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Abstract
This study investigated the development of children’s solutions of four types of non-standard arithmetic 
word problem, with a view to gather indirect evidence of the following beliefs about word problems 
that they develop through their immersion in the culture of traditional school mathematics: every 
word problem is solvable, there is only one numerical correct answer, it is always necessary to do 
calculations, and all numbers must be used in order to calculate the solution. Children from Grade 1 
to 6 solved four word problems that violated these four beliefs. General results revealed, first, that 
only 37.9% of children’s responses were correct. Second, the difficulty was increasing, starting with 
the unsolvable problem (18.3%), and followed by the multiple solutions (30.3%), the given solution 
(45.7%) and the irrelevant data problem (57.3%). Third, children’s correct responses increased from 
Grade 1 (15.5%) to Grade 6 (56%), but not within the three lower and the three upper grades. The 
article ends with a discussion of the theoretical, methodological, and educational implications.

Keywords: Beliefs, non-standard problems, problem solving strategies, mathematics education, ma-
thematics culture.

Resumen
En este estudio se ha investigado el desarrollo de las soluciones que dan los niños a cuatro tipos de pro-
blemas aritméticos no-estándar. Se ha intentado ofrecer una evidencia indirecta de las creencias que los 
niños desarrollan sobre los  problemas verbales a través de la inmersión en la cultura escolar tradicional 
de las matemáticas. Dichas creencias son: todo problema tiene solución, solo hay una respuesta numé-
rica correcta, siempre es necesario realizar cálculos y todos los números deben ser usados para hallar la 
solución. Se pidió a alumnos de 1.º a 6.º de Educación Primaria (E.P.) que resolvieran cuatro problemas 
verbales contrarios a estas cuatro creencias. Los resultados generales revelaron, en primer lugar, que 
solo el 37.9% de respuestas de los niños eran correctas. En segundo lugar, el grado de dificultad ante 
los distintos problemas verbales fue aumentando desde el denominado problema irresoluble (18.3%), y 
seguido por el de soluciones múltiples (30.3%), el problema cuya solución estaba ofrecida en el enun-
ciado (45.7%), hasta el de datos irrelevantes (57.3%). En tercer lugar, se halló que las respuestas co-
rrectas de los niños aumentaron desde 1.º de E.P. (15.5%) hasta 6.º de E.P. (56%), pero no entre los tres 
cursos inferiores ni entre los tres cursos superiores. El artículo finaliza con una discusión de las impli-
caciones teóricas, metodológicas y educativas.

Palabras clave: Creencias, problemas no-estándar, estrategias de resolución de problemas, educa-
ción matemática, cultura de las matemáticas.
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Introduction

Standard versus non-standard 
word problems

Word problems constitute an 
important part of the mathemat-
ics curriculum of the elementary 
school. In word problem solv-
ing, children are expected to make 
proper use of the mathemati-
cal concepts and skills that they 
have acquired in mathematics in-
struction. This requires not only a 
good mastery of arithmetic facts, 
rules, principles and operations 
—namely, the syntax of mathe-
matics (Ilani & Margolin, 2010) 
but also to understand the prob-
lem statement and to reason how 
to use the mathematical syntax in 
relation to the situation described 
—namely, the semantics of math-
ematics (Gerofsky, 1996; Verschaf-
fel & De Corte, 1997).

One of the major reasons for 
including word problems in the 
mathematics curriculum is that 
they offer practice for everyday sit-
uations in which learners will need 
what they have learnt in their arith-
metic, geometry or algebra lessons 
at school (i.e., the so-called ap-
plication function of word prob-
lems, see Verschaffel, Greer, & De 
Corte, 2000).

Most authors consider the com-
petent solution of a word problem 
as a complex multi-phase mode-
ling process the “heart” of which 

is formed by (1) the construction 
of an internal model of the prob-
lem situation, reflecting an under-
standing of the elements and rela-
tions in the problem situation, and 
(2) the transformation of this situ-
ation model into a mathematical 
model of the elements and rela-
tions that are essential for the so-
lution. These two steps are then 
followed by (3) working through 
the mathematical model to derive 
mathematical result(s); (4) inter-
preting the outcome of the compu-
tational work; (5) evaluating if the 
interpreted mathematical outcome 
is computationally correct and rea-
sonable; and (6) communicating 
the obtained solution (e.g., Ver-
schaffel et al., 2000; Verschaffel & 
De Corte, 1997).

In the research literature, word 
problems are differentiated in var-
ious ways. An important distinc-
tion is between standard and non-
standard problems (Verschaffel et 
al., 2000). Standard word prob-
lems can be correctly and unam-
biguously modeled and solved 
through the straightforward use 
of one arithmetic operation with 
the given numbers, or a combi-
nation of two or more operations. 
In some cases, the correct arith-
metic operation(s) can be easily 
derived from (a) keyword(s) in-
cluded in the problem statement 
(e.g., the presence of the word 
“got” or “received” means that 
the required operation will be ad-
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dition, whereas words such as 
“gave” or “lost” suggest subtrac-
tion), but in other cases, the iden-
tification of the correct arithmetic 
solution is less trivial (e. g., when 
the word problem contains a key-
word that leads to the wrong oper-
ation, or when it is built around a 
problem situation with which the 
solver is not familiar, or when the 
problem requires multiple calcu-
lation steps). However, common 
to all standard problems is that 
they nicely fit Gerofsky’s (1996; 
see also Verschaffel et al., 2000) 
description of a word problem as 
texts with a typical tripartite struc-
ture:
— A “set-up” component, estab-

lishing the characters and loca-
tion of the putative story (how-
ever, according to Gerofsky, 
this component is not essential 
to the solution of the problem 
itself).

— An “information” component, 
which gives the information 
needed to solve the problem 
(Gerofsky [1996, p. 37], com-
ments that sometimes extrane-
ous information is added “as a 
decoy for the unwary”).

— A question, that can be solved 
by the application of (a) math-
ematical operation(s) on the nu-
merical data provided in the sec-
ond component.
As argued by Verschaffel, 

Greer, and De Corte (2007), most 

of the research on word problems 
has dealt with standard problems, 
particularly in the curricular do-
mains of elementary arithmetic 
but also of geometry and alge-
bra. This research has yielded a 
great number of results and in-
sights into the influence of vari-
ous task and subject variables on 
learners’ accuracies, representa-
tions, solution strategies and er-
rors, and on the impact of various 
kinds of instructional materials 
and approaches on learners’ prob-
lem solving skills and processes 
(for an overview see e.g., Ver-
schaffel et al., 2007).

