children had to write down their answer and to circle
the cylinder that best reflected their feeling of confidence.

Really not sure

interference further we also used two slightly altered problem
formats. Two problems (one conflict, one no-conflict) were based
on the format used by Stern (1993) (e.g., There are 20 hens in the
farm. There are 10 more hens than cows in the farm. How many
cows are in the farm?). The two other problems (one conflict, one
no-conflict) were based on the format used by Riley et al. (1983)
(e.g., Mary has 40 marbles. She has 10 more marbles than John.
How many marbles does John have?). These two formats have the
same structural characteristics but the different format should
make the task less repetitive for participants. We also counter-
balanced the nature of the relational term that was used. For half of
the participants all conflict and no-conflict problems used the
relational term “more than”, for the other half of the participants
the relational term “less than” was used in all presented problems.
Note that control analyses established that neither the format nor
relational term affected the critical confidence findings (see results
for details). Reported findings are averaged over these factors. For
all problems we used simple operations (addition or subtraction)
that involved numbers that were multiples of 10 (see Appendix,
Table 1). Half of the presented booklets started with a conflict
problem, while the other half started with a no-conflict problem.
One might note that the number of presented problems (i.e.,
four, two conflict and two no-conflict items) in the present study is
somewhat smaller than in most studies on arithmetic word prob-
lem solving (e.g., Verschaffel, 1994). The rationale to limit the
number of presented problems is based on a methodological
concern in the work on error detection. Indeed, a key critique of
error detection work in the reasoning and decision making field is
that repeated testing with conflict and no-conflict items might lead
to a cueing or implicit learning effect (De Neys, 2012; Kahneman,
2011). The concern is that in lengthy test sessions with multiple
items the repeated alteration of conflict and no-conflict control
items might artificially direct participants to start monitoring for
conflict which might result in an overestimation of the error
sensitivity. To sidestep this potential complication, we have opted
to limit the number of items (e.g., see also De Neys, Rossi, & Houdé,
2013; De Neys et al., 2014; for a related approach). In a develop-
mental context this has the additional advantage that the study is
kept short and children have little trouble staying maximally
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motivated to answer the problems and indicate their confidence.

Each participant in the present study solved two conflict and
two no-conflict problems. To get some overall indication of the
reliability of the items we have calculated Cronbach's alpha for the
accuracy and confidence measures. With respect to accuracy,
Cronbach's alpha reached .69 for the conflict items (alpha was not
computed for control problems given the ceiled performance and
lack of variability). With respect to confidence ratings, Cronbach's
alpha reached .56 for conflict problems and .70 for no-conflict
problems. The somewhat lower value for conflict problems is not
surprising given the less than perfect reliability of the conflict
problem accuracy. If participants answer one problem correctly and
incorrectly, the effect of accuracy (e.g., lower confidence for an
incorrect vs. correct response) can attenuate the assessment of the
confidence rating reliability per se. To address this problem we also
calculated Cronbach alpha for the vast majority of reasoners
(n = 117 out of 137) who answered both conflict problems
consistently (i.e., two correct or incorrect conflict responses). This
gives us a pure measure of the reliability of the conflict confidence
rating per se. Results showed that in this corrected for attenuation
analysis Cronbach alpha reached .70. By and large, this suggests
that despite the limited number of items, our key measures have
acceptable reliability.

3. Results and discussion

Accuracy. Consistent with previous findings, we observed that
although our group of elementary schoolchildren performed fairly
well overall, they had still some difficulties solving the conflict
versions correctly (overall accuracy + SE = 78 + 3%). However,
when there was no conflict and correct responding did not entail
inhibition of the cued heuristic answer, children had little difficulty
solving the task. Accuracy on the no-conflict control versions
reached 99 + 1% which was significantly better than the perfor-
mance on the conflict versions, F (1, 136) = 46.4, p < .00001,
np2 = .25. In line with the expectations, the vast majority of the
erroneous responses on the conflict problems (i.e., 85%) were
reversal errors in which children added instead of subtracted (or
vice versa).

Note that the virtually perfect performance on the no-conflict
control problems indicates that participants' failure to solve the
conflict problems cannot be attributed to a general lack of moti-
vation or concentration confound. If children erred because they
were not motivated to complete the task, their performance on the
no-conflict control problems should have been equally affected.

