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Abstract

Math word problems can be quite challenging to students. In recent years, the math word

problem litcrature has emphasized the importance of situation models (SM). SMs arc a

way of building a mental representation (using the text and previous knowledge)

organized around five dimensi ist, causal, ional, temporal, and

spatial. Wording of math word problems was manipulated to reflect two of these

— spatial and fonal. Spatial and ) and
motivational (motivational and neutral) questions were given to grades 3 and 5 students.
Gender and grade were found to interact with performance in the spatial dimension, while

only gender interacted with performance in the motivational dimension,

Keywords: word problems, situation models, dimension, spatial di
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SITUATION DIMENSIONS 1
The Role of Situation Model Dimensions in Math Word Problems
Math is considered to be a problematic subject for most children (Clements, 2010;
Ginsberg, 2010; Cohen Levin, 2010) and continues to become more problematic as

s word

students progress through their education, especially when concepts such
problems are introduced (Aiken, 1972; Ballew & Cunningham, 1982; MacLeod, 1992 as
cited in Verschaffel & DeCorte, 1997; Son, Thai, Burke, & Kellman, 2010). Word

problems are short, made-up stories using quantitative relations between various

that require a solution (Martin & Bassok, 2005,

National Mathematics Advisory Panel (U.S. Department of Education, 2008) reports that

word problems are one of the three arcas for which students have the poorest preparation.
Yet, despite the development of specific teaching instruction to contend with students’

lack of success.

. the problem still remains.

‘The literature on success in formulating and solving mathematical word problems
in both children and adults has been examined in many different ways. Issues that have
been considered include computation ability (Muth & Glynn, 1985), reading
comprehension (Chase, 1960; Muth & Glynn, 1985) as well as reading ability of
mathematical word problems (O'Mara, 1981); syntactic structure of the word problem

(Linville, 1970 as cited in Aiken, 1972); vocabulary level of the individual (Dunlap &

McKnight, 1978; Linville, 1970 as cited in Aiken, 1972); translation ability (Dark &

Benbow, 1990); verbal-logical and visual strategies (Kaizer & Shore, 1995); linguistic
knowledge, and knowledge about the schema of school word problems (Verschaffel &

DeCorte, 1997). Though there are many diverse factors affecting a person’s ability to
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approach math word problems, this list is by no means exhaustive and cach factor plays
an essential role in an individual’s ability to master math word problems.

The recent literature in this field, however, has shifted focus to the importance of
situation models in the comprehension of word problems (Vincente, Orrantia, &
Verschaffel, 2008). Situation models (SM) are integrated mental representations of

described states of ips that are from information stated cxplicitly

in the text and information already known. These models are designed to explain text
comprehension as well as comprehension in other modalitics (Zwann & Radvansky,

1995). Situation models specify that any given situation can be described by five

causation, , temporal and spatial) and the
and di with these Although SMs are used to help
explain general (e.g. Zwann & 1998), they have also been

fruitfully applicd to the understanding of word problems (Coquin-Viennot & Moreau,
2007; Vincente et al., 2008; Thevenot, Devidal, Barrouillet, & Fayol, 2007).

The main objective of this rescarch was to further explore the potential of SMs in

understanding the solving of math word problems. Recent rescarch has only begun to

apply SMs to word problem understanding, so there remain many gaps in this effort as
well as a need for more specificity. The present study attempts to fill two such gaps. First,
although rescarch has investigated the role of the temporal dimension (Morcau &
Coquin-Viennot, 2003; Thevenot & Oakhill, 2005, 2006) and the protagonist dimension
(Stern & Lehrndorfer, 1992), the motivational dimension has so far been overlooked in

cts of word

word problem rescarch. The study below manipulates motivational asp
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problems to sce if increasing a character’s motivation will make a problem casier to
understand (or perhaps more salient), and therefore casier to solve.

The second aspect of SMs that this study explores is children’s understanding of
the association between the spatial dimension and the protagonist dimension. Recent

research concerning the protagonist dimension has shown promising results by

5. &

not only the i of the ist (¢.g.. Davis-Dorsey, Ro:

Morrison, 1991), but also how the protagonist can cause problem interference by being

spatially associated with distracting information (c.g., Mattarella-Micke & Beilock,
2010). This last effect, however, has only been demonstrated in adults, and only in terms

of interference slowing reaction time. The present study instead investigates children and

whether their actual performance, and not reaction time, can be affected by interfering

information that is either spatially associated or spatially disassociated.
Importance of Situation Models in Math Word Problems

Before describing the dimensions of SMs in more detail, it is worthwhile to
describe how SMs have been used to explain word problem comprehension. Zwann and

Radvansky (1998) have detailed four reasons as to why SMs are necessary for the

comprehension of text in general.

ry to understand a

t, the integration of information across sentences is nece:
verbal math problem. For example, take the following word problem from Verschaffel
and DeCorte (1997):

Joe had some marbles. Then Tom gave him 5 more marbles. Now Joc has 8
marbles. How many marbles did Joe have in the beginning? (p. 72)
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The integration of information across sentences allows the reader to create a SM that
includes both Joe and Tom. On reading the first sentence Joe is placed in a person’s
short-term memory as a potential protagonist. When the second sentence is read (*Tom
gave him 5 more marbles’), then Joe is retrieved from short-term memory as being the
*him” to whom Tom is referring (Zwann & Radvansky, 1998). The reader has created a
mental representation in their mind based on the initial information of Joe having some
marbles; when ‘him” is referred to in the second sentence the reader knows “him’ is the
character, Joe. The ability to integrate sentence information is vital for creating a SM
Being able to integrate information across many different modalities (c.g., visual,
written, and audio) is the second reason why SMs are necessary for comprehension
Visual images such as graphs, for example, can aid in comprehension by being mutually
incorporated with information taken from a text into an integrated SM (Zwann &
Radvansky, 1998). Skills in comprehending written media are strongly related to skills in
comprehending auditory and visual media (Gernsbacher, Verner, & Faust, 1990), which
supports the notion that multi-modal information is combined into a single SM
Nevertheless, word problem research suggests that highly able math students with
relatively equally developed verbal and visual abilities tend to subordinate their visual

skilled

analyses to verbal-logical analyses (Kaizer & Shore, 1995). In other words, les
comprehenders may have trouble with math word problems because of a lack of verbal-
logical skills, and not because of a lack of visual skills (Gernsbacher et al., 1990; Kaizer

& Shore, 1995).
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“Third, SMs explain how previous content knowledge can aid comprehension of
new text. High-knowledge readers (i.c., those with domain expertise) with less verbal
ability than low-knowledge readers can more casily construct a SM by retrieving
information from their long-term memory whercas low-knowledge readers may have to
produce a SM from no prior knowledge (Zwann & Radvansky, 1998). This role of
expertise has also been demonstrated in the math problem literature. On a task that
involved writing equations to represent sentences, Dark and Benbow (1990) found that
mathematically talented junior high students performed better than their average peers,
and college undergrads, but only performed better than their verbally-talented peers when
the equations were complex. Dark and Benbow proposed that, when the problems
became more complex, the mathematically talented students performed best because of
their domain specific knowledge.

