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EFFECT OF CAUSAL STORIES IN SOLVING MATHEMATICAL STORY
PROBLEMS

SOZEL MATEMATIKSEL PROBLEMLERIN COZUMUNDE NEDENSEL
OYKULERIN ETKISi
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ABSTRACT: This study investigated whether infusing causal story elements into mathematical word problems
improves student performance. In one experiment in the USA and a second in USA, Finland and Turkey, undergraduate
elementary education majors worked word problems in three formats: 1) standard (minimal verbiage), 2) potential causation
(causal and mathematical content overlap), and 3) climax resolution (causal and mathematical content combined in a way in
which story outcome is discernable). Causal story elements in word problems, written in the USA, improved performance in
USA and Finish students, but not Turkey, on word problems with some spatial content. Based on the finding that infusing
causal stories played out differently in different cultures we concluded that situation models might be at least as primary as
schemas in solving word problems.
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OZET: Bu ¢aligmada sozel problemler icerisine yerlestirilen nedensel oykiilerin 6grenci performansmi etkileyip
etkilemedigi arastinlmistir. Ilki Amerika’da, ikincisi ise Amerika, Tiirkiye ve Finlandiya’da es zamanli olarak yapilan deneysel
calismalarda siif 6gretmeni adaylar1 3 farkl tipte 1) standart (minimum s6zel matematiksel bilgi), 2) nedensel (hem nedensel
hem de sézel matematiksel bilgi igeren, 3) olast sonu¢ da igeren (problemin olasi etkileri ve sonuglart goriilen bir sekilde)
hazirlanmig s6zel matematiksel problemleri ¢ézmeye ¢alismislardir. Nedensel dykii unsurlarinin eklenmesi Amerikali ve Finli
Ogrencilerin uzamsal igerikli problemlerdeki performansim artirirken Tiirk 6grencilerde herhangi bir etki yapmamustir.
Nedensel 6ykii unsurlarinin eklenmesinin farkl kiiltiirlerde farkli etki yapabilecegi bulgusundan hareketle sézel problemlerin
¢Oziimiinde durumsal modellerin en az sema modelleri kadar oncelikli olabilecegi sonucuna varilmistir.

Anahtar sozciikler: s6zel problemler, sema modelleri, durumsal modeller.

1. INTRODUCTION

There is a current debate about whether solving mathematical word problems primarily involves
schemas (invariant recipes for problem structures) (Kintsch & Greeno, 1985; Riley, Greeno, & Heller,
1983; Devidal, Fayol, & Barrouillet, 1997) or situation models (episodic models of the unique elements
of the story) (Thevenot, Devidal, Barrouillet, & Fayol, 2007; Coquin-Viennot & Moreau, 2003). This
question has important implications for how to best approach word problems. The current authors
suggest a new method for addressing the schema versus situation model conundrum. Drawing from
theories that readers create situation models while reading text narratives (van Dijk & Kintsch, 1983;
Zwaan, Langston, & Graesser, 1995), the authors investigated whether combining causal elements with
spatial elements of word problems boosted students’ performance—i.e., does putting the story back into
“story problems” improve performance on word problems?

1.1. Theoretical Frameworks

Textbooks and other curricular materials used in teaching mathematics are a contributing factor
to poor performance on word problems. Wyndhamn & Siljo (1997) observe that word problems that
appear in traditional mathematics textbooks usually represent re-contextualized forms of de-
contextualized descriptions of everyday life situations that serve a specific purpose: to embed the
numeric information in a story as an exercise for specific types of mathematical learning, such as
addition or multiplication. Further, Hiebert et al. (1996) posit that solving such word problems cannot
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prepare students for everyday life, since students are not able to retrieve the needed specific domain-
related (mathematical) knowledge. Various researchers (Silver, Shapiro, & Deutsch, 1993; Boaler,
2000; Schoenfeld, 1991; Verschaffel, Greer, & De Corte, 2000) attribute students’ difficulties with
word problems to students’ lack of sense making or students’ suspension of sense making when
working with word problems, particularly in connecting computation to real life situations.
Commenting on students’ difficulty to apply common-sense knowledge when solving word problems,
Verschaffel, De Corte and Vierstraete (1999) point out that “extensive experience with traditional
arithmetic word problems induces in pupils a strong tendency to approach word problems in a mindless,
superficial, routine-based way in their attempts to identify the correct arithmetic operation needed to
solve a word problem” (p.265). Thus, the practice of word problem solving in school mathematics
hardly matches the idea of mathematical modeling and mathematizing, which is the structuring of real
life scenarios by mathematical means (Freudenthal, 1991). When students work with traditional word
problems they tend not to use heuristics and mathematical strategies, but rather use mechanical and
mindless solutions (Greer, 1997). A common behavior finds students looking for key words and
employing direct translation strategies to solve a problem (Schoenfeld, 1992; Aydogdu, Akbaba-Altun,
& Olkun, 2004). All this suggests that there is much room for improvement in word problems, both in
terms of improving student performance, but also in terms of writing better word problems. However
there is still some confusion about the psychology of how students approach word problems.