Children in our study were recruited from three different grade
levels. Although our study was not designed with a developmental
goal in mind, for completeness, we also entered grade level as an
additional factor in the accuracy analysis. This resulted in a 2
(Conflict, within-subjects) x 3 (Grade Level, between-subjects)
mixed model ANOVA.?> The analysis showed that there was a
main effect of the Conflict factor, F (1, 134) = 48.6, p < .00001,
np2 = .27, a main effect of the Grade factor, F(2,134) = 4.2, p = .016,
np2 = .06 and a significant interaction, F (1, 80) = 3.5, p = .03,
np2 = .05. Bonferroni post-hoc analyses established that perfor-
mance on the conflict problems increased with grade (grade
5 > grade 4 = grade 3, p <.05). However, on the no-conflict control

2 To make sure that the basic dichotomous nature of the accuracy data was not
distorting the findings the analysis was also run with non-parametric tests. Results
were consistent. A Wilcoxon matched pairs test showed that there was a significant
effect of conflict, Z = —6.008, p < .001. A Kruskal—Wallis test showed that the Grade
effect was significant for conflict problems, H(2, n = 137) = 7.687, p < .025, but not
for no-conflict problems, H(2, n = 137) = 1.794, p = .408.
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100 -

80 -

60 -

% correct

40 -

20

grade 3 grade 4 grade 5

Fig. 2. Average percentage of correct responses on conflict and no-conflict control
problems in different grades. Error bars are standard errors.
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Fig. 3. Average response confidence (%) for erroneously and correctly solved conflict
problems in contrast with the same individuals' average response confidence for
correctly solved no-conflict problems. Error bars are standard errors.

problems all grade levels performed at ceiling (all p = 1). These
results are shown in Fig. 2.

Response confidence. The central question in our study con-
cerned participants' response confidence. Obviously, to test the
error detection sensitivity we were specifically interested in the
confidence ratings for erroneously solved conflict problems. The
key contrast concerns the confidence ratings for erroneously solved
conflict problems and correctly solved no-conflict control prob-
lems. To recap, the no-conflict control problems can be solved
correctly by mere reliance on the cued heuristic response. If chil-
dren have a minimal awareness of the unwarranted nature of their
erroneous answer when solving the conflict problems, this should
decrease their confidence and result in lower confidence ratings
after solving conflict than after solving no-conflict control prob-
lems. Therefore, for each individual we calculated the average
confidence rating for erroneous conflict responses and correct no-
conflict responses.’ For ease of presentation all confidence ratings
were rescored to percentage points. Results confirmed that there
was a clear (about 9%) confidence drop for erroneous conflict re-
sponses, F(1,40) = 7.6, p < .01, np2 = .16. This is illustrated in Fig. 3.
For completeness, we also ran the same contrast for correctly
solved conflict problems (i.e., correct conflict confidence vs. correct

3 Reported analyses include all erroneous conflict responses. As noted, the ma-
jority of these errors were reversal errors. Note that we also ran control analyses
that discarded the few non-reversal errors. Results were completely similar with
the reported unrestricted results.
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Fig. 4. Relative confidence difference scores (i.e., correct no-conflict confidence — conflict confidence) for erroneously (left panel) and correctly (right panel) solved conflict
problems as a function of grade level. A higher value reflects a more pronounced confidence decrease when solving conflict problems. Error bars are standard errors.

no-conflict confidence). As one might expect, as Fig. 3 shows the
confidence decrease was less pronounced (about 1%) for the
correctly solved conflict problems, F (1, 118) = 3.88 p = .051,
np2 = .03. In other words, when children manage to block the
erroneous heuristic and answer the problem correctly, they also
seem to realize that their answer is correct. A final contrast estab-
lished that confidence in erroneously solved conflict problems was
indeed significantly lower than confidence incorrectly solved con-
flict problems, F (1, 22) = 7.9, p = .01, np2 = .26.

To avoid confusion when inspecting Fig. 3, note that there were a
considerable number of participants who did not make any errors
on the conflict problems in the present study. Obviously, these in-
dividuals are not included in the incorrect conflict vs. correct no-
conflict confidence contrast analysis. Fig. 3 indicates that in addi-
tion to a higher conflict confidence, these individuals also had a
higher confidence in their answers on no-conflict problems.*
However, the crucial finding is that despite the overall absolute
lower confidence for the group of incorrect conflict responders,
confidence was still lower for conflict than for no-conflict problems
within this group. This directly establishes that incorrect conflict
problem responders show sensitivity to their errors.

