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Abstract: Arithmetical word problem solving has a double nature, textual and mathematical, that
is, several cognitive processes related to the comprehension of a word problem as a text and as a
mathematical structure to be grasped and manipulated are involved in the word problem solving
process and influence children’s task performance. Theoretical models and empirical studies have
accounted for the implications of these different processes for word problem solving. Based on
the rewording methodology a new study was set up to assess the influence of two kinds of re-
wording - mathematical and situational - on two-step change problems of two different levels of
mathematical and situational difficulty. Results showed that while mathematical rewording im-
proved children’s performance on mathematically as well as situationally difficult problems,
situational rewording was not useful for any of them.
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The cognitive processes underlying arith-
metical word problem solving have been
intensively studied by cognitive and in-
structional psychologists over the past 25
years. As far as addition and subtraction
word problems involving only one arith-
metical operation are concerned, there are
three major types of problems: change,
combine, and compare problems (Riley,
Greeno, Heller, 1983; see also Fuson,
1992; Reed, 1999; Verschaffel, De Corte,
1993, 1997). Some authors have suggested
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a fourth category, namely "equalize prob-
lems", which involve a change of a quanti-
ty within a compare situation and, thus,
combine features of a change and a com-
pare problem. Within each of these four
basic semantic categories, further distinc-
tions have been made based on the direc-
tion of the action or the relation (e.g., an
increase or a decrease of the initial setin a
change structure) and on the identity of the
unknown set (e.g., the start set, the change
set, or the result set in a change structure),
resulting in 20 different types of one-step
addition and subtraction problems.
Notwithstanding the vast amount of re-
search that has been done on this type of
word problem over the past 25 years, there
is stll much unclearness and discussion
about which cognitive processes underlie
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children’s understanding and solution of
these problems. Especially the nature of
the cognitive schemes and processes -
other than the (purely) mathematical ones -
that are involved in the initial phases of the
word problem solving process is still a
matter of serious debate (Verschaffel,
Greer, De Corte, in press). The main goal
of this article is to assess the importance of
a good and rich understanding of the situa-
tion evoked by the problem text, especially
when the problem difficulty is mainly or
also caused by situational (rather than
mathematical) complexities.

THEORETICAL FRAME

Two different kind of theoretical models
have been proposed for explaining how
people solve arithmetical problems. Most
classical ones (Briars, Larkin, 1984; Riley
et al., 1983; also Kintsch, Greeno, 1985)
are based on the idea that word problems
can be solved by applying mathematical
knowledge only, that is, by using mathe-
matical knowledge to select the numerical
data and the arithmetical operation needed
for solving them. This mathematical
knowledge allows children to detect and
operate with the part-whole structure un-
derlying the three kind of arithmetical
problems, and to build a mathematical
mental model in which the sets involved in
the problems and their mutual relations are
represented. More recent models (Reusser,
1988; Kintsch, 1988, 1998) are based on
the assumption that word problem solving
involves not only mathematical but also
situational thinking. For example, Reuss-
er’s model claims that, before the mathe-
matical (quantitative) model is generated, a
necessary step in the problem solving pro-
cess is the generation of a qualitative re-
presentation (= the Episodic Situation
Model) of the situation described by the

problem’s text. Only when this qualitative
mental model has been generated can the
mathematical model be generated by ab-
stracting the sets involved in the situation
and the part-whole relations between them.

Empirical studies have found that small
changes in the wording of problem texts,
aimed at modifying (see e.g., Hudson,
1983) or clarifying (see e.g., Cummins,
Kintsch, Reusser, Weimer, 1988; Cum-
mins, 1991; Davis-Dorsey, Ross, Morri-
son, 1991; De Corte, Verschaffel, De Win,
1985; Staub, Reusser, 1992; Stern, Lehrn-
dorfer, 1992) the mathematical and/or the
situational problem model, may have a
dramatic (positive) impact on children’s
solution processes and skills. Considering
the two kind of theoretical models
(mathematical and situational), these stu-
dies on rewording can be grouped accord-
ing to the kind of extra information they
regard as helpful for improving children’s
understanding of word problems: studies
that focused on the explicitation of the
mathematical structure of the problem
(Cummins, 1991; Davis-Dorsey et al.,
1991; De Corte et al., 1985) and those in
which some aspects of the situation in
which the problem is embedded was modi-
fied (Hudson, 1983; Cummins et al., 1988;
Davis-Dorsey et al., 1991; Staub, Reusser,
1992; Stern, Lehrndorfer, 1992). While
studies on mathematical rewording were
quite uniform in their rewording of the
problems', studies on situational rewording
were much less homogeneous in their
definition and operationalization of the

' These studies did so first, by including a sentence
identifying the initial state set that was added at
the beginning of change-final set unknown prob-
lems; second, by including the expressions "X of
these ____ " and "the rest” for combine-part unknown
problems; and finally, by modifying the usual ques-
tion in compare problems: "How many more birds
than worms are there?" is changed to another ques-
tion: "How many birds won’t get a worm?"
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rewording factor (see Table 1), and suf-
fered from some important methodological
limitations. First, when modifying the
situational context of the problem, some of
these studies also modified the problem’s
mathematical features. For example, by
introducing in the question an action that
children could easily imagine, Hudson
(1983) actually transformed the original
compare problem into an equalize prob-
lem, which is known to be easier to solve
(see Table 1). Second, a detailed and for-
mal description and account of the
(different kinds of) modified texts and

their relation to the original standard ver-
sions is missing. For instance, Cummins et
al. (1988) did not clarify the nature of the
relation between the information added
and the information given in the problem.
A second example can be found in Staub
and Reusser’s (1992) study: they included
very different kinds of modifications in the
same reworded problem - syntactical as
well as situational - and, consequently,
only an approximative speculation could
be made about the relative influence of
each type of modification distinguished by
these authors.