However, for various reasons, 
researchers have also investigated 
another type of word problems, 
called non-standard problems. Con-
trary to the first category of prob-
lems, which fit Gerofsky’s (1996) 
above-mentioned tripartite struc-
tural frame, and therefore, by defi-
nition, evoke little or no discussion 
of what has to be considered as 
the correct answer, non-standard 
problems share the general feature 
that they deviate in one or more 
ways from that tripartite structure 
and its inherent rules (for exam-
ples of studies with non-stand-
ard problems see e.g., De Corte & 
Verschaffel, 1985; Jiménez, 2012; 
Jiménez & Ramos, 2011; Little-
field & Riesser, 1993; Puchalska 
& Semadeni, 1987; Reusser & Ste-
bler, 1997; Selter, 1994; Verschaf-
fel, De Corte, & Lasure, 1994). In 
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the present article, we will report a 
study in which we confronted chil-
dren from all grades of elemen-
tary school to several kinds of non-
standard word problems, in the 
context of an individual interview, 
with a view to learn more about the 
development of their (implicit) be-
liefs about word problems and how 
these problems should be solved at 
school. But before presenting the 
rationale, the research questions, 
the design and the results of that 
study, we will briefly review the 
available research on non-standard 
arithmetic word problems.

Previous research on non-
standard word problems

As stated before, most of the 
research on word problems has fo-
cused on standard problems. After 
all, these are also the problems that 
occur far more frequently in tradi-
tional mathematics textbooks, les-
sons, and assessments (Reusser & 
Stebler, 1997; Verschaffel et al., 
2000). However, a problem with 
this research literature is that it 
sheds only a partial light on the 
processes and components of skill-
ful word problem solving, and of 
the skill of mathematical mode-
ling in general. During the past 
decades, theoretical and empirical 
work in research fields such as lin-
guistics, pragmatics, anthropology, 
and ethnomathematics have led to 
an increased interest in word prob-

lems as a peculiar “genre of text” 
(Gerofsky, 1996, p. 37), “a peculiar 
cultural device” (Lave, 1992, p. 
75), or “a specific game” with its 
own intent, structure, rules and tac-
tics, that need to be known and re-
spected by all partners involved in 
that game (De Corte & Verschaf-
fel, 1985, p. 7). Inspired by these 
theoretical ideas, researchers have 
started to investigate this phenom-
enon empirically. A main research 
method in this empirical research 
has been to confront learners with 
problems that deviate from the 
standard structure of word prob-
lems, namely non-standard prob-
lems. Hereafter we will briefly re-
view the research literature for four 
different types of such non-stand-
ard problems. Typically, the results 
of these studies, and more particu-
larly, students’ weak performance 
in solving this type of problems, 
have been used to demonstrate the 
problematic nature of the learning 
outcomes from traditional instruc-
tion that only involves standard 
problems.

Unsolvable word problems. 
Some researchers have worked 
with word problems that are un-
solvable because one of the 
“givens” is missing. For example, 
De Corte and Verschaffel (1985) 
presented to first graders the fol-
lowing word problem with missing 
information “Pete had some ap-
ples. He gave four apples to Ann. 
How many apples does Pete have 
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now?”, and found that the major-
ity of the children did not realize 
that it was unsolvable. Puchalska 
and Semadeni (1987) reported that 
a significant number of children 
aged 7 to 12 years concluded that 
a similar problem was unsolvable, 
but curiously most of them also 
believed that a better student or the 
teacher could solve it for sure. In a 
recent study, Jiménez and Ramos 
(2011) also found that 80% of sec-
ond and third graders failed in de-
tecting that they needed more in-
formation to solve the following 
similar problem with missing in-
formation “Mario is playing with 
marbles in the park. Mario has 17 
marbles and his friend Jorge gives 
him 7. How much marbles does 
Jorge have now?”.

Interestingly, the literature also 
contains case studies of word prob-
lems that are unsolvable because 
the information component and 
the question are completely unre-
lated, as in the hilarious classic of 
the captain’s problem “There are 
26 sheep and 10 goats in a boat. 
How old is the captain?”, which 
was erroneously solved by 88% 
of children at Grades 1-2 and 38% 
of children at Grades 3-4 (Baruk, 
1985). Most typically, pupils an-
swered that the captain was 36 
years-old by adding up the number 
of sheep and gouts (similar results 
were reported by Reusser, 1988). 
Contrary to Baruk, Radatz (1983) 
found that the percentage of chil-

dren trying to reach some solu-
tion tended to increase rather than 
decrease between Kindergarten 
(10%) and Grade 4 (60%). Many 
authors have interpreted this re-
markable result, whereby elemen-
tary school children computed en 
masse the age of the captain by 
adding (or subtracting, multiplying 
or dividing) goats and sheep, as 
convincing evidence of their “lack 
of sense-making” (Baruk, 1985; 
see also Verschaffel et al., 2000). 
However, in a few later studies, 
wherein children were asked to 
explain their previously given so-
lutions to the captain’s problem, 
it was found that they came up 
with “magic contexts” – personal 
elaborations to justify their pre-
viously given “absurd” answer, 
for example: He bought an animal 
for each year of his life, so he al-
ways knows how old he is (Selter, 
1994).

Word problems with multiple 
solutions. Other researchers have 
confronted children with problems 
involving multiple solutions, due 
to the presence of one or more am-
biguities in the problem statement. 
Puchalska and Semadeni (1987) 
asked first and second graders to 
solve the following problem “Gap-
cio gave Dolly the following prob-
lem: There were sparrows on a 
tree. I saw 5 sparrows and Dick 
saw 6 sparrows. How many spar-
rows were there on the tree? What 
should Dolly say to Gapcio?”. 
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They also found that many chil-
dren considered that Dolly should 
answer: 11 sparrows. Likewise, 
Verschaffel et al. (1994) presented 
upper elementary school pupils 
a variety of non-standard (or as 
the authors called them “problem-
atic”) word problems, which all in-
volved an ambiguous or disputable 
relationship between the “set up” 
of the word problem, on the one 
hand, and the suggested underlying 
mathematical structure, at least if 
one seriously thinks about the re-
alities of the situation described in 
the problem, such as the following 
school distance problem “Bruce 
and Alice go to the same school. 
Bruce lives at a distance of 17 kil-
ometers from the school and Alice 
at 8 kilometers. How far do Bruce 
and Alice live from each other?”. 
The vast majority of the pupils re-
acted to this problem in the ex-
pected way by giving a single, pre-
cise numerical response based on 
a calculation with the numbers 
given in the problem (e.g., either 
an addition or a subtraction with 
the two given numbers). Actually, 
the number of pupils who pointed 
to the existence of more than one 
solution, was dramatically low, 
namely 5%.

Given solution problems. Other 
researches presented children with 
still another type of non-standard 
word problems, namely problems 
that can be solved by giving, as a 
solution, one of the numbers in-

cluded in the problem. Likewise, 
Selter (1994) asked third graders 
to solve a variant of the captain’s 
problem that included, besides the 
two additional irrelevant data, a 
number indicating the captain’s age 
“A shepherd of 27 years old has 
19 sheep and 10 goats. How old 
is the shepherd?”. Even explicitly 
adding the shepherd’s age did not 
help third graders to be success-
ful. Rather than answering that the 
shepherd was 27 years old, half of 
the children either added the shep-
herd’s given age to the others two 
given numbers, or did two other 
arithmetic operations with the 
three given numbers. Van Dooren, 
De Bock, Hessels, Janssens, and 
Verschaffel (2005) presented chil-
dren from Grades 2 to 8 different 
proportional and non–proportional 
items with the solution included in 
the text problem, such as the fol-
lowing item: “A group of 5 mu-
sicians play a piece of music in 
10 min. Another group of 35 mu-
sicians will play the same piece 
of music. How long will it take 
this group to play it?”. Overall, 
only 30.6% of children realized 
that the solution was offered, with 
a general increase from Grade 3 
to 8 and stagnation in the middle 
grades (Grades 5 and 6). Interest-
ingly, the number of proportion-
based erroneous answers increased 
from Grade 2 up to Grade 6. The 
authors concluded that, probably, 
the increase of these kinds of er-
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rors in fifth and sixth graders was 
related to the type of word prob-
lems recently treated in classroom.