Translation from other languages represents the last demonstration of the role of

SMs in text comprehension. If meaning was solely conneeted to words, then story
clements from different languages could not be integrated into a more complete
understanding. A SM provides a way for clements of meaning in different languages to
be combined into one representation (Zwann & Radvansky, 1998). Translation could also
be pertinent for the successful comprehension of a math word problem, as math has been
argued to be a distinct language (Aiken, 1972; Austin & Howson, 1979; Hall & Fuson,
1986; Kane, 1968; Rothman & Cohen, 1989). Undergraduate students, for example, are
quicker to solve numerical equation problems in comparison to solving word problems

(Mayer, 1982) and have an increased performance when solving a word problem in
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comparison to formulating an equation from a word problem (Martin & Bassok, 2005).
Essentially, it is casicr to solve a math word problem than it is to restate the word

problem in the language of mathematics, which is in the format of an equation

1f SMs arc a vital part of comprehension tasks in general, SMs should also be just

lhe next section reviews the

as important for the comprehension of math word problem:
literature to date that has applied SMs to math word problem understanding.
Dimensions of Situation Models

As previously mentioned, there are five dimensions used to describe SMs. These

are ist, causal, motivational, temporal and spatial (Zwann &

Radvansky, 1998). Each dimension cnhances a SM through the use of foregrounding
highlighting, or changing the accessibility of content in a text (Mattarella-Micke &
Beilock, 2010) by creating and maintaining a retrieval cue to the information in short-
term working memory (Zwann & Radvansky, 1998). Using these dimensions as an
organizational framework, the following subscetions will review the various studies that

apply SMs to math word problem comprehension

Classifications of these studics into these dimensions, however, are not

fow studies actively aim to represent one or more of the five

straightforward. Although

dimensions, most make no reference to the dimensions at all, instead referring to SMs
more generally. Most of the studics reviewed below will therefore be included on the
respective dimension based on an analysis of their method, even though the authors

themselves did not identify a dimension.
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Lastly, it should be noted that the authors in these rescarch studies use different
terms for SMs — qualitative situation model (Coquin-Viennot & Morcau, 2007), episodic

situation model (Reusser, 1989; Coquin-Viennot & Morcau, 2003), mental model

(Thevenot, 2010), and problem model (Hegarty, Mayer, & Monk, 1995). Nonethele
of these variants, regardless of differences in terminology, can be said to represent

situation models as it has been defined in this paper.

Protagonists and Objects

“The first and perhaps most fundamental dimension in situational models is the

protagonist. The protagonist s typically the main character in a story, though the “main

character” can be an object as well as a person, and there can also be more than one

protagonist. Protagonists are given more attention and become more accessible in
memory if they are given a proper name. Comprehension of objects in a text for the
purpose of creating a SM s typically related to how an object is coupled with a

protagonist, the intentionality of the object or the inferred intention, and the protagonist’s

goal while using the object (Zwann & Radvansky, 1998).
In the math word problem literature, only one study scems to deal dircctly with
the protagonist dimension. Davis-Dorscy ctal. (1991) wanted to examine applications to

mathematics problem solving as being specifically conveyed through context

personalization ~ information and specific referents about the individual learner. In
creating a personalized condition the authors were able to introduce a protagonist to the
word problem that was familiar (in name) to the individual. To study this question, they

such

had 2" and 5" graders answer a short with
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as the child’s name, the name of their pet or best friend, etc. The authors then created
specialized math word problems for all of the children based on information from their

biography. That is, they gave children problems where the protagonist had the same name

as the child or one of his or her friends (personalized problems) and compared their
performance on these problems to ones that had not been personalized. Both groups of
children performed better on personalized problems, suggesting that the act of giving a
protagonist a name that is significant to the child somehow helps that child to do better on
the problem in question.

The SM dimension of protagonist provides a focus in the story problem, not to
mention that SMs arc built primarily on the protagonist in the story. There is much
promise for rescarch in the protagonist/object dimension in word problems beyond this
one study, especially given that cach of the other four dimensions can affect the way a
protagonist/object is viewed by the reader, as well as how a protagonist is viewed in
combination with an object (Mattarella-Micke & Beilock, 2010; Zwann & Radvansky,
1998).

Causal
The causal dimension of SMs reflects an individuals’ comprehension of causal
information within a text. Relationships can be inferred or openly stated using words such
as because, so, o therefore (Zwann & Radvansky, 1998). For example, Coquin-Viennot
and Moreau (2007) wanted to determine if 3" and 4" grade students used Qualitative
Situation Models (which we will simply call Situational Models or SM) or Problem

Models (PM — formalized representations that include texts, logico-mathematical
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relations and numerical values). To test this hypothesis, they devised word problems, for
cxample:

At the beginning of the year, a farmer had a flock of 22 sheep. By the end of the
summer, the size of the flock had increased by 9, and by the following spring, as a
lot of lambs had been born, the flock totalled 42 sheep. Did the size of the flock
 or decrease during the winter? (scc Appendix, Coquin-Viennot &

,2007)

The PM states information regarding the numerical change in the size of the flock from
22 10 42, while the SM describes the change in the size of the flock using everyday terms,
such as “a lof of lambs had been born”. The problems were cither consistent (PM and
SM matched) or inconsistent (PM and SM did not match). Although Coquin-Viennot and
Moreau (2007) did not mention any of the SM dimensions, their manipulation of the

language in the word problems suggested that they were using a conflict in causality to

make the SM inconsistent with the PM. In the example above, the phrase “as a lof of
lambs had been born™ makes the SM consistent with the PM, as the action of a lot of
lambs being born should cause an increase in the number of sheep. The inconsistent
version of this problem replaces this phrase, “as a lot of lambs had been born” with, “as
the wolf had devoured some of the sheep ”, which provides SM information that would
contradict the PM. In other words, the action of the wolf devouring some of the sheep
should cause the number of sheep to decrease (SM), but this is inconsistent with the
increase in the numbers in the problem (PM).

After presenting these problems, Coquin-Viennot and Moreau asked the children
two questions. The first could be answered using the SM (i.c., was there an increase or

decrease?) while the second required the PM (i.c., by how much?). There were more
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errors on the first question from younger students on the inconsistent problems,
suggesting these students relicd more on the SM. There were also more crrors found in
younger students for the second question; however, the authors did not indicate whether
the crrors made were a result of children using the SM representation (i.c.. the choice of

addition or subtraction was consistent with the SM, but the correct numbers were used) or

number crrors (i.¢., the correct numbers were not used). In other words, it s not clear
whether children were getting questions wrong because they chose the operation based on
the SM rather than the PM, or whether the inconsistent condition confused them to the

point of using the wrong numbers.

Martin and Bassok (2005) wanted to know if students (junior high - college) use

object relations when solving division word problems. This study, though not designed to
represent any one dimension, seems to fit into the causal dimension, as the authors used
symmetrical (categorically related pairing) and asymmetrical (functionally related
pairing) object relations to provide semantic cues in the word problem. Asymmetrical

sets always supported the correct solution and provided background knowledge

supporting the correct size of the compared scts. Take the following example: “Ata

certain university, there are 3,450 students. There are 6 times as many students as

profe: rs are there?. The reader should know that universities.

rs. How many profe

have fewer professors than students, which should help them to know that their answer

should be les

than 3,450, Symmetrical sets, on the other hand, did not support the

correct mathematical solution and did not provide relevant background knowledge about

the relative number of objects in the compared sets. Take the following symmetri
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3,450 nail

. It produces 6 tim

problem: “On a given day, a certain factory product

many nails as screws. How many screws does it produce?” In this problem, there is no

. In other words,

reason to expect nail to be more numerous than serews, or vice-ver
students could have used causal or relational information to help them solve problems

with the asymmetrical sets, but not with the symmetrical scts. Students performed better

on problems that used asymmetrical objects than problems using symmetrical objects.

The object relations ymmetrical objects, provided situational

background knowledge and supported the correct solution [e.g., casy to determine that

there should be more cookies than cookic jars (asymmetrical), harder to determine if

there should be more apples than oranges (symmetrical)].

Stern and Lehmdorfer (1992) used a story with qualitative comparisons

preamble to a word problem; this was used to provide a situational context and not

vay to demonstrate caus subjects design, three

lity in the problem. Using a betwe

types of problems were created, all involving two story characters. The first group
received problems where there were no comparisons between the characters. The second

and third groups, however, received problems that explicitly stated that one character was

superior to the other in various ways (i.¢., older, gets more moncy, better toys, larger

bedroom). In the case of the second group, these problems then described a scenario

where the superior character would receive more of something. For the third group, it

was the inferior character that would end up receiving more of something. The implicit

model of causation being tested was that hecause of this imbalanced relationship, the
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superior character would be more likely to have better/more of the object(s) described in
the word problem.