Finally, for completeness, we also entered grade level in the
analysis for all above contrasts. There was always a significant effect
of the Conflict factor (incorrect conflict vs correct no-conflict: F (1,
38)=4.45, p <.05, np2 =.10; correct conflict vs. correct no-conflict:
F (1, 116) = 4,63 p < .05, np2 = .04; incorrect conflict vs correct-
conflict: F (1, 20) = 9.13, p < .01, np2 = .31), but the effect of
Grade Level (all F < 1.92, all p > .16) and the Grade x Conflict
interaction (all F < 1.69, all p > .21) never reached significance.
Hence, by and large, the critical error sensitivity can be observed
across the current age levels. Key results are illustrated in Fig. 4. For
ease of interpretation the figure presents the relative confidence
difference scores (i.e., correct no-conflict confidence — conflict
confidence) for each contrast of interest.” A higher value reflects a
more pronounced confidence decrease when solving conflict
problems. As Fig. 4 indicates, if anything, the pattern for erroneous
responses seemed to be slightly more pronounced for younger than
for older reasoners. Hence, there is little evidence to suggest that
the present results are driven by the oldest reasoners. Overall, older

4 A between subject analysis that contrasted the no-conflict response confidence
for the subgroups of participants who solved all or none of the conflict problems
correctly suggested this was indeed the case, F (1, 110) = 21.7, p < .0001, np2 = .16).

5 A full table with all absolute values can be found in the Appendix.

reasoners were less likely to be biased and to err, and in case they
did err, they did not show a stronger confidence decrease than
younger reasoners.

As we noted in the method section, to minimize superficial
content interference and make the task less repetitive we pre-
sented each participant with two slightly altered problem formats.
Two problems (one conflict, one no-conflict) were based on the
format used by Stern (1993, study 3) whereas the other two (one
conflict, one no-conflict) were based on the format used by Riley
et al. (1983). In addition, we also counterbalanced the nature of
the relational term that was used. For half of the participants all
conflict and no-conflict problems used the relational term “more
than”, for the other half of the participants the relational term “less
than” was used in all presented problems. We had no a priori in-
terest in these factors and the counterbalancing and crossing with
the conflict factor guarantee that they cannot confound the find-
ings. Nevertheless, for completeness one might want to verify
whether these factors are affecting the observed error reversal
sensitivity. Therefore, we entered the format (Stern vs. Riley con-
tent, within-subjects) and relational term (more vs. less, between-
subjects) factors in our ANOVA (with Conflict and Grade level) on
the confidence ratings for incorrectly solved conflict problems and
correctly solved no-conflict problems. For the format factor this
resulted in a 2 (format, within-subjects) x 2 (Conflict, within-
subjects) x 3 (Grade, between-subjects) mixed model ANOVA,
and for the relational term factor this also resulted in a 2 (relational
term) x 2 (Conflict) x 3 (Grade) mixed model ANOVA. Key results for
the relational term factor showed that there was a main effect of
the relational term, F (1, 35) = 16.34, p < .001, np2 = .31, and a
relational term by grade interaction, F (1, 35) = 6.23, p < .01,
np2 = .26. Overall, confidence was higher when the relational term
“less” was used and this was especially pronounced in the older
grades. However, critically, there was a significant conflict effect, F
(1,35)=6.83, p <.05, np2 = .16, and this factor did not interact with
the relational term factor, F(1, 35) = 2.66, p = .11. The 3-way
interaction between relational term, grade, and conflict was also
not significant, F(1, 35) = 1.3, p = .28. With respect to the problem
format analysis, the effect of conflict remained significant, F(1,
12) = 6.32, p < .05, np2 = .35, but neither the main effect of
problem format, F(1, 12) < 1, nor its interactions with any of the
other factors in the design reached significance, all Fs < 1. Taken
together these analyses indicate that the conflict effect does not
differ for each of the relational terms or formats that were used. To
be clear, it should be noted that the format factor analysis is run on
a small number of participants (n = 15) and with only one item per
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condition (i.e., since we are interested in reversal errors we can only
include participants who err on both conflict problems to assess the
error sensitivity). Hence, caution is needed when interpreting these
analyses.