There are two competing theories on the solving of word problems. One suggests that students
solve word problems by plugging the particulars of a word problem into a schema, while the other
suggests that students create a situation model of the story. The schema-based explanation of word
problems suggests that after students successfully solve a number of similar types of word problems,
they later access that schema from long term memory (LTM) when encountering another problem of the
same type, using it to compute a solution (Rumelhart, 1980; Schank, 1975). The schema approach
suggests that students create a “problem model” containing the minimal amount of information
necessary to solve the problem.

The corollary of the problem model approach is that any extra elements included in word
problems, above and beyond the minimal information needed to solve the problem, may exert an
extraneous cognitive load (Sweller, 1994; Paas, Tuovinen, Tabbers, & Van Gernen, 2003) or
redundancy (Chandler & Sweller, 1996), reducing performance. Cognitive load theory suggests that any
type of problem has an intrinsic cognitive load, those minimal elements and the interactivity between
those elements that the learner must hold in short term memory to solve the problem (Paas et al., 2003).
Introducing any extraneous elements into the problem forces the learner to hold extra information in
short term memory, potentially straining the learner’s capacity to solve the problem if short term
memory capacity is exceeded. For example, providing fifth graders with illustrations to go along with
word problems does not improve performance and may actually hinder performance if learners must
parse some information from the illustration and the rest of the information from the words (Berends &
van Lieshout, 2009). Cognitive load factor may be important in word problems if learners primarily
employ a schema approach creating a “problem model” of the vital elements of a word problem.

In contrast, the situation model explanation to solving word problems suggests that students
approach word problems as stories, as they would approach other text narratives, i.e., by first creating a
situation model of the unique elements of that story and then using any schemas secondarily. The
situation model theory of how readers read text narratives may suggest that further contextualizing
mathematical word problems could improve or at least not reduce student performance and learning. As
people read text narratives, they read both at a surface level, parsing words and sentences, and at a
deeper level, creating a cognitive situation model of the story and updating that situation model as
events unfold. Readers’ situation models include five dimensions (Zwaan et al., 1995): protagonist
(who the main characters are), goal (of the characters), causation (how events cause changes in the
situation), time/temporal (flashbacks and flash-forwards, etc), and space/spatial (where in the setting
events take place). Of these dimensions, readers handle the spatial dimension the most poorly, typically
opting out of creating and/or maintaining a spatial situation model of a story setting (Hakala, 1999;
O'Brien & Albrect, 1992; Wilson, Rinck, McNamara, Bower, & Morrow, 1993).

Readers consistently and spontaneously track causal (Long, Golding, & Graesser, 1992; Trabasso
& Magliano, 1996) and temporal (Rinck, Hahnel, & Becker, 2001; Zwaan, 1996) relations in text
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narratives, but do not spontaneously track spatial relations (de Vega, 1995; Levine & Klin, 2001;
Zwaan, Radvansky, Hilliard, & Curiel, 1998; Zwaan & van Oostendorp, 1993). This may be because
creating a spatial situation model often requires visual mental imagery, which requires a decision and
willful effort (Hasher & Zacks, 1979), and ongoing attention to maintain it in visual short term memory
(Awh & Jonides, 2001; Shah & Mijake, 1996).

Combining causal with spatial elements increases reader monitoring of spatial elements (Jahn,
2004); readers mentally model the spatial situation in a predator-prey relation more frequently than in a
prey-prey relation. The spatial relation in “7Two zebras move away from a shrub and a lion trots towards
them” is more likely to be recalled than in “Two zebras move away from a shrub and an antelope trots
towards them” (Jahn, 2004, p. 973). The causal relation in this case is potential. The lion may or may
not catch the zebras. However, perhaps for evolutionary reasons, the mere potential of the lion catching
the zebras is enough to encourage reader to monitor the spatial situation.