Children in the 1¥ grade performed better when the story before the word problem
provided some kind of comparative situation than the children who received a story with
no such comparison (Stern & Lehmdorfer, 1992). Yet, there was no performance
difference between the second group (where the superior character received more) and
the third group (where the inferior character received more). In other words, children
performed better with a comparative situational context regardless of whether the story
and the problem were consistent or inconsistent. Perhaps the neutral story is seen as

irrelevant (not providing additional cues) and may be comparable to not being provided a

story atall. It may also be the case that, despite the authors” assumptions, children do not
have an implicit model of causation that implies that a superior character should always
get more.
Motivational
The third dimension is that of motivation/intentionality. These terms are used

interchangeably in the literature, but, for the sake of this paper, this dimension will be

referred to as the motivational dimension. Motivation is a reason for setting and

completing a goal, and information is more casily in memory when it is stated

as a goal. Interestingly, goals that have been achieved are not as accessible as goals that

have not been achieved. This

s because completed goals are converted to long-term
memory while incomplete goals remain in short-term memory (Zwann & Radvansky,

1998).
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Although there has been very little rescarch on word problem understanding and
motivation, one serics of studies scems to investigate the motivation dimension by

manipulating the place in the text where the goal is stated. Thevenot and colleagues

(Thevenot & Oakhill, 2005, 2006; Thevenot ct al., 2007) explored whether placing the
word problem question prior to the word problem information had an cffect on an
individual’s performance. In other words, some students received problems in a morc
standard way (c.g., “John has 39 marbles, Tom has 17 marbles, and Paul has 16 marbles.
How many marbles do John, Tom and Paul have altogether?”) while others received
modified questions that had the inquiry first (c.g., “How many marbles do John, Tom and

Paul have altogether? John has 39 marbles, Tom has 17 marbles, and Paul has 16

marbles™), Thevenot and her colleagues found undergraduate students did have fewer
crrors when the question was asked before the problem was presented (Thevenot &
Oakhill, 2005), and this had more of a facilitatory effect for students with low memory
span (Thevenot & Oakhill, 2006). In another study with fourth grade children (Thevenot
etal., 2007), placing the question before the text resulted in shorter mean self-
presentation times (i.c., children were quicker to advance to the next page when reading
the problem in a series of screens presented on a computer). Furthermore, student
performance was best when the question was placed at the beginning of the text for both

ially for less-skilled children. This series of studies are categorized here in

groups,

the motivation dimension because, by placing the question first, there is an increase on

the emphasis of what needs to be solved (i.c., the goal). This may help students to be

more attentive to the goal of the problem and, therefore, be better able to solve it.
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Aside from these studies looking at asking the question first, the motivational

dimension is greatly underrepresented in the literature on SMs and how they can be of a

benefit in math word problem success. Issues that need to be considered are not only the
motivation of the individual attempting the problem but the motivational aspect of the
protagonist within the story problem.

Temporal

The fourth dimension is temporal order, as it is necessary for the reader to know

when events have taken place both in relation to each other and to the time at which they

were narrated (Zwann & Radvansky, 1998). Reusser (1989) claims one of the ways in
which situational comprehension is obtained via the problem text is through temporal and
functional analysis by scarching for the initial and resulting state.

In one of the few studies to explicitly target one of the SM dimensions, Vincente
ctal. (2008) wanted to determine whether extra-situational information was uscful for
problem solving when the difficulty of the task had not only a mathematical but also a
situational source. To examine this question, they used a temporal manipulation in word
problems attempted by 3", 4", and 5™ graders. First, problems varied in situational

difficulty between casy and hard. Situation difficulty was casy if a natural order of cvents

was described the way they would happen in real life, for example:

Two days ago Peter had 37 meters of cable. Yesterday Peter bought 100 more
meters of cable than those he already had. Afier buving 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. How many meters of
cable has Peter used? (sce Appendix, Vincente et al., 2008).
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The situation difficulty level was considered hard if the information in the initial moment
was provided at the end of the problem text, for example:

Yesterday Peter bought 100 more meters of cable than those he already had. Affer
buying 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 o
cable left. Two days ago Peter had 37 meters of cable. How many meters of cable
has Peter used? (scc Appendix, Vincente et al., 2008).

Second, problems cither contained or did not contain extra information highlighting
temporal structure in the situational context (shown in the above examples with italics).

h moment in the temporal sequence

“This consisted of emphasizing the position of ez

(i.c.,initial state, first change, second change, and final state), by including phrases

indicating sequential actions (e.g."afier buying those meters of cable he began a

renovation™). Interestingly, the results not only indicated that there was no effect of

situational difficulty, but also that extra situational information did not provide any

additional support for students and even hindered the ability of low achievers®
performance (Vincente et al., 2008). Although this is only one study, it suggests the
possibility that the temporal dimension may not facilitate the solving of math word
problems.

Spatial

Spatial location is the fifth and final dimension in SMs. In general, spatial

characteristics have been related to recall in text comprehension tasks. Objects in a story
that are spatially closer to each other or to the protagonist are more casily remembered

when an individual is asked to recall the story (Rinck & Bower, 2000; Zwann &

Radvansky, 1998). Spatial location can be difficult to explain in text because two objects
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can be close in space, but their descriptions can be far apart in the text (and vice-versa).
Yet, it is the spatial closeness rather than the closeness of the object descriptions in the
text that predicts how well objects are remembered together (Zwann & Radvansky,

1998).

Coquin-Viennot and Moreau (2003), investigating one particular use of the spatial
dimension, wanted to explore if using a structuring word would facilitate a factorization
strategy for solving word problems. Using a structuring concept, the authors created a
spatial dimension by bringing objects spatially closer together. For example, a structuring
word such as houguet was used to group flowers together in a word problem (i.c., “For a
prize-giving, for cach of the 14 candidates, the florist prepares a bouquet made up of §
roses and 7 tulips. How many flowers does the florist use in total?”) This was compared
to a question that did not have the structuring word (i.c., the same problem without the
word “bouquet”). If the factorization strategy were used, then children would solve this
problem using the formula “14(5 + 7)". That is, they would group the flowers in the
bouguet together first (i.c. 5+ 7 = 12) before multiplying by 14. 1f not, children might
use a distributive strategy, which involves multiplying cach of the groups of flowers by

14 and then adding them [i.c., (14 x 5) + (14 x 7)]. Results demonstrated that the

presence of a structuring word did clicit a factorizing strategy, and this effect was
stronger for 3™ graders than for 3" graders. Using a factorization strategy supersedes the

use of a distributive strategy in the way of reducing the amount of work to complete the

problem as well as limiting the opportunities for creating mathematical errors. It appears
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that information that emphasizes the spatial grouping of objects can affect the approach
taken to solve a math word problem.

Mattarella-Micke and Beilock (2010) studied the effect of spatial information in
relation to the protagonist. This effect, however, was investigated indirectly by testing
whether or not spatial closeness can cause more interference in problem solving, using
Siegler’s Distribution of Associations Model (DOA) (1998, as cited in Mattarella-Micke
& Beilock, 2010). According to the DOA, effectiveness of retrieval depends on the
associative strength of the correct answer, relative to the incorrect answer. So, when

someonc is asked a word problem that s solved by the equation 3 x 2”, then the number

6 should be highly activated. If, however, the number 5™ is highlighted somewhere clse

iin the problem, this may cause interference, because § is also highly associated with the

numbers 3 and 2 (i.c., because 3 +2 = 5) and may be almost as highly activated as

Mattarella-Micke and Beilock tested whether this interference would be evident in word

problems and whether or not this interference would be different if the interfering number

(i.c.. the *5” in the above example) was spatially associated with the protagonist or

spatially disassociated with the protagonist. A sample of 38 undergraduate students were
given 72 word problems from a computer program; half were multiplication while the
other half were filler division problems. Problems were divided into numerical high/low
interference types, and also divided into spatially associated/dissociated types. In the high
interference condition, the number was highly interfering with the addition answer (i.c., 5

for 3 x 2 =6). In the low interference condition, the number was not interfering

randomly selected from non-interfering numbers between 4 and 18. The
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factor varicd by changing a few words in the problem to foreground cither a spatial
association of the object with the protagonist (i.c., picked up, or carried) or a spatial
dissociation of the object from the protagonist (i.c., put down, or left behind).