Word problems with extrane-
ous information. A final category 
of non-standard word problems 
involves problems that contain 
extraneous information. In other 
words, besides the numbers that 
are needed for the solution, the 
problem text also contains one 
or more irrelevant numbers (e.g., 
Carpenter et al., 1988; Kouba et 
al., 1988; Littlefield & Riesser, 
1993). For instance, Littlefield and 
Riesser (1993) analyzed the dif-
ficulty of adding irrelevant infor-
mation, presenting more and less 
mathematically successful fifth 
graders problems with different 
levels of similarity between the 
relevant and irrelevant informa-
tion, such as the following prob-
lem with non-similar irrelevant 
data: “On the first day of the big 
race, Anthony ran 12 miles. He 
ran 9 miles the second day. Shel-
ley sold 15 quarts of lemonade 
during the race. She gave away 8 
quarts of ice water. How far did 
Anthony run?”. For the successful 
students the percentage of success 
was around 95%, while for the 
less successful ones it was around 
65%. Moreover it was generally 
easier for children to detect that 
the information was superfluous 
when it was not similar to the rel-
evant data. The authors interpreted 
these results as another piece of 

evidence for mathematically un-
successful children’s superficial 
approach to word problems, in-
volving “doing something with all 
the given numbers in the problem” 
with little or no attention to the ac-
tual role of these numbers in the 
problem structure.

In conclusion, despite clear 
differences between the various 
types of problems, previous re-
search has provided various pieces 
of empirical evidence for elemen-
tary school children’s superficial, 
routine-based, and/or non-realis-
tic approach to different kinds of 
non-standard problems, whereby 
they solve these problems as if 
they were standard ones. As such, 
these findings are typically inter-
preted as evidence for the claim 
that students in general and 
weaker students in particular tend 
to approach and solve word prob-
lems with the strong expectation 
to get a standard one and without 
an intention to construct a rich sit-
uational and mathematical model 
of it. This expectation is based on 
(implicit) beliefs that (a) every 
problem presented in a math class 
has a solution; (b) there is only 
one single, precise and numeri-
cal correct answer to every word 
problem; (c) it is necessary to do 
calculations to solve a problem, 
and (d) all the given numbers in 
the statement must be used in the 
calculation.
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Where do pupils’ difficulties in 
solving non-standard problems 
come from?

The above interpretation brings 
us to the question: How do these 
superficial solution strategies for 
and beliefs about the solution of 
school arithmetic word problem 
develop? The development of 
students’ tactics for and concep-
tions about word problem solv-
ing is assumed to occur implicitly, 
gradually, and tacitly through be-
ing immersed in the culture of the 
mathematics classroom in which 
they engage. Putting it another 
way, students’ strategies and be-
liefs develop from their percep-
tions and interpretations of the 
didactical contract (Brousseau, 
1997) or the socio-mathematical 
norms (Yackel & Cobb, 1996) that 
determine(s), explicitly to some 
extent, but mainly implicitly, how 
to behave in a mathematics class, 
what problems to expect, how to 
solve them and communicate about 
them with the teacher, and so on. 
More specifically, this encultura-
tion seems to be mainly caused 
by two aspects of current instruc-
tional practice, namely (1) the na-
ture of the problems given, and (2) 
the way in which these problems 
are conceived and treated by teach-
ers (e.g., Freudental, 1991; Gerof-
sky, 1996; Orrantia, González, & 
Vicente, 2005; Reusser & Stebler, 

1997; Schoenfeld, 1991; Wynd-
hamn & Saljo, 1997).

Let’s first have a look at the 
first of these two explanatory fac-
tors. In an attempt to summa-
rize the characteristics of tradi-
tional word problems that appear 
in classrooms and textbooks and 
which lie at the basis of students’ 
inadequate strategies for and be-
liefs about solving word problems 
as discussed above, Reusser and 
Stebler (1997) wrote:

Most word problems used 
in mathematics instruction are 
phrased as semantically impover-
ished, verbal vignettes. Students 
not only know from their school 
mathematical experience that all 
problems are undoubtedly solv-
able, but also that everything nu-
merical included in a problem is 
relevant to its solution, and eve-
rything that is relevant is included 
in the problem text. Following this 
authoring script, many problem 
statements degenerate to badly dis-
guised equations (p. 323).

If the vast majority of the text-
book and test problems have these 
characteristics, it should not be 
a surprise that many pupils de-
velop gradually but inevitably su-
perficial strategies for and inac-
curate beliefs about word problem 
solving. In this respect, we point 
to an analysis of addition prob-
lems realized with math textbooks 
from Grade 1 to 6 produced by 
three of the most important Ed-
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itors in Spain – Santillana, SM 
and Anaya, which showed that, 
for all grades together, only a to-
tal of 3.1, 1.6, and 0.6% of prob-
lems, respectively, had missing or 
superfluous information (Orran-
tia et al., 2005). Likewise, Sch-
oenfeld (1991) found that in some 
U.S. textbooks the vast majority of 
the word problems (in some text-
books up to 90%) could be solved 
by means of the key-word strat-
egy. Clearly, after frequently ex-
periencing standard problems, pu-
pils can be expected to develop a 
superficial approach to word prob-
lem solving and the accompanying 
inappropriate beliefs, instead of an 
authentic and deep mathematical 
modeling approach combined with 
more open and productive beliefs 
(Freudental, 1991; Reusser, 1988; 
Schoenfeld, 1991; Verschaffel et 
al., 2000; Wyndhamn & Säljö, 
1997).

A second plausible explana-
tory factor for the development of 
the observed tactics for and beliefs 
about word problem solving is the 
way in which these problems are 
conceived and actually treated by 
teachers in the mathematics les-
sons. Generally speaking, teachers 
pay little or no attention to the ar-
ticulation of and reflection on the 
peculiar genre of word problems 
during the mathematics lessons 
(Gerofsky, 1996). Based on an in-
depth analysis of the teacher-pupil 
interactions around word problems 

in two typical fifth-grade classes, 
Depaepe, De Corte, and Verschaf-
fel (2010) concluded that sponta-
neous comments of pupils about 
the ambiguous or problematic na-
ture of word problems, or sugges-
tions for alternative interpretations 
or solutions, were seldom picked 
up and valued in a typical math-
ematics class. Analogously, Ver-
schaffel, De Corte, and Borghart 
(1997) asked (future) elementary 
school teachers, first, to solve a set 
of word problems that were prob-
lematic from a realistic point of 
view (such as the above-mentioned 
school distance problem), and, sec-
ond, to evaluate four alternative 
answers from (imaginary) pupils to 
the same set of problems as “abso-
lutely correct answer”, “partly cor-
rect and partly incorrect answer”, 
or “completely incorrect answer”. 
For each problematic item, the four 
alternative responses always in-
cluded were the standard non-real-
istic answer and the most reason-
able realistic answer – as well as 
other two incorrect answers. Only 
half of the future teachers’ own an-
swers to these problematic items in 
test 1 were scored as realistic, and, 
with respect to test 2, their evalua-
tion of the routine-based non-real-
istic pupil answers was considera-
bly more positive than for the more 
sensitive answers based on realistic 
considerations!