Table 1. Rewordings used in previous studies

Note: CH - change; CB - combine; CP - compare. Words in italics indicate the extra

information added compared with the standard formulation

Study Problem Example(s) of Example(s) of
type standard problems reworded problem(s)
Hudson (1984) CP1 "There are five birds and | "Here are some birds and

three worms. How many
more birds than worms are
there?"

here are some worms.
Suppose the birds all race
over and each one tries to
get a worm. How many
birds won’t get a worm?"

De Corte et al. CH5 Joe won 3 marbles. Now "Joe had some marbles. He
(1985) he has 5 marbles How won 3 more marbles. Now
many marbles did Joe he has 5 marbles. How many
have in the beginning?" marbles did Joe have in the
beginning?"
CB2 "Tom and Ann have 9 "Tom and Ann have 9 nuts
nuts. Three nuts belong to | altogether. Three of these
Tom. How many nuts does| nuts belong to Tom. The rest
Ann have?" belong to Ann. How many
nuts does Ann have?"
CP1 "There are six children "There are 6 children but

and three chairs. How
many more children than
chairs are there?"

there are only 3 chairs. How
many children won’t get a
chair?"

Table continues
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Table 1 (continued)

Study Problem Example(s) of Example(s) of
type standard problems reworded problem(s)
Davis-Dorsey et | CH5 | "John walked 3/5 of a mile | The wording was done the
al. (1991) CB2 | to see a movie. Later he same as in De Corte et al.
CP1 walked to Mike’s house. (1985), and additionally,
John walked 4/5 of a mile | there was personalization
altogether. How far did with children’s favorite
John walk from the movie | movie, household pets’
to Mike’s house?" names, favorite food, and
friends’ names: "(Best
friend) walked 3/5 of a mile
to see (favorite movie).
Later he walked to (other
friend’s) house. (Best
friend) walked 4/5 of a mile
altogether. How far did
(best friend) walk from the
(favorite movie) to (other
friend’s) house?
Cummins (1991)| CB2 "Joe won 3 marbles. Now | Same as De Corte et al.
he has 5 marbles How (1985), except for the first
many marbles did Joe have | sentence, which is: "There
in the beginning?" are 9 nuts” instead of "Joe
had some marbles".
Cummins et al. CB2 | "Jane paid 13 dollars for Example of a CP 5 problem
(1988) CH5 | her racquet. She paid 5 (a similar rewording was
CH6 | dollars more than Mimi. applied to the other three
CP5 | How many dollars has kinds of problem): Jane and

Mimi paid?"

Mimi play tennis together
twice a week. They both
always try hard to beat each
other. Both of them decided
to buy new tennis racquets.
So far Jane has paid 13
dollars for her racquet. She
paid 5 dollars more than
Mimi. How many dollars
has Mimi paid?

Table continues
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Table 1 (continued)

Study Problem Example(s) of Example(s) of
type standard problems reworded problem(s)
Stern & CP1 "Peter has 6 Example of a CP 2 problem (a
Lehndorfer CP2 crayons. Laura has | similar rewording was applied to
(1992) CP3 4 crayons. How the other five kinds of compare
CP4 many fewer crayons | problem): Peter is Laura’s older
CP5 does Laura have brother. Because he is older, his
CP6 than Peter?" bedroom is larger and his toys are
more expensive than Laura’s.
Peter also gets more pocket
money than Laura and he has a
new bike whereas Laura has
Peter’s old bike. When Peter does
his homework, Laura doodles a
little bit, Peter has 6 crayons.
Laura has 4 crayons. How many
fewer crayons does Laura have
than Peter?
Staub & Reusser CH1 "Peter gave Mary 7 | Example for a CH 6 problem (a
(1992) CH2 apples. Now he has | similar rewording was applied to
CH5 4 apples. How the other kinds of problem): Peter
CH6 | many apples did has 4 apples now. Today Peter
Peter have?" gave Mary 7 apples. How many
apples did Peter pick vesterday?)

More recently, some new rewording
studies have been realized, which all took
Reusser’s (1988) model as their explicit
theoretical framework (Moreau, Coquin-
Viennot, 2003; Coquin-Viennot, Moreau,
2007, Vicente, Orrantia, Verschaffel, in
press), but the results have not shown that
including situational information has any
(positive) influence on children’s problem-
solving performance. Moreau and Coquin-
Viennot (2003) found that fifth-grade
children were able to distinguish the infor-
mation that is essential for solving two-step
change problems (= mathematical informa-
tion) from information that is necessary for
understanding the problem (= situational
information). In addition, Coquin-Viennot

and Moreau (2007) found that children’s
achievement was better when solving com-
pare (but not change) problems that in-
cluded compatible situational descriptions
of the situation (i.e., "A bicycle slightly
damaged is 120 euro less expensive than a
perfect one, which costs 750 euro. How
much does the damaged bicycle cost?”
than those in which an incompatible situa-
tion was described (i.e., "A fully-equipped
bicycle is 120 euro less expensive than a
normal one that costs 750 euro. How much
is the fully-equipped bicycle?").

However, in Moreau and Coquin-
Viennot’s (2003) first study nothing was
said about the influence of situational in-
formation on children’s actual problem-
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solving performance, and because the
second one (Coquin-Viennot, Moreau,
2007) did not include any standard ver-
sions of the word problems as a control
variable, it was impossible to assess the
relative positive effect of compatible con-
texts or the relative negative impact of
incompatible ones on children’s under-
standing of standard word problems.