The results showed an interference by association interaction. Performance for the
high interference number problems were worse than the low interference problems in the

ative condition.

associative condition, while significance was not reached for the dissoc
“This means that students’ performance was only affected by the numerical content of a

ociated with

{if the interfering number of objects was

particular number s ly

the protagonist. More specifically, the number 5™ provided interference in a 3 x 2 word

problem only when that number was spatially associated with the protagonist, and not

when it was spatially disassociated. Mattarella-Micke and Beilock also found that the

extent of this interference was related to working memory.

Spatial information in the literature on general text comprehension has been the
most studied dimension and considered to be the most closely associated with
constructing a SM (Zwann & Radvansky, 1998). Unfortunately, this does not hold true
for the literature in math word problem comprehension. There is definitely a need to

expand on the rescarch in this area to determine how spatial information can be used in

word problems to help construct SMs that will allow individuals to clearly comprehend

the problem fext.

e Current Study
As the research summarized above demonstrates, SMs have been applicd

fruitfully to the study of word problem understanding. Throughout the literature, results,
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have indicated those students considered to be successful problem solvers were much
better at formulating/representing a SM (Dark & Benbow, 1990; Kaizer & Shore, 1995;

Thevenot & Oakhil

006; Thevenot et al., 2007; Vincente et al., 2008). At the same
time, the above research has used SMs in a general sense and has rarely specifically

examined the roles of the five dimensions of SMs. If SMs arc to explain how children

solve math word problems, then the role of these dimensions should be investigated.
The study described below aims to fill this gap by examining the role of two of

these dimensions in grade 3 and grade S children. First, the study considered whether

motivational information would make word problems casicr to solve. The motivational

dimension was chosen because there is a particular lack of research in the area of math

word problem performance that could be classified under this particular dimension.

Furthermore, the studies that can be i (Thevenot & coll;

2005, 2006, 2007) do not consider the motivational aspects of the protagonist within the
story problem. Students were presented with some problems in which the protagonist is
described as motivated to find the answer and some problems that are missing this
motivational information.

Sccond, the study investigated whether performance would improve on spatially
dissociated questions, and if the spatial association of interfering information could affect
the effectiveness of interference. Modeled after the study by Mattarella-Micke and
Beilock (2010), who demonstrated this effect in adults, the spatial dimension was
examined by giving children problems that include extrancous numbers that may

interfere with the solution of the problem. In some of these problems, the interfering
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information were spatially associated with the protagonist, while in the other problems,

the interfering i ion was spatially disassociated from the As noted
above, Mattarella-Micke and Beilock have found interesting results in an adult
population. The current study investigated whether a similar effect can be found in
children.

Furthermore, given the multitude of rescarch that has found differences in
performance based on an individual’s level of skill in the construction of situation models
(Dark & Benbow, 1990; Hegarty et al., 1995; Kaizer & Shore, 1995; Moreau & Coquin-

Viennot, 2003; Thevenot & Oakhill, 2006; Thevenot et al., 2007; Vincente et al., 2008),

students w sed on their general word problem solving ability as well as their
general cognitive ability to explore whether these abilities interact with the influence of

these SM dimensions. The inclusion of these measures will make it possible to test

whether the effect of SMs might vary according to ability level (e.g., less-able children

rsa).

may be more helped by SM information than more-able children, or vic
Finally, this study also considered gender differences. Despite the stercotype of

boys doing better in math, overall gender differences in math are (for the most part) non-

existent in the general population (Ben-Zeev et al., 2005; Brannon, 2011: Delgado &

Pricto, 2004; Hyde, Fennema, & Lamon, 1990). When math word problems are

nces do appear. Despite girls getting better

specifically examined, however, gender diffcs
grades in math courses at all grade levels (Bymes, 2005), boys are consistently found to
perform better than girls on math word problems in studics of both children (Delgado &

Pricto, 2005; Geary, 1996; Lummis & Stevenson, 1990; Marshall & Smith, 1987;
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Stevenson et al., 1990) and adults (Hyde et al., 1990; Johnson, 1984). For this reason, the
current study will examine possible gender differences in the effect of the spatial and
motivational dimensions on word problem performance.
Method
Participants
A total of 47 grade 3 (26 boys and 21 girls) and 58 grade 5 (32 boys and 26 girls)

students were recruited from five elementary schools in St. John's, Newfoundland.

‘Twenty-one children were dropped from the analyses for various reasons [c.g., language
barriers (2), learning difficultics (1), reading difficulty (1), procedural error (12), and
other (5)]. Procedural crrors were duc to booklet copy errors where cither a combination
of motivational problem sets were missing, questions had been doubled up, or questions
were missing (sce Materials and Procedure for details). The final sample contained 40

grade 3 (21 boys and 19 girls, mean age = 8.62, SD = .426) and 44 grade S students (20

boys and 24 girls, mean age = 10.75, SD = .283). Because the existing word problem
literature has most often studied Grade 3 and 5 students (c.g., Coquin-Viennot & Morcau,
2003, 2007; Davis-Dorsey et al., 1991; Moreau & Coquin-Viennot, 2003; Vincente ctal.,
2008), the current study aimed to use the same grade levels.

Materials

Raven’s Standard Progressive Matrices (Raven, Raven, & Court, 1998). The

Raven’s Matrices is a standardized non-verbal, multiple-choice reasoning task used to
assess problem solving ability, general intelligence and cognitive ability. Raven and

colleagues report a split-half internal consistency modal valuc of 91. It s designed to be
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useful for persons of all ages. The measure is made up of 60 problems — five serics of 12

ing, which the test taker must

problems cach — of diagrammatic puzzles with a part mis

find among the options provided. The problems begin as nearly obvious and increase in

difficulty. Participants reccived a smaller selection (28 items) chosen based on age norms

deemed appropriate for grade 3 and 5 children. Age norms for this measure range from

children five and a half years-of-age to adults 85 year-of-age, which makes it
for the children sampled in this study (Raven, Raven, & Court, 1998).
General Math Word Problems. Word problems consisted of the four basic

perations (¢.g., addition, i ion, and division), and were taken and

modified from Math Makes Sense 2 and 3 (Ball et al., 2008; Appel et al., 2009), and

Small, Tam Tseng, & Tossell, 2008; Brydon et al.,

Mathfocus 4, 5, and 6 (Hope, Klassen,
2008; Canavan-McGrath et al., 2010). These are the approved textbooks for the relevant
grades for the provincial curriculum. Word problems were chosen to reflect varying
operations and difficulty levels to cnsure that all students could answer some of the
problems while avoiding ceiling effects. This measure was used to provide an asscssment

2

of cach child’s skill level regarding general math word problems. It also served as

proxy for reading ability, at least in the specific context of solving math word problems

(sce Appendix A for sample items).

Spatial Math Word Problems (Mattarella-Micke & Beilock, 2010). Spatial

word problems consisted of interfering information being associated or dissociated with

the protagonist. These word problems were taken and modified from Mattarella-Micke

and Beilock (2010). All of the word problems were multiplication and were necessary if
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an interference effect was going to be found by including interfering addend numerical
information. There were six spatial word problems, cach having two versions; one
version indicated an association of an object to the protagonist, while the other version
was the same question modified slightly to include a dissociation of an object from the
protagonist.

High interference in the s condition was

stablished by having the numeral
in the introductory sentence of the word problem be equal to the addition solution to the
multiplication math fact (i.c., 7, for 3 x 4). For low interference problems, the numeral in
the introductory sentence was a randomly selected non-interfering number from 4 to 18.

‘The association factor varied by changing one to three words in a sentence, cither

associating or dissoc

ating an object with the protagonist (see Appendix B for sample
items). For example, consider the problem of Earl. Earl, we are told, has to figure out

ats ar

how many s vailable in the library, but also has to deal with some a:

ignments.

“The spatially dissociated version of this problem reads.