In sum, the available evidence 
suggests that pupils’ beliefs about 
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and tactics for word problem solv-
ing do not develop as a result of 
direct teaching, but rather emerge 
from the nature of the textbook and 
test problems with which they are 
confronted and from the permanent 
interaction between teacher and 
students around these problems as 
part of the traditional classroom 
practice and culture.

Research objectives and 
questions

The purpose of the present 
study was threefold. The first ob-
jective was to analyze the impact 
on children’s thinking of the four 
above-mentioned beliefs about 
arithmetic word problems, by 
presenting them four non-stand-
ard problems that directly con-
tradicted these beliefs: (1) an un-
solvable problem, (2) a problem 
with multiple solutions, (3) a prob-
lem in which the solution is given, 
and (4) a problem containing rel-
evant as well as irrelevant data. 
By comparing pupils’ performance 
on these four types of non-stand-
ard problems, we expected to yield 
information about the strength of 
the beliefs about math word prob-
lems they contradict. No predic-
tions were formulated concerning 
the relative strength of these vari-
ous beliefs, except that the prob-
lem with extraneous information 
was anticipated to be the easiest 
because it violates the problem 

structure (as described by Gerof-
sky, 1996) the least.

The second objective was to 
examine the evolution of chil-
dren’s performance on non-stand-
ard problem solving throughout 
the entire elementary school. Sev-
eral previous studies yielded evi-
dence for the difficulties experi-
enced by students from different 
educational levels, but only few 
involved a developmental per-
spective (e.g., Baruk, 1985; Ra-
datz, 1983; Reusser, 1988; Van 
Dooren et al., 2005), and we are 
not aware of any study that in-
volved the whole elementary 
school range and that compared 
at the same time the four types of 
non-standard problems reviewed 
above. In the present study we 
wanted to evaluate whether the 
different level of children’s suc-
cess improved in upper educa-
tional levels. Again, our predic-
tions were not straightforward. On 
the one hand, it could be argued 
that, taking in account that chil-
dren from Grade 1 to 6 undergo 
an important development in gen-
eral thinking and reasoning skills 
(e.g., Inhelder & Piaget, 1958; 
Montangero, 1996), and in vari-
ous aspects of mathematical think-
ing in particular (for an overview 
see e.g., Nunes, Bryant, Sylva, & 
Barros, 2009; Schliemann & Car-
raher, 2002), there would be an 
increase in performance on the 
four non-standard problems from 



 DEVELOPMENT OF CHILDREN’S SOLUTIONS 
 OF NON-STANDARD ARITHMETIC WORD PROBLEM SOLVING 103

Revista de Psicodidáctica, 2014, 19(1), 93-123

Grade 1 to 6. On the other hand, 
since some researchers had re-
ported only marginal improvement 
on such problems with age (Baruk, 
1985; Reusser, 1988; Van Dooren 
et al., 2005), and in some cases, 
even a decrease in performance 
with grade (see Radatz, 1983; Van 
Dooren et al., 2005), one could ar-
gue that no strong positive effect 
of grade was to be expected.

The third objective was to ana-
lyze possible changes in the nature 
of the errors in relation with prob-
lem type and school level. In most 
previous studies, the analysis was 
focused on the percentage of cor-
rect responses. In the present study 
we aimed at a systematic and fine-
grained categorization and analysis 
of the errors too. By looking more 
closely at these errors, we hoped to 
find more evidence of the nature 
of pupils’ beliefs and how they af-
fected their problem solving proc-
esses. In this respect, we wondered 
if pupils’ gradual contact with and 
mastery of the four arithmetic op-
erations would influence the nature 
of their erroneous solutions. For 
instance, one of the didactical con-
tract’s predictions assumes that pu-
pils who solve word problems su-
perficially tend to apply routinely 
the last studied or practiced opera-
tion (Sowder, 1988). So, we pre-
dicted that beginning elementary 
school children would be more in-
clined to rely on addition to find a 
solution for the non-standard prob-

lems, whereas in later grades they 
would misapply all four arithme-
tic operations (or combinations 
thereof).

Method

Participants

Participants were 300 primary 
school pupils, 50 for each group 
from Grades 1 to 6 (aged between 
6 and 12 years) from a Spanish 
medium socio-cultural level public 
school (boys = 51%, girls = 49%). 
They all were randomly selected 
from the children with a normal 
level of mathematical performance 
from two classes of each grade 
level. Children who received spe-
cial education teaching assistance, 
independently of the subject, were 
excluded.

Material

The material consisted of a test 
of six problems: four non-standard 
problems and two standard dis-
tractor problems involving a sim-
ple subtraction with the two num-
bers given in the problem (e.g., 
“Lucía has 20 euros in his piggy 
bank and she buys a ring that costs 
7 euro. How much money does 
Lucía have now?”). The non-
standard problems were, as stated 
above, formulated to violate four 
well-documented beliefs that chil-
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Chart 1
The Four Non-Standard Problems Used in the Study

Unsolvable
Maria goes to the circus with her friend Ana. Maria has 13 euro and her 
friend Ana gives her 7 euro to pay for the circus ticket. How much money 
does Ana have now?

Multiple 
solutions

Lucía buys a bag with 14 chewing gums of different flavors. Few of these 
chewing gums have a mint flavor. Since mint is her favorite flavor, she or-
ders 8 mint chewing gums afterwards. How many mint chewing gums does 
Lucía have now?

Given 
solution

A shepherd has 17 sheep in his farm. He wants to expand the farm and he 
buys 8 goats. How many sheep does the shepherd have in the farm now?

Irrelevant 
data

Lorena buys a box with 12 crayons for her Arts class. Her friend Silvia gi-
ves her another box containing 3 pens and 9 crayons. How many crayons 
does Lorena have now?

Note. Problems were presented in Spanish.

dren have about the word prob-
lem solving, namely: (a) an un-
solvable problem (violating the 
belief that every word has a nu-
merical solution); (b) a multiple 
solutions problem (contrary to the 
belief that there is only one sin-
gle numerical response to a word 
problem); (c) a problem of which 
the solution is given in the prob-
lem statement (opposed to the be-
lief that an arithmetical operation 
on the given numbers is always 
required), and (d) a problem with 
irrelevant data (challenging the 
belief that the solution to a word 
problem is obtained by perform-
ing one or more operations with 
all the given numbers in the prob-

lem). The four non-standard prob-
lems are given in Chart 1.

Possible problem sequence ef-
fects were prevented by using a 
Latin Square design leading to a 
total of four versions of the test 
with a different presentation order 
of the four non-standard problems. 
The two distractor problems were 
always placed in the third and fifth 
position.