Finally, Vicente et al. (in press) devel-
oped a fine-grained and formal description
and account of the textual adaptations,
and applied this descriptive system to gen-
erate three different reworded versions of
change, two-step problems. Standard ver-
sions did not contain any additional in-
formation; mathematically reworded ver-
sions highlighted the mathematical (part-
whole) structure of the problem, and situa-
tionally reworded versions described the
intentional, temporal and causal structure
of the situation, following Reusser’s
(1988) definitions of Episodic Situation
Model. The results showed that while
mathematical rewording significantly im-
proved children’s achievement, situational
rewording did not. After having exper-
imentally shown that these differential
results for mathematical and situational
rewording could not be explained by the
length of the resulting problem text, these
authors presented two alternative explana-
tions for the ineffectiveness of situational
rewording: first, their original word prob-
lems were situationally so transparent and
casy for the children that there was no
need for additional information about that
situation; second, word problem solving is
basically, as the classical models imply, a
mathematical activity, in which the con-
struction of an appropriate Episodic Situa-
tion Model (as claimed by Reusser, 1988)
is of minimal importance.

Recently, Vicente et al. (in press) argued
that Cognitive Load Theory (Sweller,

1999; Sweller, Chandler, 1991; Paas,
Renk, Sweller, 2003) may help to interpret
the findings of Vicente et al.’s study. This
theory claims that all cognitive tasks imply
three kinds of working memory load: first,
intrinsic load, which comes from the diffi-
culty of the task itself, and which cannot
be modified without changing the essen-
tials of the task, second, germane load,
which is related to the processes that allow
a deeper understanding of the information
and lead to a better achievement, and,
third, extraneous load, referring to all
processing that is not necessary or useful
for attaining the goal. Intrinsic load cannot
be modified, but germane and extraneous
load can be. So, taking into account that
these three kinds of processing share the
resources of the working memory, the goal
of instructional design is, according to this
theory, to try to increase germane process-
ing (without overloading working memo-
ry’s resources) and decrease extraneous
processing (by removing everything un-
necessary or irrelevant or misleading). So,
in terms of this theory, by rewording word
problems Vicente et al. tried to add rele-
vant information with the goal of enhanc-
ing germane processing without (simulta-
neously) increasing extraneous processing.
According to their results and interpreta-
tion, extra mathematical information can
be considered to be relevant and to imply
germane processing while extra situational
information can be considered to be irrele-
vant and to imply extraneous load. So, the
results obtained by Vicente et al. fit nicely
into Cognitive Load Theory.

The goal of the present study was to
know whether extra situational information
is useful for problem solving when the
problematicity of the task has not only a
mathematical but also a situational source.
We defined and operationalized situational
difficulty and situational rewording as in



STUDIA PSYCHOLOGICA, 50, 2008, 4

343

Staub and Reusser’s (1992) study: we
created situationally difficult problems by
designing problems in which the order in
which the events are described in the text
does not follow the actual sequence of the
events and then we generated versions of
these problems that did or did not contain
extra situational information that was ex-
pected to be helpful in disentangling the
actual temporal structure of the events.
By doing this, we wanted to investigate
whether additional situational c.q. tempo-
ral information is useful for solving prob-
lems whose difficulty comes (also) from
situational complexities, just as addi-
tional mathematical information had al-
ready proved to be an effective scaffold for
representing and solving mathematically
complex problems (Vicente et al., in
press).

METHOD
Sample

The task was administered to a sample of
131 children - 38 3rd-graders, mean age 8

years 4 months; 44 4th-graders, mean age
9 years 3 months; and 49 5th-graders,
mean age 10 years 5 months - from a
school in Salamanca, Spain. 62 of them
were male and 69 were female.

All students’ mathematical ability was
measured by means of the mathematical
scale of a Spanish test called BADYG
(Yusté, 1985). Based on children’s score
on this test, the sample was divided into
three different groups: low-achievement
(score below C 30, n = 20), average-
achievement (score between C 30 and C
70, n = 43) and high-achievement children
(score higher than C 70, n = 68).

Tasks

All problems used for the studies were
two-step change problems like the one
shown in Figure 1.

Variables included in the problems were
mathematical difficulty (easy vs. difficult),
situational difficulty (regular vs. irregular
order of events), and type of extra informa-
tion (standard, mathematical, or situa-
tional).

Figure 1. Schematic representation of the experimental problems

Note: the schematic representation corresponds to the following prototypical problem:
Peter had A meters of cable. He bought X meters more cable. He used Y meters of cable
and he ended up with C meters of cable. How many meters of cable did he buy/ use?
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Mathematical Difficulty Level

Problems could be easy or difficult de-
pending on the nature of the unknown set
in the problem (the meters of cable bought
(= set A, see Figure 1) or the meters of
cable used (= set B), respectively). Mathe-
matically easy problems (MATH-EASY)
implied a combination of two consistent®
change situations. Mathematically difficult
(MATH-DIFF) problems implied a combi-
nation of two inconsistent change situa-
tions (Riley et al., 1983) (see Figure 1).

Situational Difficulty Level

This variable was defined by the order in
which the events of the situation were
described. Following Staub and Reusser
(1992), two different versions of the prob-
lems were generated: "situationally easy”
and "situationally difficult" problems (SIT-
EASY, and SIT-DIFF, respectively). The
former describe the events by following
the natural order in which they would
appear in real life. SIT-DIFF problems
give the information about the initial mo-
ment of the action string only at the very
end of the problem text.