“Earl dropped off 9 assignments

he had just finished and left for the library.” The spatially associated version, however,

reads, “Earl picked up 9 assignments he had just finished and left for the library.” Apart
from these small wording changes, the spatially associated and the spatially dissociated
versions of these word problems were identical.

Motivational Math Word Problems. Motivational word problems were those
using varying phrases indicating a desire for the protagonist to know the solution to the

problem or neutral statements indicating no desire for a solution to the problem. Six

motivational word problems were used, cach problem having two versions; one version
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included the motivational phrase, while the other version replaced the motivational
phrase with a neutral phrase of equal word length. The motivational factor varied by
changing a statement in the word problem; the motivational condition included a
statement indicating success being significant to the protagonist, while the neutral
condition had a statement of the same word length with no indication of desire to
succeed.

As with the spatial problems, cach motivational problem also began with a couple

of sentences. The first sentence introduced the scenario, (i.¢., “Joe has just moved to a

new school and it is his birthday this weekend.”). The next sentence included cither a

motivational statement (i.e., “Joe is going to invite everyone from his new class, but he

also wants to invite friends from his old school.”), or a neutral statement (i.c., “Joe is

ing out all the

going to invite everyone from his new class, and he will be p
invitations by hand.”).
Because the spatial questions were all multiplication problems, the motivation

questions were be designed to include the other three operations (i.c.. addition,

subtraction, and division). This would prevent students from mechanistically thinking

that all of these questions should be solved by multiplication (see Appendix C for sample
motivational items).
Procedure

Data collection was done in a group setting and was divided into two separate

phases. At both visits, instructions were read aloud to students. During the first phasc,

students completed the Raven’s Matrices task (Raven et al., 2000) and the general math
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word problems assessment. The experimenter conducted two practice problems from the
Raven’s Matrices task with the class, students then had 25 minutes to complete the task.
Upon the second visit students completed the spatial and motivational word problem
booklets. Students were instructed to provide an cquation as well as a numerical solution
on provided media; there were three designated spaces, one for showing their work,
another for the numerical equation, and a final separate space for the numerical answer.
Students were told to answer all problems to the best of their abilities, that they were not
required to show their work, but that it may be useful for them to do so. Students were
told they could draw pictures, use tally bars, or any other type of strategy that helped
them to solve the problem. Once the instructions were understood and pending questions
answered, students began the task, if students had questions during the task they were

able to ask for help. If students required help, they were first asked what specifically they

needed help with. If the student did not understand the problem they were asked to re-
read the text and focus on what the question was asking, then take the information from
the text that they felt was necessary to answer the problem. If students required help with

reading the text they were given assistance, however, the experimenter did not read the

problem to the student, the experimenter helped with sounding out words. At no point
was the student given any indication as to whether their answer was correct or incorrect.
When an answer was achicved, the student was told they had done a good job and to
move onto the next problem. In some instances students were given examples of much

casier problems, the experimenter then asked the student how they got to the answer, then
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told them to apply the same strategy to the current problem. This procedure was adopted
to simulate normal classroom support, without giving them the answer.

Both the six spatial problems and the six motivation problems were divided into

two groups of three problems, with cach group designed to be equivalent in difficulty.

The two groups of spatial problems were called S1 and 2, while the two groups of

motivational problems were called M1 and M2. Furthermore, each of the problem s

existed in two versions depending on which version of the problems were used. For

example, S1-A indicates the ST group of problems in thei

and S1-D is the same problems in their spatially disassociated versions. Likewise, M2-M

indicated the motivated versions of the M2 problem set, while M2-N were the same
problems in their neutral version.

Each participant completed 12 problems, but the composition of these problems
varied. There were four sets of three problems (i.c., S1, S2, M1 and M2) and each of
these problem sets could be one of two-dimensional orientations (¢.g., S1 could be cither
S1-A or S1-D; M1 could be M1-M or M1-N). Given these parameters, there are four
possible combinations designed so that students complete one problem set from cach of
sibilit atial questions, one problem set of associated

the dimensional pos . For the

ociated problems were included. The same

problems and one problem set of d

process occurred for the motivational problems, one problem set of motivational
problems and one problem set of neutral problems. The four different combinations are

described in Table 1. For cach of these combinations, the order of the questions was also

ried. Using a Latin Square, the problem scts with each combination were put into four
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different orders. Within cach problem set, there were six different orders, again
gencrated using a Latin Square. The result of these two Latin Squares was a total of 24
different orders for cach of the combinations listed in Table 1. Therefore, in total, there
were 96 different possible question booklets.

Table |

Problem Set Combinations.

Spatial Motivational
Combinations -
1 SIA $2-D MI-M M2-N
V) SI-D $2-A MI-M M2-N
3 SI-A s2-D MI-N M2-N
4 S1-D S2-A MI-N M2-M

Note. Spatial versions; (A) — Associated, (D) - D
fonal versions; (M) ~ Motivational, (N) - Neutral

An unanticipated problem was encountered with the differing versions of spatial

and motivational word problem bookl

Although 96 booklet versions were created, not

all booklet versions were used. In the current study all varying combinations from the

first two problem set combinations were used (see Table 1), but not those from the third

and fourth problem set ions. C the motivational questions were not

seen in all of their possible formats; specifically, the first motivational question set was
never encountered in its neutral format and the second motivational question set was not

seen in its motivational format. In the current study only one version of motivational and
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neutral questions were used per problem set. In light of this procedural error, caution
must be taken when drawing conclusions regarding the motivational word problem data.
‘There is no way to determine if the differences found in the current study reflect the
manipulated portions of the problem, or if they arc due to differing difficulty levels of the
two problem sets.
Coding

‘Three picces of information from the word problem booklets were coded: answer,
number sentence/cquation, and cvidence of using a pattern in the area for showing their
work. Answers were coded as cither correct o incorrect. Number sentence/equation

refers to the same area on the problem sheet, however the terminology varied depending

on the grade level; number sentence is the terminology used in grade 3 and equation is
the terminology used in grade 5. Patterning was another means that children could use to
solve the problem at hand. For example, a student may draw 4 dogs cach having 3 spots;
the student would then count the number of spots to solve the problem, however,

they may not have been able to provide an equation for the problem. Both the number

sentence/equation and the patterning information were coded as 0 — incorrect, |

improperly exceuted, and 2 - correct. The coding for “improperly exceuted” referred to
any response that appeared to be correct, however the student used the wrong portion of
the equation to answer the problem. For example, in the following word problem,

“Brianna’s CD player uses 2 batteries. She has a pack of 8 batteries. How many times can

Brianna change the batteries?” an example of an equation provided for this problem is 8-

2:22-2=0. The equation presented is correct, however the answer was provided as 0,



SITUATION DIMENSIONS 29

instead of 4, this was considered to be an improperly exceuted response. Answers were

for

coded as 0 — incorrect and 2 — correct (see Table 2 for the frequency of response types
both spatial and motivational questions). The coding, improperly exceuted, was rare
cnough that it was not used in analyses and was instead counted as incorrect; only

The end result is that, for cach

incorrect and correct coding was used in our analys
problem, children had a separate score indicating if they had the correct response, used a
valid equation to solve the problem, and/or used a valid pattern to solve the problem.

correct or incorrect (missing answers were

Although all problems were coded

considered incorrect), equation and pattern were only coded if there was an equation or a
patterning attempt present. For this reason, it was possible on any given problem to have
both an cquation and a patterning code, one of these codes, or neither of them.

Results

1 were analyzed using ANOVAS to compare students” performance (for both

answers, and formula/pattern use) on the different SM dimensions (i.c.. comparing a
student’s performance on spatially associated word problems to their performance on

spatially dissociated problems). Because cach student completed problems of cach

dimensional type, the SM dimensions included in the analyses were within-subjects

factors, and the spatial and

ctors. Gender and grade were entered as between-subjec

motivation dimensions were cach t

d in scparate analyses. Furthermore, interactions
between ability and the spatial and motivational dimensions were tested in separate

analyses by including the Raven’s Matrice:

and general word problem test as covariates,
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Table 2.
Frequency of response types for formula, pattern, and answers in spatial and

motivational questions for grade 3 (n = 40) and 5 students (n = 44).