To avoid difficulties related to 
other possibly relevant task fac-
tors, all problems were formulated 
as problems with a similar seman-
tic structure, namely a change 
structure with the unknown vari-
able being the result set. Moreo-
ver, all problems were formulated
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in such a way that an erroneous so-
lution based on superficial mod-
eling would involve an addition 
with (all) the given numbers in 
the problem. Furthermore, to pre-
vent that computational difficul-
ties would play a decisive role, 
all numbers were kept small (i.e., 
below 20), with the first term be-
tween 10 and 19 and the other 
term(s) below 10.

Procedure

One of the four versions of the 
set of six problems was individ-
ually administered to each child 
from the six grade levels during 
the regular school time. Interviews 
took approximately 20 min. We 
decided to use this data collection 
procedure, because it is expected 
to yield more process-oriented data 
about pupils’ conceptions about 
(how to approach and solve) word 
problems than a collective paper-
and-pencil test (Verschaffel & De 
Corte, 1997; Wyndhamn & Säljö, 
1997).

Each problem was presented 
in written form on a separate card, 
and was read aloud by the inter-
viewer. In case children needed 
a second reading, they could ask 
the interviewer to do it or (re)read 
the problem themselves as many 
times as they wanted. For each 
problem, the children were first 
asked to give their solution and, af-
terwards, to explain it; or, if they 

could not answer the problem, to 
state their doubts about or difficul-
ties with giving an answer. If chil-
dren did not know how to solve the 
problem and/or asked for help, the 
interviewer just re-read the prob-
lem and, if they were still unable 
or unwilling to respond, the inter-
viewer asked them to justify why 
they could not answer it or why 
they found it difficult to do so.

Data handing

All children’s responses were 
transcribed during the interviews. 
Five categories of responses to the 
four experimental items were dif-
ferentiated: one category for the 
correct answer and four categories 
of incorrect responses. For each 
problem, children could score ei-
ther 1 point (if they gave the cor-
rect answer) or 0 points (if their 
answer was categorized in one of 
the four error categories), result-
ing in a total score between 4 and 
0. The procedure to assign the so-
lutions to one of the five response 
categories was based on a combi-
nation of: (a) the analysis of the 
child’s answer (e.g., the numerical 
answer to the problem, the child’s 
statement that the problem was un-
solvable, or that it had more than 
one possible solution, etc.); (b) the 
analysis of the child’s explanations 
of the arguments for the arithmetic 
operation(s) (s)he performed and/
or the non-computation based re-
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sponse given (see the Appendix 
for a more detailed explanation of 
the coding scheme). Taking in ac-
count the objectives of the study, 
children’s technical computational 
errors were neglected when cate-
gorizing their answers into one of 
these five categories.
1. Correct answer: The correct 

(numerical or not) response to 
the problem followed by an ap-
propriate explanation based on 
the problem’s requests; that is, 
children needed to make ex-
plicit, in function of the prob-
lem type, that it was not pos-
sible to find a solution because 
there was some missing numer-
ical information (unsolvable 
problem), that it was possible 
to offer more than one solu-
tion depending on the value of 
“few” (multiple solutions prob-
lem), that it was not necessary 
to do an arithmetic operation 
since the (numerical) answer to 
the question was given (given 
solution problem), or that some 
data were not needed to solve 
the problem (irrelevant data 
problem).

2. Incorrect addition answer: Re-
sponses based on the addition 
of all the numbers given in the 
problem statement, namely the 
two given numbers in the un-
solvable, multiple solutions and 
given solution problems and the 
three given numbers in the ir-
relevant data problem.

3. Other incorrect operation(s) er-
rors: Responses based on ap-
plying one or more other ar-
ithmetical operations with the 
given numbers (i.e., a subtrac-
tion, multiplication, division or 
a combination of two or more 
of the four arithmetical opera-
tions).

4. No answer: When children did 
not give any response at all or 
responded that they could not 
answer the problem and were 
unable to offer any explana-
tion about the reasons for not 
being able to answer the prob-
lem.

5. Other answer: All other solu-
tions that could not be coded in 
one of the previous categories.
All children’s responses were 

categorized by the first author. All 
responses from 10% randomly se-
lected children from each of the 
six grades were independently 
coded by a second coder, leading 
to an inter-rater reliability of .96, 
which is an almost perfect agree-
ment (weighted kappa coefficient, 
Cohen, 1968).

Results

The results are presented in 
two sections. First, we present the 
results of the quantitative analysis 
of the impact of the independent 
variables on the number of correct 
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Table 1
Percentage of Correct Answers (and Standard Deviations) in each Grade to the Four 
Problem Types

Unsolvable Multiple 
solutions

Given
solution Irrelevant data Mean

Grade 1 2
(.14)

8
(.27)

18
(.39)

34
(.48)

15.5
(.32)

Grade 2 4
(.20)

10
(.30)

26
(.44)

32
(.47)

18
(.35)

Grade 3 18
(.39)

30
(.46)

36
(.49)

48
(.51)

33
(.46)

Grade 4 30
(.46)

36
(.49)

62
(.49)

70
(.46)

49.5
(.48)

Grade 5 22
(.42)

50
(.51)

72
(.45)

78
(.42)

55.5
(.45)

Grade 6 34
(.48)

48
(.51)

60
(.50)

82
(.39)

56
(.47)

Mean 18.3
(.39)

30.3
(.46)

45.7
(.50)

57.3
(.50)

answers, and afterwards we report 
the results of the qualitative analy-
sis of the pupils’ errors.

Quantitative analysis
Table 1 gives the percentages 

and standard deviations of the cor-
rect responses for the four experi-
mental items in the six grade lev-
els. Data were analyzed by a mixed 
ANOVA 6 (Grade: 1 vs. 2 vs. 3 vs. 
4 vs. 5 vs. 6), as a between-sub-
ject factor, x 4 (Problem type: un-
solvable vs. multiple solutions vs. 
given solution vs. irrelevant data), 
as the within-group factor, with 

repeated measures for the last fac-
tor.

The first notable result was 
children’s great difficulties to solve 
the four non-standard problems, 
as shown by the overall percent-
age of correct answers which was 
only 37.9%. This finding was in 
line with our first prediction, and 
with the results of several previ-
ous studies, in which an alarm-
ingly high number of incor-
rect answers in solving different 
kinds of non-standard problems 
had been found (see also Baruk, 
1985; Jiménez & Ramos, 2011; 
Littlefield & Riesser, 1993; Ra-
datz, 1983; Reusser, 1988; Selter, 
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1994; Van Dooren et al., 2005; 
Verschaffel et al., 1994). In gen-
eral, the low level of success for 
these problems confirms children’s 
misconceptions about word prob-
lems and how to handle them in 
the mathematics classroom. Look-
ing at this overall result from an 
individual perspective, we found 
that a high percentage of pupils 
was unable to adequately consider 
the specific problems’ requests, as 
evidenced by the fact that 34.7% 
of children did not correctly solve 
any of the four non-standard prob-
lems, and that only 12% of par-
ticipants correctly solved all four 
problems.