Rewording

Three different versions of reworded
problems were included: standard, mathe-

% Consistent problems are problems in which super-
ficial structure is in agreement with the operation
needed for solving the problem. Inconsistent prob-
lems are problems in which superficial structure and
the operation needed are opposite. That is, while for
consistent problems the operation elicited by the key
word (in our case: "win") is the same as the actual
operation to be done (i.e., an addition), in inconsis-
tent problems the operation to be performed (namely:
subtraction) is different from the one suggested by
the key word (i.e., "win). For this reason, consistent
problems are easier to solve than inconsistent ones.

matical and situational. Standard problems
did not contain any additional information.
The mathematical reformulation makes the
mathematical role of the total set shared by
the two one-step change situations® explic-
it, just as Vicente et al. (in press) did in
their study. Problems with situational in-
formation contained information added to
the standard problem in order to highlight
the temporal structure of the problem sit-
uation. Taking into account Vicente et al.’s
(in press) results, we decided to enrich the
standard problem text with additional tem-
poral markers, but with neither causal nor
intentional ones. The extra situational
information underlined the position of
each moment in the temporal sequence:
initial state, first change, second change
and final state. We also decided to include
a new moment into this sequence ("after
buying those meters of cable...), by means
of an action (..he began a renovation")
that highlighted the "transition" from the
first change situation to the second one. In
sum, the total number of experimental
problems was 2 (MATH-EASY wvs.
MATH-DIFF problems) X 2 (SIT-EASY
vs. SIT-DIFF) X 3 (standard, situational,
or mathematical) = 12. Examples for each
one of the experimental problems are
shown in Appendix 1.

A propositional analysis was carried out
to determine the differences between the
different kinds of problem at a textual
level, following Graesser and Goodman’s
(1985; see Vicente et al., in press) proposi-
tional analysis system. This analysis al-
lowed us to check that the different
reworded versions contained the same

* As we have already described, the two steps in a
two-step problem comprised a simple change situa-
tion. Each simple situation consisted of a start set, a
change set and a result set, and the set that played the
role of result set in the first simple change problem
was at the same time the start set of the second sim-
ple change problem.
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statement nodes* across mathematical and
situational difficulty levels, meaning that
textual features of the problems were simi-
lar in all conditions. Hence this variable
should not influence the results.

Predictions

The study aimed at testing the follow-
ing five predictions, the first one being a
replication of what was already found in
our previous study (Vicente et al., in
press).

First, children will perform better on the
reworded versions that enhance the cre-
ation of the mathematical model than on
the standard versions, but only for MATH-
DIFF + SIT-EASY problems (and not for
the three other problem types, namely
MATH-DIFF + SIT-DIFF, MATH-EASY
+ SIT-EASY and MATH-EASY + SIT-
DIFF). We don’t expect any influence of
extra mathematical information on these
problems because intrinsic load of MATH-
DIFF + SIT-DIFF will be too high, leaving
no room for the germane processing in-
duced by extra information; MATH-EASY
+ SIT-EASY are so easy that no extra
information is needed to solve them; and
finally the difficulty of MATH-EASY +
SIT-DIFF does not have a mathematical
source, so extra mathematical information
will not be helpful.

* Following Graesser and Goodman, "a statement
node is very similar but not equivalent to a proposi-
tion. Like a proposition, a statement node contains a
predicate and one or more arguments (...) but may
contain more than one proposition” (1985, p. 115).
They argued for example, that arguments needed for
some verb predicates (those which denote cognition,
perception, intentions and communication) must be
included in the same node. This way, the sentence
"The Egyptian knew that wagons have wheels" con-
tains 5 propositions: "Knew (Al, Proposition 2)";
"Possess (X1, X2)"; "Egyptian (Al); "Wagons (X1)"
and "Wheels (X2") although it can be considered as
one statement node.

Second, children will perform better on
the reworded versions that enhance the
creation of the situational model than on
the standard versions, but only on MATH-
EASY + SIT-DIFF problems (and not on
the three other problem types, namely
MATH-DIFF + SIT-DIFF, MATH-EASY
+ SIT-EASY and MATH- DIFF, + SIT-
EASY for the same reasons as our first
prediction for MATH-DIFF + SIT-DIFF
and MATH-EASY + SIT-EASY, and be-
cause the difficulty of MATH-DIFF +
SIT-EASY has not a situational source, so
extra situational information will not be
helpful).

Third, by including children’s mathemat-
ical ability level as a variable we expect to
assess the cognitive cost of processing
mathematical and situational information.
That is, if the processing of the extra in-
formation that is provided in the reworded
versions implies a low cognitive load,
children of all ability levels should im-
prove their performance on mathematically
reworded versions of MATH-DIFF + SIT-
EASY problems and on situationally re-
worded versions of MATH-EASY + SIT-
DIFF problems compared with standard
versions. However, if the cognitive cost of
processing these textual aids is high, only
high ability children will show such im-
provement on their achievement.

Fourth, regarding the type of errors ex-
pected for each problem type and version,
two different predictions can be formu-
lated. First, we expect children to commit
more errors implying some mathematical
comprehension on mathematically re-
worded problems compared with the
standard ones, but only on MATH-DIFF
+ SIT-EASY problems (and not on
MATH-DIFF + SIT-DIFF, MATH-EASY
+ SIT-EASY and MATH-EASY + SIT-
DIFF) (= prediction 4a); second, chil-
dren will demonstrate higher levels of
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mathematical understanding (via a better
situational understanding) when making
an error than on standard versions, but
only on SIT-DIFF + MATH-EASY prob-
lems (and not on MATH-DIFF + SIT-
DIFF, MATH-EASY + SIT-EASY and
MATH-DIFF, + SIT-EASY) (= prediction
4b).

Our fifth and last prediction concerns the
relative impact of the mathematical and
situational difficulty levels on children’s
performance. If the mathematical and sit-
uational complications have a similar in-
fluence on the task difficulty, effect size of
the differences between the MATH-EASY
and the MATH-DIFF problems and be-
tween the SIT-EASY and the SIT-DIFF
problems should be similar (= prediction
5a). If, however, increasing the mathemat-
ical difficulty of the problems has a greater
impact on children’s performance than
increasing their situational difficulty, effect
size of the differences between MATH-
EASY and MATH-DIFFICULT problems
should be bigger than between SIT-EASY
and SIT-DIFF problems (= prediction
5b).