Incorrect  Improperly Correct  Incorrect  Improperly  Correct

Executed Executed
Grade 3
Formula 32 4 71 37 1 75
Pattern 1] 6 32 5 5 39
Answer 49 71 46 74
Grade 5
Formula 10 0 105 3 1 112
Pattern 0 8 29 i} 5 34
Answer 18 114 20 112
Neutral
Incorrect  Improperly Correct  Incorrect  Improperly Correct
Exccuted Exceuted
Grade 3
Formula 24 7 72 29 0 79
Pattern 4 1 17 4 1 27
Answer 2 78 43 77
Grade 5 S o .
Formula 12 1 92 7 3 100
Pattern 0 5 17 2 2 25

Answer 27 105 34 98
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‘The aim of these additional analyses was to determine if having supplementary situation

material (i.c., spatially associating an object to the ist, or providing "
information to solve the problem) affected students differently based on their general
problem solving abilitics.

Considering the spatial dimension first, a 2 (Grade) x 2 (Gender) x 2 (Spatial
Dimension) between-within ANOVA found a main effect for Grade (Grade S

outperformed Grade 3s, see Figure 1), but also found a three-way interaction

F(1,80) = 7.871, p = 006, n* = .090. Upon further inspection, by Grade, it was

determined that the three-way interaction was attributed to the Grade 5 students (Figure
2). Although the mean differences between the spatially associated and spatially

dissociated questions (M = 2.650 and M = 2.250, respectively) for the boys were fairly

large, a test of simple main effects determined them to be just outside the range of
significance (19) = 1.798, p = .08. Breaking down this interaction in another way —
comparing the Grade 5 boys and girls on the spatial questions — it was found that girls
were performing better than the boys on the spatially dissociated questions, but not the
spatially associated questions, (1, 42) = 5.67, p = .02.

When the Raven’s Matrices total score was used in the analysis as a covariate, the
three-way interaction remained, / (1, 78) = 6.527, p = .013. A similar three-way
interaction was found when using the general word problem total score as a covariate, £
(1,70) = 6.588, p = .012. The interpretation of both of these ANCOVAs paralleled that
of the main analysis — Grade 5 girls outperformed boys on the spatially dissociated

questions, but no other differences are significant.
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To focus on the motivational word problems, a 2 (Grade) x 2 (Gender) x 2
(Motivational Dimension) repeated measures ANOVA found no effect in performance on

the motivational questions when compared to their neutral counterparts for both Grade 3

and S student 1,82) = 1.598, p = .21, 0" = .019 (see Figure 3). There was, however, a

Gender x Motivational Dimension interaction £ (1, 80) = 4.342, p = 04,1’ = .051
(Figure 4). A test of simple main effects revealed the boys did worse on the neutral

.2195) in comparison to the motivational problems (M = 1.9268), #(40) =

problems (M

2.395, p =021, while girls did not show such a decrease in performance.
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Figure 3. Mean performance on motivational questions by grade. Error bars represent

standard error
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Figure 4. Mean performance on motivational questions by gender. Error bars represent

standard error, * p < .05

Using the Raven’s Matrices total score as a covariate resulted in a comparable
Gender x Motivational Dimension interaction £ (1, 78) = 4.692, p = .033. Similarly,
including the general word problem measure total score as a covariate also produced a
Gender x Motivational Dimension interaction F (1, 79) = 4.418, p = .039. Both of these
ANCOVAs resulted in the same pattern of results as the first analysis.

‘The previous analyses examined children’s ability to answer word problems
correctly. These problems, however, were not only coded as correct or incorrect, but they
were also coded on whether or not a correct formula was used and/or whether a correct
pattern was used to solve the problem. With this information, it is possible to consider if

the motivational or spatial dimension had any effects on the use of formula or patterns,
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regardless of whether the problem was answered correetly. To include as many people as

possible in the analysis, the data concerning formula use and pattern use were combined.
Every problem was coded as cither using a correct formula and/or pattern or not doing so.
Used as the dependent variable, analyses that paralleled those detailed above were
conducted to test if the spatial or motivational dimension affected the correct use of
formulas of patterns.

In regards to the spatial dimension and the use of patterning and formulas, a 2
(Grade) x 2 (Gender) x 2 (Spatial Dimension) repeated measures ANOVA was used. This
analysis did not find any effects, nor were there any effects when the Raven’s Matrices
were included as a covariate. When the general word problem measure was used as a
covariate, however, there were significant differences in performance between the grades
F(1,64)=5.315, p = 024 (sce Figure 5). When controlling for general word problem
ability, Grade 5 children performed betier than Grade 3 children, indicating that using

patterning and formulas for the spatial word problems were differentially affected by

prior ability to solve gencral word problems. Grade 5 students may have been performing
better as a result of having more exposure to solving textbook style word problems in

This experience may have led them to use equations

comparison to the Grade 3 students.

and patterning more when trying to solve word problems.
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Using the same analysis
use, there were no effects for the first analysis, and no effects when the Raven’s Matrices
was included as a covariate. When the general word problem measure was included as a
covariate, there was no effect for the motivation factor, but a Gender x Grade between

subjects interaction was found, £ (1, 49) = 4.697, p = .035. Grade 3 boys used more

correct formulas or patterns than Grade 3 girls on the motivational questions (M

and M= 1.884, respectively), but only when controlling for general word problem ability.
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In motivational dimension, the word problems consisted of three types of

: addition, and Although this was not a goal of this
study, an exploratory analysis was conducted to see if the effects of the motivation
dimension varied across operation. A 2 (Type of Motivation) x 3 (Operation) repeated
measures ANOVA with Grade as a between subjects factor revealed a three-way

interaction, (2, 160) = 6.162, p = 003, 0° =.072. Further analys

owed the

interaction as being attributed to the Grade 5 students, while a test of simple main effects
determined a significant difference in performance on the type of motivational questions
in the addition and division problems [#(41) = 4.109, p < .001 and #(41) = 3.814, p < .001
respectively], but not in the subtraction problems. Grade § students performance was
better on the motivational addition problems and the neutral division problems. It should
be noted, however, that cach cell in this analysis only contained one question (c.g., there
was only one question that was a motivation on addition question), so these results may
be due to the vagaries of the particular questions involved rather than the operation.

The final question to be answered pertained to the level of interference

experienced by students. This was measured by counting the number of wrong answers

for the spatial questions that were answered with the interfering addition fact (e.g., when

the solution to a problem was found by 3 x 2 = 6, how many times did children answer 3
+2=157). A total of 13 wrong answers had the interference response listed as the answer,
and these errors were made by 8 students, all of whom were Grade 3’s. The 13
interference responses were split between eight interference responses to the spatially

associated questions and five interference responses to the spatially dissociated questions.
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A binomial test revealed no significant difference in the probability of responding with

the interfering numerical information to the spatially associated and dissociated word

problems (p = 291).

ussion

The data reported above do support the primary hypothesis. Minor word changes
in math word problems designed to reflect the spatial and motivational dimensions of

SMs did

children’s performance, although this change in performance depended on
both grade level and gender. Differing performance based on grade level was scen for the
spatial problems but not the motivational problems. Gender differences were seen in both
spatial and motivational problems

Altering the spatial association of an object to a protagonist in a math word
problem did affect students” performance. The results, however, did not suggest that
including spatially dissociating information enhanced students’ overall performance in
comparison to the spatially associated information, as would be expected based on

nees to

Mattarella-Micke and Beilock’s (2010) findings. Nonetheless, there were dif
be found. Grade 5 girls were performing better on the spatially dissociated questions in
comparison to the Grade 5 boys. As Mattarella-Micke and Beilock did not find any
differences in the way males and females performed in their associated and dissociated
versions of the spatial word problems, conclusions on the differences found in this.
sample cannot be easily explained by previous findings. Interestingly, the Grade S boys
appear to have performed better on the spatially associated questions in comparison to

their spatially dissociated questions, which would be an effect in the opposite direction
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than predicted. This difference, however, was just outside of significance, so the prudent
course would be to presume that Grade 5 boys did not differ in their performance
between the spatially associated and dissociated questions.