Second, the ANOVA showed a 
significant main effect for Problem 
type, F(3,882) = 73.18, p < .01, 
ηp

2 = .199. More specifically, the 
order of difficulty was increas-
ing starting with the unsolvable 
(18.3%), and followed by the mul-
tiple solutions problem (30.3%), 
the given solution problem (45.7%) 
and, finally, the irrelevant data 
problem as the easiest one (57.3%) 
(see Table 1). Post hoc analyses 
showed that all these increases in 
the overall difficulty level of the 
four problems were significant 
(Bonferroni’s test, p < .01). Assum-
ing that the above-mentioned dif-
ferences for each problem type are 
a reflection of the strength of the 
misbelief they aim to address, this 
second finding shows, as expected, 
that certain beliefs are more estab-

lished in the children’s thinking 
than others.

Third, a significant effect of 
Grade was found, F(5,294) = 17.57, 
p < .01, ηp

2 = .230. Post hoc anal-
yses showed significant differ-
ences between each of the three 
lower grades and each of the three 
upper grades (Bonferroni’s test, 
p < .01), but no significant differ-
ences within the three lower (15.5 
vs. 18 vs. 33%, respectively, for 
Grades 1, 2 and 3) or within the 
three upper grades (49.5 vs. 55.5 
vs. 56%, respectively, for Grades 
4, 5 and 6) (see Table 1). So, while 
we found an increase of the level 
of success throughout the elemen-
tary school, the generally low level 
of performance in the upper grades 
and the lack of any significant pro-
gression during these grades were 
quite striking. As shown in Table 1, 
in Grades 4, 5 and 6 still at most 
50% of children’s responses could 
be considered as correct.

Finally, the interaction be-
tween Problem type and Grade was 
also significant, F(15,882) = 1.71, 
p < .05, ηp

2 = .028. As shown in 
Figure 1, the developmental pat-
tern of children’s performance was 
very similar for each of the four 
non-standard problems because pu-
pils’ performance always increased 
with grade, except in a few cases 
wherein the level stagnated (i.e., 
Grades 5 and 6 in the multiple so-
lutions problem) or even decreased 
(Grade 5 in the unsolvable prob- 
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lem and Grade 6 in the given so-
lution problem) (see also Table 1). 
As a result of this consistency in 
the developmental pattern for each 
type of problem, the above-men-
tioned overall order of difficulty 
was reflected in each grade (see 
Figure 1).

Mean differences for unsolv-
able problems between Grades 4 
and 5 (M = .30 vs. M = .22, re-
spectively) and for given solution 
problems between Grades 5 and 
6 (M = .72 vs. M = .60, respec-
tively) were calculated by inde-
pendent unpaired Student’s t tests. 
Results showed significant mean 
differences only in the latter case 
(p < .05).

Qualitative error analysis

In this section we first com-
ment on the overall distribution of 
the errors over the different error 
categories. Then we report the re-
sults of the qualitative error anal-
ysis for the four types of prob-
lems, and, finally, for the six grade 
levels. Taking in account that the 
overall percentage of errors for 
every Problem type and Grade was 
different (see Table 1), we have 
computed the percentages of incor-
rect answers in relation to the total 
number of errors being made.

The overall analysis of er-
rors showed that, in every Prob-

Figure 1. Percentages of level of success for each problem type per grade.
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Furthermore, we found a differ-
ent pattern of distribution of chil-
dren’s incorrect answer categories 

for the four non-standard problems 
(see also Table 2). The frequency 
of errors based on the addition of 

Table 2
Percentage of Incorrect Answers, in Relation to the Total Percentage of Errors, over the 
Problem Type

Unsolvable Multiple 
solutions

Given 
solution

Irrelevant 
data Mean

Addition incorrect answer 39.6 60.2 79.2 82.7 65.4
Other incorrect operation(s) errors 37.1 21.1 15.2 11.0 21.1
No answer  2.1  4.7  1.9  0.0  2.8
Other answer 21.2 14.0  3.7  6.3 11.3
Note. Total percentage of errors for each problem was unsolvable = 81.7%, multiple solu-
tions = 69.7%, given solution = 54.3%, and irrelevant data = 42.7%.

lem type, most of them were ad-
dition incorrect answers (64.5%), 
followed by other incorrect 
operation(s) errors (21.1%), then 
other answers (11.5%), and fi-
nally no answers (2.8%). As ex-
pected, the addition appearance of 
the four non–standard problems 
caused that most errors were pro-
duced by a superficial analysis of 
the problem, resulting in adding 
up all the numbers offered in the 
statement while neglecting the real 
problem’s requests. A rather high 
percentage of errors came from 
the erroneous application of one 
of the three other incorrect opera-
tions, namely subtraction, multi-
plication or division, with all the 

given numbers, or a combination 
thereof. The category of errors that 
was ranked third, namely other an-
swers, involved a variety of nu-
merical errors that will be dis-
cussed later on. Finally, only 2.8% 
of totality of the incorrect answers 
occurred because children did not 
offer any solution (see Table 2). 
This percentage of no answers is 
remarkably low, most probably, 
because the combination of the na-
ture of our non-standard problems 
strongly evoked an “add all num-
bers” solution strategy. But also, 
the fact that children were not col-
lectively but individually tested 
may have led to such a low per-
centage of no-answer errors.
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all given numbers increased with 
decreasing problem difficulty, from 
only 39.6% for the most difficult 
problem, namely the unsolvable 
problem, to 82.7% for the easi-
est problem, namely the irrelevant 
data problem. To the contrary, the 
other incorrect operation(s) errors 
and other answers tended to aug-
ment with increasing problem dif-
ficulty.

We now turn to a more fine-
grained analysis of these error 
data, by looking at the distribu-
tion of the three main error catego-
ries and the precise nature of these 
errors in each of the four Prob-
lem types. As reported before, the 
unsolvable problem, violating the 
idea that “every problem has a so-
lution”, was the most difficult one. 
Remarkably, the distribution of the 
three main errors categories was 
most equal in this problem type. 
That is, 39.6% of all errors were 
produced by adding up the two 
given numbers, 37.1% came from 
the application of one or more 
other incorrect arithmetic opera-
tions, and 21.2% were considered 
as other answers. A closer look at 
the errors in the latter category re-
vealed three different types of other 
answers. First, 15.9 of these 21.2% 
other answers were produced be-
cause children noticed that a nu-
merical element was missing and 
modified the problem to make it 
solvable, by adding themselves 
that missing number (e.g., Ana has 

now 0 euro, because she had be-
fore 7 euro and she gave to María 
7, so she has no more money left. 
She was supposed to have 7 euro, 
because, if not, it would have been 
written in the problem statement). 
Despite such responses can be con-
sidered as nice examples of chil-
dren’s “sense-making” attempts 
(Schoenfeld, 1991; Selter, 1994; 
Verschaffel et al., 2000), their solu-
tions were considered as incorrect, 
in the context of the present study, 
because they elaborated the prob-
lem in a “random” way to allow 
the computation of a solution, in-
stead of working within the (prob-
lematic) task constraints. Second, 
2.5% of other answers were solu-
tions whereby children also did re-
spond with a precise numerical an-
swer, showing again the need to 
come up with a numerical solution 
anyhow, but without providing a 
clear rationale for how they arrived 
at that number (e.g., the solution is 
6 because this is the answer to the 
problem). Third, 2.8% of other an-
swers showed a misunderstanding 
about which was the missing data 
(e.g., I do not know the answer, be-
cause the prize of the tickets is not 
included in the problem statement).