Procedure

The 12 experimental problems were dis-
tributed over three different administra-
tions, each one with 4 experimental
problems. During each administration we
added two control items: two one-step
problems (a compare and a combine) for
third grades, and two two-step problems
(one involving two simple compare prob-
lems and one comprising two simple
combine problems) for fourth and fifth
graders. Moreover, four different ver-
sions of the tests were made, in which
the order of the items was counterbal-
anced in order to avoid disturbing order
effects.

Data Coding

Children’s responses were coded as cor-
rect (1 point) or incorrect (O points). We
considered as correct all solutions in which
the correct arithmetical operations with the
appropriate numbers were chosen, without
taking into account the computational
exactness of the final result, because we
wanted to assess children’s comprehension
of the problems and not their calculation
ability.

Children’s erroneous answers were ana-
lyzed too. To categorize these erroneous
answers we relied on categorizations de-
veloped by Cummins et al. (1988), Verg-
naud (1985) and Verschaffel (1994). Based
on these classifications we decided to dis-
tinguish two major error types, depending
on the level of understanding denoted.
First, answers that reflect an incomplete,
but not a totally incorrect, understanding
of the situation. And, second, a category
with all the mistakes that reflect no com-
prehension at all. Illustrations are provided
in Table 2.

RESULTS

Main results on every problem type and
its reworded version obtained by children
of all grades and ability levels are shown
by Tables 3 and 4.

Main results were analyzed by using
non-parametric tests (Kruskal-Wallis test
for analyzing general results by grade
and ability level; Friedman test for
analyzing rewording as a main effect;
Mann-Whitney U test for comparisons
between grades and Dbetween ability
levels; and Wilcoxon two paired samples
for analyzing results by mathematical
difficulty, situational difficulty and re-
wording).
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Table 2. Categorization of wrong answers

MATH-EASY PROBLEMS

MATH-DIFF PROBLEMS

Examples Peter had 37 meters of cable. | Peter had 37 meters of
He bought 100 meters more | cable. He bought some
cable. He used some more more meters of cable. He
meters of cable and he ended | used 126 meters of cable
up with 11 meters of cable. and he ended up with 11
How many meters of cable meters of cable. How many
did he use? meters of cable did he buy?

MISTAKES
COMPREHENSION 100 + 37; 100 - 11 126 +11; 126 - 37
100+ 11) - 37 (126 - 11) + 37
NO COMPREHENSION Other mistakes, i.e.:

100+ 37 + 11,100 - 37 -
No answer

11; 100 - 11; 100 X 11

Note: MATH-EASY - mathematically easy problems; MATH-DIFF - mathematically
difficult problems; SIT-EASY - situationally easy problems; SIT-DIFF - situationally

difficult problems

Table 3. Results obtained per grade

MATH-EASY MATH-DIFF
SIT-EASY SIT-DIFF SIT-EASY SIT-DIFF (T(’:{)
grade

St. |Mat| Sit | St. |Mat| Sit | St. |Mat| Sit | St. [Mat| Sit
Grade 3 0.710.66 [0.61 [ 0.42{0.61]0.29 [0.13{0.21 [ 0.08 [0.16 |0.16]0.18| 0.35
Grade 4 0.84|0.84 [0.700.64 [0.61]0.52[0.23]0.50 [ 0.30[0.23 0.20{0.16| 0.48
Grade 5 0.880.90 [0.86 [ 0.70{0.72]0.74 | 0.44 | 0.56 [ 0.50 | 0.36 |0.42[0.40| 0.62
Tot. (rew.) |0.81[0.80]0.72(0.590.65(0.520.27]0.42{0.29 |0.25 |0.26]0.25
Tot. (ord.) 0.78 0.58 0.33 0.25
Tot. (Diff.) 0.68 0.29

Note: MATH-EASY - mathematically easy problems; MATH-DIFF - mathematically
difficult problems; SIT-EASY - situationally easy problems; SIT-DIFF - situationally

difficult problems



348

STUDIA PSYCHOLOGICA, 50, 2008, 4

Table 4. Whole results obtained per ability level

MATH-EASY MATH-DIFF
SIT-EASY SIT-DIFF SIT-EASY SIT-DIFF ( g,‘l’,tt- )
ability

St. |Mat| Sit | St. | Mat| Sit | St. |Mat| Sit | St. |Mat| Sit
Low 0.50]0.55(0.55 0.55 [0.50 [0.250.15]0.25(0.00 {0.10[0.10|0.10| 0.30
Average |0.81[0.79]0.67|0.44 |0.60 |0.58(0.23|0.37 [0.23 [0.19]0.19[0.23| 0.45
High 0.91]0.90(0.83 [0.71 [0.72 [0.590.35]0.54|0.45 | 0.35[0.38|0.32| 0.59
Tot. (rew) [0.74]0.75|0.68|0.57 [0.61 [0.48[0.24|0.39{0.23 |0.21]0.22{0.22
Tot (ord.) 0.72 0.55 0.29 0.22
Tot (Diff.) 0.64 0.25

Note: MATH-EASY: mathematically easy

problems; MATH-DIFF: mathematically

difficult problems; SIT-EASY: situationally easy problems; SIT-DIFF: situationally

difficult problems

An overall analysis of the results by
grade (3, 4 and 5) and ability level (low,
average and high) of the pupils, and by
problem difficulty (MATH-DIFF + SIT-
DIFF, MATH-EASY + SIT-EASY and
MATH-EASY + SIT-DIFF, and MATH-
DIFF + SIT-EASY) and rewording (stan-
dard, mathematical and situational) was
performed. First, we analyzed the influ-
ence of grade and ability level on the re-
sults. Regarding grade, differences on
success rates were significant, x* = (2, 132)
= 30.26, p <.001. Significant differences
were found between third and fourth grad-
ers (z = 2.74; p < .007), fourth and fifth
graders (z = 3.19; p < .002), and third and
fifth graders (z = 5.25; p < .001) Differ-
ences of children’s success rates per ability
level was also significant, x> = (2, 132) =
22.56, p < .001. Differences were signifi-
cant between low and average (z = 2.26;

p < .03), average and high (z = 3.04; p <
.003) and low and high (z = 4.25; p < .001)
ability children.