Confidence and accuracy correlation. Each participant in the
current study was presented with two conflict problems. One
might wonder whether a higher accuracy rate among biased rea-
soners (i.e., whether one erred on both or only one conflict prob-
lem) was associated with a stronger error sensitivity effect (i.e., a
stronger confidence decrease; e.g., Mevel et al., 2015). We therefore
calculated the correlation between a participants' accuracy on the
conflict problems and the size of the confidence decrease (i.e.,
average confidence for correct no-conflict responses - average
confidence for erroneously solved conflict problems). Although
there was a trend towards a positive association, the effect failed to
reach significance, Spearman R = .22, p = .17. A 2 (Conflict, conflict
vs. no-conflict) x 2 (Bias level, one vs. two errors) mixed model
ANOVA in which conflict accuracy (i.e., bias level) was entered as a
between subjects factor confirmed that neither the main effect of
accuracy, F(1, 39) < 1, nor its interaction with the conflict factor, F(1,
39) = 2.76, p > .10, reached significance. In line with the grade level
findings this suggests that more and less biased reasoners alike
show sensitivity to their errors.

4. General discussion

The present findings establish that in those cases where
elementary schoolchildren fail to solve simple arithmetic word
problems, they show sensitivity to their errors. Although they
might fail to provide a correct answer and succumb to the “add if
more/subtract if less” heuristic, their decreased response confi-
dence indicates that they at least detect that their response is not
fully warranted. These data directly argue against the view that
these errors result from a lack of mathematical knowledge or
mathematical sophistication per se. If erring elementary school-
children do not have an elementary understanding of the required
mathematical operation or do not detect a conflict between their
erroneous answer and this mathematical knowledge, they should
have no reason to doubt their answer.

It might be interesting to link the present work on arithmetic
word problems to research on bias detection during logical and
probabilistic thinking in the reasoning and decision-making field.
Classic studies on reasoning and decision-making have long
established that people's inferences are often biased by prior beliefs
and stereotypical intuitions (e.g., Evans, 2010; Kahneman &
Tversky, 1973). In line with the present findings, it has recently
been shown that reasoners also detect the biased nature of their
intuitive logical and probabilistic judgments (e.g., Bonner & Newell,
2010; De Neys, 2012; De Neys & Bonnefon, 2013; De Neys et al.,
2013; Mevel et al., 2015; Morsanyi & Handley, 2012; Pennycook &
Thompson, 2012; Stupple & Ball, 2008; Villejoubert, 2009). Inter-
estingly, however, developmental studies have suggested that this
bias detection during logical and probabilistic reasoning is only
observed after the onset of adolescence (i.e., by the end of
elementary school, e.g., De Neys, Cromheeke, & Osman, 2011; De
Neys & Feremans, 2013). This developmental pattern has been
linked to the late maturation of the Anterior Cingulate Cortex (ACC),
the critical brain structure that is supposed to be mediating conflict
and error detection, which only achieves full functionality over the
adolescent years (e.g., Davies, Segalowitz, & Gavin, 2004; De Neys,
Vartanian, & Goel, 2008; Fitzgerald et al., 2010; Santesso &
Segalowitz, 2008). Given these findings, the presently established
successful arithmetic error detection in our slightly younger sample
of third to fifth graders might seem somewhat surprising. Indeed,
our developmental analysis failed to detect an effect of grade level

and indicates that the error detection effect can be observed even
among biased eight-year-olds. Clearly, our somewhat restricted age
range and the fact that error rates were very low in the oldest grade
imply that these fine-grained age trends (or lack thereof) need to be
interpreted with some caution. However, it is also important to take
into account that a less developed ACC does not imply a lack of all
conflict detection (Lubin, Simon, Houdé, & De Neys, in press).
Indeed, basic error monitoring studies have shown that even three-
year-olds can detect errors in simple tasks that do not cue a strong
intuitive response (Lyons & Ghetti, 2011). Likewise, De Neys et al.
(2014) showed that preschoolers can show sensitivity to errors
on Piaget's classic number conservation tasks. Arguably, in com-
parison with logical and probabilistic reasoning tasks in which the
cued intuitive response typically entails a semantic prior belief or
stereotypical information, the “add if more/subtract if less” heu-
ristic might be less tempting and easier to monitor (and subse-
quently inhibited). This would also account for the relatively high
level of correct responses in the present study (e.g., 78%) in com-
parison with logical and probabilistic reasoning tasks where (even
for adults) correct performance typically only hovers around 20%
(e.g., De Neys et al. 2011; De Neys & Feremans, 2013; Kahneman,
2011). Hence, detection of heuristic bias in simple arithmetic
word problems might be less demanding and occur at a younger
age than in logical and probabilistic reasoning tasks.