In order of decreasing diffi-
culty, children found fewer —but 
still considerable— difficulties 
in solving the multiple solutions 
problem, which contradicted the 
belief that for every word problem 
“there is only a precise numerical 
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correct answer”. For this problem, 
most errors were again catego-
rized as addition incorrect answers 
(60.2%), but there were also quite 
some other incorrect operation(s) 
errors (21.1%) and other answers 
(14%). Interestingly, it was again 
possible to distinguish different 
types of responses in this last cat-
egory. The first one involved again 
various kinds of self-made adapta-
tions of the problem story to trans-
form it into a standard problem 
solvable by just one single numeri-
cal answer (10.5 of 14% of other 
answers). For example, some pu-
pils provided themselves additional 
semantic information with a view 
to get rid of the imprecise numeri-
cal element “a few” (e.g., I think 
she already ate the few mint chew-
ing gums she had initially, so we 
should not take in account these 
‘few’ and so she now has only 
8 mint chewing gums); in other oc-
casions they converted the impre-
cise information element “a few” 
in a precise number (e.g., a few 
can be 1, only 1, so now she has 9 
chewing gums). The second type 
of erroneous other answers (the re-
maining 3.5 of the 14% of other 
answers) were solutions whereby 
children offered an invented pre-
cise numerical answers, without 
any clear explanation, showing 
the need to offer a solution for the 
problem even when they did not 
know how to solve it (e.g., 5 be-
cause I have guessed).

The given solution problem, 
explicitly going against the mis-
belief that “it is always necessary 
to do an arithmetic operation to 
solve a problem”, was easier for 
the children. In this problem, most 
errors were expected addition in-
correct answers (79.2%) and, to 
a much lesser extent, other incor-
rect operation(s) errors (15.8%). 
Only 3.7% of total errors solu-
tions were categorized as other 
answers: 2.4% of them were also 
produced by the need to offer a 
numerical solution different from 
a given number but resulting from 
some arithmetical operation, with-
out understanding or explaining 
the procedure (e.g., 105 sheep be-
cause he shepherd expands the 
farm), and in 1.3 of these 3.7% 
of other answers because they in-
correctly considered the problem 
as an unsolvable problem rather 
than as a given solution problem, 
realizing that they could not add 
the data (e.g., it cannot be solved 
because the shepherd has bought 
goats and the problem is asking 
for the sheep, so I cannot do any-
thing with the goats).

Finally, the easiest problem 
was the irrelevant data one, in 
which pupils had to do an arith-
metic operation, namely an addi-
tion, but the challenge was to de-
tect that one of the data included 
in the statement – the second one, 
was irrelevant and should there-
fore not be added to the two other 
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ones. In this problem, most errors 
came, as expected, from adding all 
three given numbers (82.7%), in 
line with pupils’ belief that “all the 
numbers including in a problem 
must be used in the calculation”. 
Only 11% of responses came from 
the incorrect application of one or 
more arithmetic operations differ-
ent from addition. To a less extent, 
6.3% of the errors were other an-
swers: 5.6% of them because chil-

dren added up the two first num-
bers, the relevant and the irrelevant 
one, ignoring the other relevant 
number (e.g., 15 because Lorena 
had 12 crayons and she received 3 
more) and 0.7 of the 6.3% of other 
answers because children offered a 
solution without providing a clear 
or acceptable explanation for how 
they arrived at their numerical an-
swer (e.g., 100 crayons because 
she received a gift).

The analysis of errors in func-
tion of Grade, as shown in Table 3, 
revealed some age-related differ-
ences in the nature of the errors be-
ing made, according with the di-
dactical contract’s predictions. As 
shown in this table, the frequency 
of the dominant error category, 
namely adding up all numbers, 
tended to decrease with Grade, ex-
cept for the last two grades. More 

specifically, the percentages were, 
from Grade 1 to Grade 6, respec-
tively, 75.1%, 73.3%, 58.2%, 
53.5%, 43.8%, and 45.5%. To the 
contrary, the percentages of errors 
due to the incorrect application of 
other arithmetic operations, such 
as subtraction, multiplication, di-
vision and different combinations 
of them, tended to be higher in 
the upper grades than in the lower 

Table 3
Percentage of Incorrect Answers, in Relation to the Total Number of Errors, over the Grade

Grade 
1

Grade 
2

Grade 
3

Grade 
4

Grade 
5

Grade 
6 Mean

Addition incorrect answer 75.1 73.3 58.2 53.5 43.8 45.5 58.2
Other incorrect operation(s) errors  9.5 17.7 32.8 25.7 40.5 26.1 25.4
No answer  3.0  1.2  1.5  0.0  3.4  6.8  2.7
Other answer 12.4  7.9  7.5 20.8 12.3 21.6 13.8
Note. Total percentage of errors for each grade was Grade 1 = 84.5%, Grade 2 = 82%, Grade 
3 = 69.7%, Grade 4 = 50.5%, Grade 5 = 44.5%, and Grade 6 = 44%.
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grades, although that pattern was 
somewhat less clear.

It is not so surprising that the 
nature of the wrong-operation er-
rors change with grade. While first 
graders in Spain are typically con-
fronted almost exclusively with the 
operation of addition, in Grade 2, 
they are systematically and inten-
sively confronted with subtraction, 
while in Grade 3 the two other op-
erations get a lot of instructional 
attention, and afterwards all four 
operations get more or less equal 
attention. So, the decrease in the 
percentage of incorrect addition 
errors and the accompanying in-
crease in the percentage of other 
wrong operation errors during the 
first years of elementary school 
seem to be a direct reflection of the 
kind(s) of operation(s) with which 
the pupils had been confronted 
most frequently or most recently 
in their mathematics classes, as re-
ported by Sowder (1988; see also 
Verschaffel et al., 2000).

Discussion

Previous studies have found an 
alarmingly high level of incorrect 
answers when elementary school 
children have to solve different 
kinds of non-standard word prob-
lems. As a possible explanation, 
it has been claimed that children’s 
failure come from mathematics-
related beliefs that determine how 

they approach word problems in 
the mathematics classroom. These 
beliefs are claimed to be the indi-
vidual-psychological pendant of 
the socio-mathematical classroom 
norms (Yackel & Cobb, 1996) or, 
as Brousseau (1997) would call it, 
the didactical contract. For exam-
ple, some studies in which some 
children have been interviewed 
about their previous incorrect re-
sponses to different non-standard 
word problems, have evidenced 
that some of these errors, result 
from the belief(s) that: (1) every 
word problem is solvable, (2) there 
is only one numerical and precise 
correct answer, (3) it is necessary 
to do calculations to solve a word 
problem, and (4) all numbers that 
are part of the word problem must 
be used in order to calculate the 
solution. (Caldwell, 1995; Hil-
dalgo, 1997; Reusser & Stebler, 
1997; for a review see Verschaffel 
et al., 2000).