1f, however, we were to assume that there was a difference between Grade S boys
on these questions, there is one possible explanation that could explain both this effect

sociated

and the difference between the Grade S boys and girls on the spatially di
questions. Zwann and Radvansky (1998) have suggested that incomplete goals arc
maintained in short-term memory, and that once a goal has been complete there may be

no need to keep that information stored. The spatially associated questions place an

object with the protagonist, but this information is irrelevant to the problem and is not
referenced again. For example, when “Debbic picked up 7 chew toys and went to the dog
kennel” (sce Appendix B for word problem), the reader never knows what happened to
the chew toys that Debbie picked up. This incomplete action is arguably similar to an
incomplete goal. In the dissociated version of the problem, however, the object is
removed from the protagonist: “Debbic put away 7 chew toys and went to the dog.
kennel.” In this version of the word problem, the reader would likely not expect hear
more about the chew toys that Debbie has put away, because the action is thought to be

complete. In other words, even though these problems were meant to manipulate the

spatial dimensions, perhaps they inad 1 the motivational d
instead by providing some problems with incomplete goals that were more motivating to
solve (i.c., the spatially associated questions) and other problems with complete goals

that were less motivating to solve (i.c., the spatially disassociated questions). As such,
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Grade 5 boys in this sample, may be trending towards a statistical advantage in the

spatially associated versions because the protagonis

s not doing anything with the
associated object, ergo, an incomplete goal is described. The boys may have been giving
the question more thought because of the information about the chew toy staying in their
short-term memory, and this resulted in more correct answers in the associated versions,

of the spatial questions

Although the motivational difference may explain this effect for the Grade 5 boys,
it docs not explain, by itself, why there was no effect for the Grade 5 girls or for any of
the Grade 3s. One possibility, however, is that Grade § gitls do not require the extra
motivation factor to do well on a problem. If we speculate the motivational manipulation
described does not provide any more motivation than the girls already feel for the
problem (but that it does provide boys with more motivation), then this would also
explain why the Grade 5 girls outperformed the Grade 5 boys on the disassociated
problems. With the associated problems, boys have extra motivation, so they perform

jus

as well as the girls. With the disassociated problems, however, that extra motivation
is not present, which decreases the Grade 5 boys” performance, but not that of the Grade

5 girls. As for the Grade

. it may be that they are not yet old enough to be sensitive to
the motivational information in these problems.

“Turning to the questions that were actually designed to manipulate the
motivational dimension, performance was affected differently by gender. In this case
boys performed better on the motivational questions in comparison to the neutral

questions. This result supports the second hypothesis, but only for the boys; that
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performance would increase on motivational questions. On further inspection, however,

boys are not outperforming girls when they have motivational information. Looking

ack at Figure 4, boys and girls have a similar performance on the motivationally worded
questions. The differences lic in the neutral word problems, as the boys were performing
much worse on the neutral problems in comparison to the girls. It may be that the
motivational information equally helped both the boys and girls; however, without it

(¢.g., in the neutral versions) the boys” performance was hindered, suggesting the bo

most benefitted from the motivational information. The girls, as was speculated above for
the spatial questions, may not have needed the extra motivational information as they
performed equally well on both the motivational and neutral problems. It remains unclear
as to why this difference is seen in the genders; perhaps the girls maintain a level of

motivation for solving the problem that the boys lack when the motivational information

iis not salient. The motivational dimension questions were comprised of three types of
arithmetic operations. Gieary (1994) suggests that children’s performance differs
depending on arithmetic operations primarily because of the order they learn these
operations in formal education, their exposure, and experience performing them. The
results of performance on the different arithmetic operations used in current study were
puzzling and did not comply with Geary's take on children’s performance of differing,
arithmetic operations. As previously mentioned, there were procedural errors within the
motivational word problem sets (see Materials), because of this, the difference in

performance of the various arithmetic operations could reflect of the word problen itself
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(¢.g., one sct of the division problems were only scen in their motivational forms) and not

the operation used to solve the problem.

The gender differences found in the current study are only slightly supported by

ences in math. The Grade 5 girls performing better

the existing literature on gender di
than the boys on the spatially dissociated version of the word problems is not what would
be expected, given that boys in this age group tend to perform better than girls on word
problems (Delgado & Pricto, 2005; Geary, 1996; Lummis & Stevenson, 1990; Marshall
& Smith, 1987; Stevenson et al., 1990). The boys did have an increased performance in
the motivational questions, but only in comparison to their neutral counterparts and not in
comparison to the girls” performance. Further investigation of these gender differences
are warranted; perhaps further enhancing the motivational features — placing the
motivational statement prior to the problem text (c.g., Thevenot et al., 2007) — may result
in girls performing better on the motivational problems in comparison to the neutral
problems.

The Grade 5 students performed better than the Grade 3 students on both types of

ences are to be

spatial questions (associated and dissociated). These grade di
anticipated, based on both previous literature (Coquin-Viennot & Moreau, 2003, 2007;

t that Grade 5 students arc further along in their

Davis-Dorsey etal., 1991) and the

education and would be expected to perform better than younger students. This difference
would certainly be evident if the word problems were the exact same, but the word

problems were not the exact same in the current study. Both the spatial and motivational

he numbers

word problems were different only in terms of the size of the numbers used



SITUATION DIMENSIONS 43
were designed to be challenging for cach grade; however, creating numbers that were
equivalent in difficulty level for both grades cannot be assured. In light of this, grade
differences could be due to cither problems being too difficult for the Grade 3 students,

too casy for the Grade 5 students, or both.

It s, however, interesting that grade differences were only found for the spatial

word problems and not for the motivational word problems. This suggests that the grade
difference may not only be related to the size of the numbers used, but may be due to the
nature of the spatial and motivational problems. The spatial questions were adapted from
Mattarella-Micke and Beilock (2010); all of their spatial questions were designed to be
multiplication problems with additional irrelevant numerical information. As Grade 5

students are more familiar with multiplication problems and arc taught strategies for

identifying extrancous information, they may have performed better on the spatial

questions due to prior exposure during their i ience. In the

questions, the lack of performance differences supports the prior argument regarding the
nature of the problems. The motivational problems did not have any multiplication and
consisted of only addition, subtraction, and division. There were more opportunitics in

the motivational problem sets for the Grade 3 students to answer correctly as a result of

their comfort with those types of *casier” mathematical operations. Davis-Dorsey et al.
(1991) have attributed grade differences in their study to older students having better-

developed schemata of textbook word problems. This may also explain grade differences

found in the current study.
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The current study used the Raven’s Progressive Matrices task (Raven et al., 2000)
(as a proxy for 1Q) and a measure of general word problem ability as a means to examine
differences in performance on the spatial and motivational word problems based on prior
ability. There have been studies examining differences in performance on math word
problems based on variables such as math skills (Thevenot et al., 2007), level of
achievement (Vincente ct al., 2008), and problem solving ability (Coquin-Viennot &
Moreau, 2003; Hegarty et al., 1995) in both young children and young adults

(undergraduate students). In all these cases, the authors found performance in math word

problem tasks varied depending on the abovementioned factors and that children with
lower math abilities performed better on SM problems than would be expected based on
their general ability. Those students with higher levels of math skill, achicvement, and
problem solving ability also performed better on the word problems, but the improvement
was greater for lower-ability students. In the current study it was hypothesized that
students with lower abilities may have benefited from the additional information in the
spatial and motivational problems. That was not the casc; in this sample, level of
performance on word problems targeting the spatial and motivational dimensions of SMs
did not vary by general ability. Including motivational information did not help the
students with lower general abilities any more than it helped those with higher general
abilitic:

nor did providing spatial cues in the spatial dimension.