Secondly, the effects of the three task
variables - mathematical difficulty level,
situational difficulty level, and rewording -
all, proved to be significant: mathematical
difficulty (z = 8.85; p < .001); situational
difficulty (z = 5.51; p < .001); and reword-
ing x*= (2, 132) = 13.34, p < .002). How-
ever, although the rewording effect was
significant, only the difference between
standard and mathematically reworded
versions was significant (z = 2.40; p <
.02).

A more detailed analysis of the results
allowed us to get information about the
different predictions that were stated be-
fore. Results were in line with our first
prediction, that is, mathematically re-
worded versions increased children suc-
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cess rates only for MATH-DIFF +
SIT-EASY problems (z = 3.20; p < .03)
and not for MATH-EASY + SIT-EASY,
MATH-DIFF + SIT-DIFF or MATH-
EASY + SIT-DIFF problems.

The results did not support our second
prediction, because children did not per-
form better on reworded problems that
enhance the creation of the situational
model of the problem, as previously re-
ported. In fact, for situationally reworded
versions the only significant difference
from standard versions was found for
MATH-EASY problems, on which stan-
dard versions allowed children a better
achievement (z = -2.32; p < .03). However,
this was the case for MATH-EASY +
SIT-EASY problems (z = -2.20; p < .03)
only.

As regards the influence of mathematical
ability level on the results (= prediction 3),
on the one hand, mathematically reworded
problems increased success rates on
MATH-DIFF + SIT-EASY problems,
especially for fourth graders (z = 3.00; p <
.004) and high ability children (z =2.71;
p < .008). Furthermore, although for SIT-
DIFF problems no significant differences
were found between standard and mathe-
matically reworded versions, mathemat-
ically reworded MATH-EASY + SIT-
DIFF problems increased third graders’
(z = 2.11;, p < .04) and average-ability
children’s (z = 1.19; p < .004) success
rates. According to our third prediction,
these results mean that the germane cogni-
tive load linked to extra mathematical
information is high, since only high
achievers performed better on the mathe-
matically reworded versions of MATH-
DIFF + SIT-EASY problems than on the
standard ones, and only average achievers
solved the mathematically reworded ver-
sions of MATH-EASY + SIT-DIFF prob-
lems more successfully than the standard

ones. Extra situational information, on the
other hand, hindered low achievers’ per-
formance on MATH-EASY + SIT-DIFF
problems (z = -2.44; p < .02). So, with
respect to our third prediction, we can
conclude that extra mathematical informa-
tion implies a high level of germane pro-
cessing, resulting in an advantage for
average and high achievers (but not for
low achievers), whereas extra situational
information implied extraneous processing
that led children from all ability levels, but
especially the low ability pupils, to per-
form more weakly on situationally re-
worded versions of the MATH-EASY +
SIT-DIFF problems than on the standard
versions.

Regarding the qualitative analysis of the
answers (= prediction 4, see Figure 2), a
non-parametric Chi-square test was applied
to analyze the nature of children’s wrong
answers. The results of the analysis of
children’s wrong answers were in line with
our prediction 4a but not with 4b. In line
with prediction 4a, for MATH-DIFF +
SIT-EASY problems the standard version
showed a significantly higher level of
no-comprehension mistakes than mistakes
denoting (some) mathematical comprehen-
sion, ¢* (1, N =52) =6.23, p < .02, while
this difference was not significant for the
mathematically reworded version, x> (1, N
= 46) = 2.17, p = .14. The same results
were observed for MATH-DIFF + SIT-
DIFF problems, [I¥ (1, N=99) = 6.313,
p = .01, for standard versions; x> (1, N =
97) = 2.320, p = .12 for mathematically
reworded version. Taken together, these
results support the idea that, although there
were no significant differences between
the mathematically reworded and standard
versions in children’s success rate, the
extra mathematical information allowed
children to understand better the mathe-
matically reworded versions of MATH-
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DIFF + SIT-DIFF than the standard ver-
sions.

However, contrary to our prediction 4b,
for MATH-EASY + SIT-DIFF problems,
standard and situationally reworded ver-
sions showed a higher level of no-compre-
hension mistakes than errors denoting
some mathematical comprehension, x* (1,
N =52)=10.24, p <.002; and > (I, N =
61)=6.23,p <.02.

Finally, and related to our fifth predic-
tion, we compared the influence of both
sources of difficulty of our study, namely,
mathematical and situational. In order to
do so, mean success rates were analyzed in
a 2 (mathematical difficulty: easy vs. diffi-
cult) X 2 (situational difficulty: easy vs.
difficult)y ANOVA with repeated mea-
sures. Both main effects proved to be sig-

nificant: mathematical difficulty, F(1, 132)
= 193.74, p <0001, n* = .59; and situa-
tional difficulty, F(1, 132) = 39.22, p <
0001, n* = .23 respectively. However, and
in line with our prediction 5b, the bigger
effect size coming from the mathematical
difficulty level (.59 vs. .23) suggests that
although the situational complications
affected the difficulty level of the task, the
influence of mathematical difficulty was
considerably bigger.