From a methodological point of view one might wonder
whether it could be interesting to ask children to give an explicit
justification of their confidence rating. It is important to note here
that the work on conflict detection in the reasoning and decision
making field has indicated that conflict detection is typically im-
plicit in nature (e.g., De Neys & Glumicic, 2008; De Neys &
Vanderputte, 2011; Proulx et al., 2012; see De Neys, 2014; for re-
view). People can detect that the heuristic response is erroneous
but even adults do not necessarily manage to verbally explicitate
why this is the case (e.g., De Neys & Glumicic, 2008). Hence,
although it can be interesting to see whether children can explain
confidence scores, it will not necessarily be the case that error
sensitivity will be reflected in participants' explicit verbalizations.
In that sense, the explanations do not give us a critical test of the
error sensitivity hypothesis. The basic confidence ratings are more
informative here.

We noted that the present study has also pedagogical implica-
tions with respect to the design of intervention programs. For
example, the evidence for children's arithmetic word problem error
sensitivity indicates that there is little point in running programs
that focus on a familiarization and teaching of the required arith-
metical principles per se. Bluntly put, if the problem is not that
children do not know the required operation, merely informing
them about it will not be very helpful. Rather, a more promising
approach seems to be to focus on training children's capacities to
override their erroneous heuristic intuitions (Lubin et al., in press).
As we noted, existing inhibitory training programs have been
shown to be successful at reducing children's and adults' over-
reliance on intuitive impressions during reasoning and decision-
making in the lab (e.g., Houdé, 2007; Houdé et al., 2000; Moutier,
2000; Moutier, Angeard, & Houdé, 2002; Moutier & Houdé, 2003)
and in school (Lubin, Lanoé, Pineau, & Rossi, 2012; Rossi, Lubin,
Lanoé, & Pineau, 2012). Since the present evidence suggests that
third to fifth graders can reliably distinguish between situations in
which their heuristic intuitions violate the required mathematical
operations when solving arithmetic word problems or not, such
inhibitory training programs might prove to be highly efficient to
boost these children's accuracy rates.

At the same time, we like to stress that although it is undeniably
important to get children to respond correctly to arithmetic word
problems, our confidence findings underscore the dangers of a
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mere reliance on response output (i.e., accuracy) to measure chil-
dren's mathematical sophistication (e.g., Verschaffel, 1994; Zelazo
& Miiller, 2011). A simple behavioral process measure such as
one's response confidence indicates that erring third to fifth
graders have a better arithmetic understanding than their mere
errors might seem to suggest. Indeed, the simple fact that erring
children detect that their answer is questionable when it conflicts
with the required mathematical operation implies that they are
more knowledgeable than their test accuracy indicates.
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Appendix

Table 1
Overview of all the presented problems

Conflict problem  Format 1. Mary has 40 marbles. She has 10 more (less)
marbles than John. How many marbles does John have?
Format 2. There are 20 hens in the farm. There are 10 more
(less) hens than cows in the farm. How many cows are in
the farm?

No conflict control Format 1. Jane has 50 apples. Sarah has 20 more (less)

problem apples than Jane. How many apples does Sarah have?
Format 2. There are 30 lions in the zoo. There are 20 more
(less) tigers than lions in the zoo. How many tigers are in
the zoo?
Table 2

Average response confidence (%) for erroneously and correctly solved conflict
problems in contrast with the same individuals' average response confidence for
correctly solved no-conflict problems in different grades.

Grade Conflict confidence ~ No-conflict confidence
(+SE) (+SE)
Incorrect conflict Grade 3 853 + 6% 94.9 + 3.6%
responses Grade 4 76.5 + 6% 91.2 + 3.6%
Grade 5 75 + 3.6% 76.8 +9.3%
Correct conflict Grade3 949 +1.7% 97.8 + 1.4%
responses Grade4  96.3 + 1.6% 973 + 1.3%
Grade 5 96.6 + 1.5% 96.9 + 1.2%
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