When used as a covariate, the general word problem measure did demonstrate
interesting differences in correct formula and pattern use. Grade S students were using

more correct formulas and/or patterns than the Grade 3 students on the spatial problems
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when general word problem ability was covaried out of the relation. As with the grade
cffect in correct answers on the spatial problems, this difference may be explained by the
additional experience of Grade S students in working with multiplication. Similar results

have been found in terms of formula formation among the grades; Coquin-Viennot and

Moreau (2003) found that older students were more likely to use a factorizing strategy to
solve the word problems with a structuring term. In the case of the motivation problems,
Grade 3 boys also had more correct formula/pattern use than the Grade 3 girls. Although
previous studics have found gender differences in word problems (Delgado & Pricto,

2005; Geary, 1996; Lummis & Stevenson, 1990; Marshall & Smith, 1987; Stevenson ct

al., 1990), the gender differences found in these studies do not address prior word
problem ability and cannot account for how general ability may interact with word
problem performance differences.

The final question this study aimed to address was if children would expericnce

al information was

interfer

nee in spatial word problems when highly interfering numeri
introduced on a pencil and paper task. OF the students who reported the numerical answer
to the word problem as the interfering numerical information (which was a very small
number), they did so more often on the spatially associated problems. There were a small
number of students (all Grade 3) who actually displayed interference. According to the
DOA model (see Mattralle-Micke & Beilock, 2010) the effectiveness of retrieval depends
on the associative strength of the correct answer. In the case of the Grade 3 students the
interfering numerical information is more likely to hold increased associative strength

with the problem because they are more familiar with common addition equations (i.c., 7,
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for 3 x 4). The DOA model can also explain this lack of an interference response in the

Grade 5 student

. Grade 5 students have become more familiar with common
multiplication equations and therefore would not hold the associative strength of the
addend as the Grade 3 students would. Nevertheless, it should be kept in mind that there
actually was very little interference evident in the responses of these Grade 3 and 5
children. It is just that the small amount of interference that was present was found
exclusively within the sample of Grade 3 children.

There are limitations to the current study. One is a lack of measure for bascline
reading ability of the students in the sample. This is problematic as story problems are
harder to solve than their corresponding numerical format, suggesting that factors other

than math skills play a role in successfully solving a mathematical word problem

(Reusser, 1990). During data coll

ction it was noted that some students were having
difficulty, or were unable to read the problems; one student who was noted for not being
able to read the problems was eliminated from analyses. Other students with similar
reading problems may have been missed, so it is unknown as to whether some students’
performance is a reflection of their math ability or their reading ability. Nevertheless, the
cffect of missing those students with reading difficulties should not take away from the
current results regarding the spatial and motivational dimensions. These analyses were

conducted using the SM dimensions

s within-subjects factors, which means that poor
readers would not bias the results in favour of one dimension or another. Furthermore,

many of the differences in reading word problems were probably also controlled for by

the inclusion of the general word problem measure. Given that this measure did not
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interact with either of the SM dimensions, we can have some confidence that the result
reported here can be generalized across a range of reading levels. Nevertheless, future
studies should still obtain some measure of students’ reading comprehension, as it may
identify an interaction of reading ability with these SM factors that is over and above the

influence of general IQ and general word problem ability. It is important to note that

‘mathematical English is not the same as ordinary English. Regular reading measures may
not be appropriate for measuring the comprehension of mathematical English texts

(Kane, 1978), as many of the commonly used reading measures do not always measure

the same kinds of ion and vary with devel I level (Keenan,

Betjemann, & Olson, 2008). Nevertheless, Vilenius-Tuohimaa and colleagues argue that
technical reading skill level is related to math word problem solving and reading

comprehension, and those students with poor decoding skills may have increased

difficulty with the text itself and as a secondary result struggle with the solving of the

math problem (Vilenius-Tuohimaa, Aunola, & Nurmi, 2008).

Conclusion

Performance on math word problems can be differentially affected by both grade

isions of SMs. Future ch should

and gender through enhancing varying dime

continue exploring the use of SM dimensions to add complexity to word problems.

Educators could then create sequenced teaching agendas so that children are able to

ngly complex word problems. Given the pre-existing and

progress in solving increas

current rescarch on how SM dimensions affect students” performance in math word

problems, teachers may gain a better understanding of how and where childr
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experience diffieulty when solving math word problems. Teachers will be better able to
look at the word problems in textbooks and determine if any particular problem is lacking

helpful i ori ing confusing i that may hinder a

certain grade levels performance. With this increased understanding, teachers may feel

better equipped to modify or create their own word problems to give to their students.

y in the field of ical cognition should continue

focusing efforts on how performance of math word problems are affected by cach SM

dimension (e.g., positive or negative), and ways o enhance math word problems using

various SM dimensions. Another point of interest would be to examine how performance

fected when individual SM are and would g

is a
individual dimensions help or hinder performance. For example, in the current literature,
the temporal dimension has been shown to have no affect on performance in math word
problems, and in some cases using the temporal dimension can hinder performance;
however, it is possible that the temporal dimension can affect performance in a positive
manner if it is paired with another SM dimension

Gender differences also deserve further investigation, especially given the current
study’s findings of girls performing better than boys in the spatial dimension (dissociated
versions), which goes against the pre-cxisting findings of boys performing better at word
problems than girls. Regarding the motivational dimension, forthcoming research should
work to ensure a procedure that allows for all combinations of motivational word
problems to be used as well as creating problems that are not too casy/hard for the grade

level. Grade level teachers could be asked to review the problems and provide feedback
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based on reasonable difficulty of particular items. Finally, regarding the interference
effect, subsequent examination of interference in children this age should explore
Mattarella-Micke and Beilock’s (2010) computer task, as measuring reaction time may

serve as a better means for testing the interference effect.
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Appendices
Appendix A

Sample of General Math Word Problems

Grade Sample Problem

Grade 3 The library had 12 books about the moon. Penny borrowed some of
them. There are 4 books left. How many books did Penny borrow?

Grade 5 Grace walks 9 km cach day. There are 28 days in February. How
many kilometers docs Grace walk in February?
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Appendix B

Sample of Spatial Word Problems

Sample Problem

Grade

Associated

Dissociated

Grade 3

Debbie owned a kennel and was
tending to the puppics in her care.
She picked up 7 chew toys and
went to the dog kennel. Each
puppy has 3 spots. If there arc 4
puppics, how many spots do the
puppies have altogether?

Grade 5

Earl was working hard in his
room, already late for school. Earl
picked up 15 notebooks and left
for the library. At the library there
were 7 tables with 8 empty chai

at cach table. How many scats
Earl able to choo:

Debbie owned a kennel and was
tending to the puppics in her care.
She put away 7 chew toys and
went to the dog kennel. Eacl
puppy has ot
puppics, how many spots do the
puppics have altogether?

Earl was working hard in his room,
already late for school. Earl put
down 15 notebooks and left for the
library. At the library there were 7
tables with 8 empty chairs at cach
table. How many seats is Earl able
to choose from?
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Appendix C

60

Sample of Motivational Word Problems

Sample Problem

Grade

Motivational

Neutral

Grade 3

Amy just started baby-sitting for
her neighbour. She is saving
money to buy a new bike because
she wants to join the bicycle
club. If the bike is $60 and Amy
makes $10 every time she baby-
sits. How many times will Amy
have to baby-sit before she can
buy the bike?

Amy just started baby-sitting for
her neighbour. She is saving
money to buy a new bike, but she
can borrow her older er’s
bike. If the bike is $60 and Amy
makes $10 every time she baby-
sits. How many times will Amy
have to baby-sit before she can buy
the bike?

“Grade 5

Tan and his mother arc flying to
Toronto for his grandmother’s
birthday. They have a birthday
gift for grandma that weighs 11.5
pounds, and the airline only
allows 55-pound bags. lan wants
to bring as much of his toys as
possible, but he needs to bring
s grandmother’s gift. If he
packs his grandmother’s gift, how
many pounds of his toys can he
bring?

Tan and his mother are flying to
Toronto for his grandmother’s
birthday. They have a birthday gift
for grandma that weighs 11.5
pounds, and the airline only allows
55-pound bags. lan war
as much of his toys as
he can send the
mail. If he packs his g
gift, how many pounds of his toys
can he bring?
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