To summarize, the results obtained from
this study supported our predictions 1, 4a
and 5b. In line with our first prediction,
mathematical rewording led to better per-
formance compared with the standard
version for MATH-DIFF + SIT-EASY
problems but not for MATH-EASY +
SIT-DIFF + ones, MATH-EASY + SIT-

SIT-EASY

SIT-DIFF
MATH-EASY

SIT-EASY SIT-DIFF

MATH-DIFF

mNo comprehension errors |11,3|15,9/16,6 26,5

21,2|32,5(43,1|27,2146,9(46,9|42,4|55,3

m Comprehension errors

5,303,03/9,09|12,8

13,6(13,6|30,3|29,5|22,7|28,0(31,0/18,9

[ORight answers

81,0(80,0(/72,0|59,0

65,1|52,0(26,5|42,0(29,0(25,0(26,0|25,0

Figure 2. Qualitative analysis of the errors committed by children when solving each

version of each problem type
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EASY problems, or for MATH-DIFF +
SIT-DIFF. According to our prediction 4a
children committed less no-mathematical
comprehension errors when solving mathe-
matically reworded MATH-DIFF + SIT-
EASY problems than the standard ver-
sions. Furthermore, mathematically re-
worded MATH-DIFF + SIT-DIFF prob-
lems showed a higher level of errors indi-
cating some comprehension, which points
to the idea that mathematical information
had a slight influence on the results on
these problems. Finally, in line with pre-
diction Sa, the influence of the mathemat-
ical difficulty complication was bigger
than the effect of the situational difficulty
complication.

Our results did not support prediction 2,
4b, and 5b. Against prediction 2, extra
situational information did not seem useful
for any kind of problem, even though we
did our best to create a well-established
temporal structure for the situation de-
scribed by the problem, which in turn is
one of the central dimensions of the Epi-
sodic Situation Model defined by Reusser
(1988). On the other hand, and against
prediction 4b, no differences were found
between the kind of errors committed by
children on situationally reworded versions
and standard ones of MATH-EASY +
SIT-DIFF problems, and, against predic-
tion 5b, effect size of the situational diffi-
culty complication was much lower than
the mathematical one.

Finally, regarding prediction 3, results by
ability level showed that the processing of
mathematical information implied a high
cognitive cost, because though all children
showed a better performance on mathemat-
ically reworded MATH-DIFF + SIT-
EASY problems than on standard versions,
only for high ability children was this
difference significant. In addition, low
ability children were most harmed by sit-

uational information and showed the worst
achievement on situationally reworded
versions both on MATH-DIFF + SIT-
EASY and MATH-EASY + SIT-DIFF
problems.

DISCUSSION

To compare the relative effectiveness of
the different kinds of rewording on ele-
mentary school children’s understanding
and solution of word problems, Vicente et
al. (in press) carried out a set of studies in
which they found that, while mathematical
rewording leads to better achievement,
situational rewording does not. These dif-
ferential results could not be explained in
terms of the fact the resulting problem text
was much longer in the latter than in the
former case. The goal of the present study
was to test two alternative explanations for
these results. A first possible alternative
explanation was that the problems con-
tained no serious situational complexities,
sO no extra situational information was
required to solve them properly. According
to the second explanation, providing extra
situational information was useless be-
cause word problem solving is after all a
mathematical task, and because of this,
only extra mathematical information will
help problem solvers towards the success-
ful completion of the task whereas provid-
ing exftra situational details will not bring
the problem solver more quickly or easily
to his goal and may even hinder him in
reaching that goal. To investigate these
two hypothetical explanations, we set up a
study in which not only the mathematical
problem difficulty was manipulated, but
also the situational difficulty. Mathemat-
ical difficulty was manipulated by includ-
ing two consistent and two inconsistent
two-step change problems. As in the study
of Staub and Reusser (1992), situational
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difficulty was manipulated by working
with regular problems, in which the order
wherein the sets were introduced followed
nicely the order of actual events in the
situational model, as well as problems in
which the problem text did not follow the
regular order of events. Afterwards we
compared the effectiveness on perform-
ance and on level of understanding (as
evidenced by the kinds of error of the
provision of additional mathematical and
situational information in these mathemat-
ically and situationally easy and/or diffi-
cult problems.

The results are, again, very clear: gener-
ally speaking adding mathematical infor-
mation led to better performance whereas
extra situational information did not.
While this general result already points
towards the second above-mentioned ex-
planation, two additional results point
further in that direction. First, the propor-
tion of variance explained by the mathe-
matical difficulty of the task. Second, extra
mathematical information improved chil-
dren’s achievement on MATH-DIFF +
SIT-EASY problems (and also on MATH-
EASY + SIT-DIFF problems for third-
graders and average-ability children),
whereas situational rewording was not
helpful in any of these cases. This brings
us to the question: why was extra mathe-
matical information only helpful for the
two types of problems with only one diffi-
culty (either MATH-DIFF or SIT-DIFF
problems) and why it did not improve
children’s achievement on MATH-EASY
+ SIT-EASY problems or on MATH-DIFF
+ SIT-DIFF problems? Based on the Cog-
nitive Load Theory (Paas, Renk, Sweller,
2003; Sweller, 1999; Sweller, Chandler,
1991) germane processing of cognitive
tasks improves performance when the sum
of germane load and intrinsic load does not
overload available working memory re-

sources. In our study, MATH-EASY +
SIT-EASY problems may have been too
simple for children to demand additional
information (so there was no need for extra
information), while the intrinsic load of
MATH-DIFF + SIT-DIFF problems may
have been too high, leaving no room for
germane processing induced by extra in-
formation. The other two types of prob-
lems, on the other hand, which both were
of an intermediate level of complexity
(either mathematically or situationally
difficult), profited from adding functional
information.

In addition, the results obtained per abil-
ity level also fit well with Cognitive Load
Theory: as only high-ability children
showed a significant improvement in their
performance, we can assume that germane
load linked to extra mathematical informa-
tion was high. Arguably, high achievers
had more cognitive resources available for
germane processing and, because of this,
mathematical information was especially
useful to them on MATH-DIFF + SIT-
EASY problems. Furthermore, when in-
trinsic load decreased, namely, for MATH-
EASY + SIT-DIFF problems, average-
level achievers showed such an improve-
ment on mathematically reworded ver-
sions. Furthermore, extraneous processing
linked to situational information harmed to
low achievers especially, because precisely
they had fewer cognitive resources to face
the task and because some of them had to
be devoted to processing situational in-
formation.