The present study systemati-
cally investigated the development 
of the four above-mentioned be-
liefs about word problems. Groups 
of children from Grade 1 to 6 were 
asked, in the context of an individ-
ual interview, to solve four prob-
lem types of word problems that 
violated these four beliefs. The 
study has confirmed, first, chil-
dren’s great difficulties in solving 
non-standard problems that contra-
dicted these four specific beliefs.
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Second, it has revealed sub-
stantially different levels of dif-
ficulty among the non-standard 
problems depending on which be-
lief the problem contradicted. Spe-
cifically, the unsolvable problem 
was the most difficult one, fol-
lowed, in decreasing order of diffi-
culty, by the multiple solutions, the 
given solution, and the irrelevant 
data problem. These differences 
indicate that some beliefs are more 
established in the children’s think-
ing than others. The finding that 
the irrelevant data problem elic-
ited most correct responses sug-
gests that the belief that all given 
numbers should be used in a word 
problem, is the least entrenched 
one. In this respect, we remind that 
Gerofsky’s description of a (stand-
ard) word problem (1996) does not 
exclude the possibility of irrelevant 
data (although it considers it as 
highly atypical). The fact that the 
given solution problem was found 
to be more difficult, seems to in-
dicate that children believe more 
strongly that a proper solution of 
a word problem requires at least 
one arithmetic operation (with the 
given numbers). The finding that 
the multiple solution problem was 
still more difficult, can be inter-
preted as evidence that it is even 
harder for children to overrule the 
belief that every word problem has 
(only) one numerical answer. Fi-
nally, given that the unsolvable 
problem was the most difficult of 

all four non-standard problems, we 
may conclude that the belief that 
every word problem is altogether 
solvable is extremely strong. In 
this respect, we remind that Pucha-
lska and Semadeni (1987) observed 
that many children, who (rightly) 
described a problem as unsolva-
ble, also thought that a better stu-
dent or the teacher could solve it 
for sure. The present study did not 
investigate the origins of the dif-
ferential strength of these four be-
liefs, but our literature review (see: 
Introduction) suggests that they lie 
in the nature of the textbook prob-
lems given to the pupils and the 
way in which these problems are 
conceived and treated by teach-
ers. Although there is already some 
evidence for this claim (e.g., Freu-
dental, 1991; Gerofsky, 1996; Re-
usser & Stebler, 1997; Schoenfeld, 
1991; Wyndhamn & Saljo, 1997), 
more research is needed.

Third, the percentages of cor-
rect responses tended to increase 
with grade, but we only found a 
significant difference between the 
first and last three grades of ele-
mentary school, and still far from 
flawless performance in the upper 
grades, as previous researches with 
elementary and secondary school 
children and, even, student-teach-
ers (e.g., Baruk, 1985; Reusser, 
1988; Van Dooren et al., 2005; 
Verschaffel et al., 1994). Moreo-
ver, this general finding was ob-
served for each of the four problem 
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types. In comparison to the amount 
of formal knowledge that pupils 
are accumulating in the course of 
six years of elementary mathemat-
ics education, their relatively low 
performance on these four types of 
non-standard word problems, even 
at the end of elementary school, 
is quite alarming, suggesting that 
what they have learnt during the 
word problem solving lessons is 
essentially to routinely solve stand-
ard word problems but not to react 
properly and reflect thoughtfully 
upon problems that deviate from 
that standard.

Finally, the qualitative error 
analysis showed that the most fre-
quent type(s) of errors are those 
resulting from a process whereby 
the non-standard problem was 
—mostly unnoticed but sometimes 
consciously— treated as or trans-
formed into a standard one.

From a methodological per-
spective, we acknowledge that the 
present study provided only indi-
rect behavioral evidence for the 
role of beliefs about word prob-
lems on children’s actual solutions 
of these problems. Therefore, it 
would be interesting to comple-
ment the systematic analysis of 
children’s correct and incorrect re-
sponses to non-standard problems 
that violate certain beliefs, with 
an analysis of their reactions to 
questionnaires and/or interviews in 
which they are more directly ques-
tioned about these beliefs. The con-

frontation of these different kinds 
of data could yield deeper insight 
into the nature of the relationship 
between children’s approaches to 
and beliefs about word problems, 
as well as about children’s level of 
consciousness of these beliefs.

Anticipating on the forth-
coming empirical evidence of the 
needed further ascertaining stud-
ies, from an educational perspec-
tive, our study adds to the claims 
made by several authors (Staub & 
Reusser, 1995; Verschaffel et al., 
2000) to seriously alter the domi-
nant practice and culture of word 
problem solving lessons, by chang-
ing both the nature of the prob-
lems given to the pupils and the 
way these problems are treated by 
the teacher. With respect to the na-
ture of the problems, many authors 
have pleaded for more purpose-
ful variety in the problems that are 
given to the pupils. More specially, 
besides the standard problems 
that are cleanly and unquestion-
ably modeled by applications of 
(one or combinations of) the four 
basic arithmetic operations with 
the numbers given in the problem, 
children should at regular times 
also be confronted with non-stand-
ard problems including (a) prob-
lems with superfluous, misleading, 
or missing data, targeting the belief 
that all data in the problem state-
ment, and no others, should be fed 
into the calculations, (b) problems 
where alternative situation models 
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and solutions are possible, counter-
ing the belief that there is a single 
correct interpretation and solution 
for every problem, (c) problems 
calling for an appropriate mix of 
forms of answers, such as estima-
tions instead of precise calcula-
tions, answers in the form of in-
tervals, and explanations why a 
given problem is unsolvable, but 
also (d) tasks requiring pupils to 
pose or reformulate word problems 
themselves instead of solving them. 
Such variation in the problem set 
would break up the beliefs among 
children about the rules involved 
in the didactical contract. With re-
spect to the way the problems are 
treated by the teacher, research-
ers have pleaded for alternative 
ways of working and communicat-
ing with pupils around these prob-
lems. This could involve explicit 
discussions with children about to 
the genre of word problems, their 
function, and their implicit expec-
tations and rules, as well as their 
relation with solving modeling 

problems in the real world out of 
school (Gerofsky, 1996; Staub & 
Reusser, 1995; Verschaffel et al., 
2000). In this respect, we refer to 
studies by Chapman (2009) and 
Depaepe, De Corte, and Verschaf-
fel (2009), pleading for a better 
balance between a “paradigmatic” 
and a “narrative” approach to word 
problem solving in the classroom 
discussions. We acknowledge that 
the above recommendations con-
stitute a major program for a thor-
ough overhaul of word problems 
and their use in the mathematics 
lessons. However, the research lit-
erature contains examples of stud-
ies showing significant positive 
effects on elementary school chil-
dren’s approaches to and beliefs 
about word problems of experi-
mental intervention programs that 
deliberately and systematically aim 
at changing the nature of the prob-
lems and their instruction (see e.g., 
Mason & Scrivani, 2004; Verschaf-
fel et al., 1999; Verschaffel & De 
Corte, 1997).
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