In sum, our results again force us to con-
clude that we overestimated the power of
situational rewordings, at least for this
population of students and for these kinds
of task. From a theoretical perspective, we
can conclude that our results - as did those
from previous studies (Vicente et al., in
press) - failed to demonstrate the impor-
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tance and impact of the episodic situational
model in the solution process of word
problems. In addition our results can be
nicely interpreted in terms of Cognitive
Load Theory: while the processing of (task
relevant) extra mathematical information
produced germane load, at least for tasks
of intermediate complexity, and, conse-
quently, led to better problem-solving
performance, extra situational information,
which seemed to be task-irrelevant, led to
processes that produced extraneous load
on the solvers’ working memory and,
therefore, to a decrease in success rate.

Nevertheless, our results as well as their
theoretical implications must be taken very
carefully. At a theoretical level, and as we
have pointed out, rewording word prob-
lems and analyzing its effects on children’s
performance is only an indirect way of
accounting for the cognitive processes
implied in the task. Therefore, further
research is needed in which the results of
these studies based on indirect measures
are complemented by and confronted with
those from investigations that try to assess
more directly to what extent children try to
build up a (rich) situational model when
solving word problems, what difficulties
they encounter when doing so, how this
situational model is related to their further
problem-solving steps, and how the exis-
tence and richness of this model is in-
fluenced by wvarious task, subject and
context variables.

Received August 13, 2007
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APPENDIX 1

Examples of the experimental problems used in the study

EASY

Ordo-naturalis

Standard

Peter had 37 meters of cable. He bought 100 meters of cable. He used some meters of
cable and he ended up with 11 meters of cable. How many meters of cable did he use?

Mathematical

Peter had 37 meters of cable. He bought 100 meters more and joined them to those that
he had. From the resulting total of meters of cable he used some meters and he ended up
with 11 meters of cable. How many meters of cable did he use?

Situational

Two days ago Peter had 37 meters of cable. Yesterday Peter bought 100 more meters of
cable than those he already had. After buying those meters of cable he began a reno-
vation. While making the renovation he has used some meters of cable, and when he fi-
nishes there are 11 meters of cable left. How many meters of cable has Peter used?
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Non ordo-naturalis

Standard

Peter bought 100 meters of cable. He used some meters of cable and he ended up with
11 meters of cable. At the beginning Peter had 37 meters of cable. How many meters of
cable did he use?

Mathematical

Peter bought 100 meters more and joined them to those that he had. From the resulting
total of meters of cable he used some meters and he ended up with 11 meters of cable. At
the beginning Peter had 37 meters of cable. How many meters of cable did he use?

Situational

Yesterday Peter bought 100 more meters of cable than those he already had. After buy-
ing those meters of cable he began a renovation. While making the renovation he has
used some meters of cable, and when he finishes there are 11 meters of cable left. Two
days ago Peter had 37 meters of cable. How many meters of cable has Peter used?

DIFFICULT

Ordo-naturalis
Standard
Peter had 37 meters of cable. He bought some more meters of cable. He used 126 me-
ters of cable and he ended up with 11 meters of cable. How many meters of cable did he
buy?

Mathematical

Peter had 37 meters of cable. He bought some more meters of cable and joined them to
those that he had. From the resulting total of meters of cable he used 126 meters of cable
and he ended up with 11 meters of cable. How many meters of cable did he buy?

Situational

Two days ago Peter had 37 meters of cable. Yesterday Peter bought some more meters
of cable than those he already had. After bitying those meters of cable he began a reno-
vation. While making the renovation he has used 126 meters of cable, and when he fi-
nishes there are 11 meters of cable left. How many meters of cable did he buy?

Non ordo-naturalis
Standard
Peter bought some more meters of cable. He used 126 meters of cable and he ended up
with 11 meters of cable. At the beginning Peter had 37 meters of cable. How many me-
ters of cable did he buy?
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Mathematical

Peter bought some more meters of cable and joined them to those that he had. From the
resulting total of meters of cable he used 126 meters of cable and he ended up with 11
meters of cable. At the beginning Peter had 37 meters of cable. How many meters of
cable did he buy?

Situational

Yesterday Peter bought some more meters of cable than those he already had. After
buying those meters of cable he began a renovation. While making the renovation he has
used 126 meters of cable, and when he finishes there are 11 meters of cable left. Two
days ago Peter had 37 meters of cable. How many meters of cable did he buy?

VPLYV SITUACNYCH A MATEMATICKYCH INFORMACIL
NA SITUACNE ZLOZITE SLOVNE ULOHY

S. Vicente, J. Orrantia, L. Verschaffel

Siihrn: RieSenie aritmetickych slovnych dloh md dvojaky charakter: textovy a matematicky.
Znamen4 to, Ze na ich rieSeni sa podiela viacero kognitivnych procesov, ktoré umoZziuji pocho-
penie slovnej tdlohy ako textu a ako matematickej Struktiry - to vSetko ovplyviiuje vykon deti v
tychto tdlohach. Teoretické modely a empirické $tidie objasiuji implikdcie rozdielnych proce-
sov na rieSenie slovnych tloh. Uskuto¢nili novy vyskum, aby vyhodnotili vplyv matematického
a situa¢ného prestylizovania na rieSenie linedrnych rovnic o jednej nezndmej na dvoch trov-
niach matematickej a situaCnej obtiaZnosti dlohy. Vysledky ukdzali, Ze kym matematické presty-
lizovanie zvySilo vykon deti pri rieSeni matematicky aj situane zloZitych iloh, situacné
prestylizovanie nemalo Ziaden vplyv na rieSenie tloh.