The lead author of the current paper hypothesizes a second form of causation, i.e., causation
resolution, or climax resolution, i.e., “Two zebras move away from a shrub and a lion trots towards
them, snapping the neck of one of them.” There is a qualitative difference between potential causation
(events that have a propensity to happen), and causation resolution (events with a propensity to happen
that actually play out). This is the familiar conflict and resolution in stories. Stories have certain
expected parts, a story grammar, that readers/listeners/viewers expect (Mandler & Johnson, 1977; Stein
& Glenn, 1979). The setting describes the initial situation of the story and introduces the protagonist.
The beginning produces a conflict from an initiating event, resulting in a reaction by the protagonist,
who initiates some attempts or actions aimed at resolving the conflict, resulting in an outcome, followed
by the ending of the story. Readers tend to remember events in the story that relate to these categories.
For example, in Mandler and Johnson’s seminal work (1977), after hearing recordings of stories, first
graders, fourth graders, and adults all recalled far more from settings, beginnings, and outcomes than
from any other parts of the stories. Later studies have reproduced and extended these results supporting
story grammar (van den Broek, Lorch, & Thurlow, 1996). Thus one might expect that readers creating
situation models from text narratives might react differently to potential causation (conflict) and
causation resolution (climax resolution). Both of these forms of causation may be tools for encouraging
readers to monitor spatial information in text.

Since spatial and mathematical thinking are related (Wheatley, 1998; van Garderen & Montague,
2003; National Council of Teachers of Mathematics, 2000; Cruz, Febles & Diaz, 2000), combining
potential causal elements with mathematical elements in word problems may boost monitoring of the
mathematical situation in the story, particularly if the word problems have spatial content. The current
authors further hypothesized that the climax resolution format would also result in better word problem
performance than typical formulations of word problems.

If the schema explanation of word problems is valid for a class of word problems, one would
predict that a minimalistic presentation of the problem, with little more than the mathematical elements,
would result in more correct answers. However, if the situation model explanation of solving word
problems is valid for a class of word problems, one would expect that providing additional meaningful
contextual information to the word problem (in other words, making it a better story) might motivate
students to construct a more detailed situation model, resulting in more correct answers. In all
probability, different approaches are used by different people on different classes of word problems.
But the power of causality may come to bear with spatially oriented word problems.

Because including causal elements in word problems is new, there are many unknown elements.
We do not know if including causality in mathematical word problems has any effect one way or the
other. If there is such an effect, we do not know the bounds of such an effect. Does it work with all
word problems, or only those with spatial content? Is the effect maximized with non-routine word
problems or routine word problems? Is the effect attenuated with certain ethnicities or age groups?
Considering the number of unknowns, this first series of studies is exploratory.

1.2. Research question

In mathematical word problems with spatial content, how do the following formats compare for
student performance: 1) standard (minimal verbiage), 2) potential causation (causal and mathematical
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content overlap), and 3) climax resolution (causal and mathematical content combined in a way that is
the outcome is computable by the reader)?

Hypothesis I: In mathematical word problems with spatial content, potential causation format
will result in better student performance than will standard format.

Hypothesis 2: In mathematical word problems with spatial content, conflict resolution format
will result in better student performance than will standard format.

The independent variable was the type of problems. There are three word problem formats:
standard, potential causation, and climax resolution. The dependent variables were correctness of
answers.

2. METHODS OF STUDY ONE

2.1. Participants

The participants were 72 female undergraduate elementary education students enrolled in a
mathematical methods course as a teacher preparation program requirement at a state university in the
south east United States. The average age of the participants was unknown as the students participated
anonymously in the experiment. Undergraduate elementary education students were considered an
appropriate population for this study because: a) pre-service elementary students often struggle with
word problems (Chapman, 2003; Contreras & Martinez-Cruz, 2003) and pre-service teachers, in
general, often demonstrate the same misconceptions observed in their students (Lord & Holland, 1997;
Rosales, Orrantia, Vicente, & Chamoso, 2008; Sunberg & Goodman, 2005), and b) in the near future,
they will be teaching word problems to students.

2.2. Materials

The investigators developed three very simple word problems that also involved some spatial
content, in three contextualized versions: standard, potential causation, and climax resolution. The
standard format included almost the minimal amount of information needed to solve the problem.
Standard format: “At seven o’clock in the evening, Pete the Frog fell into a damp, slippery well. As Pete
ascends the nine-foot well, each hour he climbs three feet up, but slides one foot back down again.
Between which hours will Pete reach the top of the well?”

The potential causation format included, in addition to the sentences in the standard version,
several sentences which link the mathematical content to potential causation in the story. In the
following, the additional potential causation sentences are bolded. Potential causation format: “A¢ seven
o’clock in the evening, Pete the Frog fell into a damp, slippery well. He immediately began to climb up
the wall to escape. If he doesn’t get to the top of the well before the temperature reaches freezing,
Pete will die. As Pete ascends the nine-foot well, each hour he climbs three feet up, but slides one foot
back down again. Between which hours will Pete reach the top of the well?”

In the climax resolution format, mathematical content is connected to potential causation in the
story; additionally, enough information is included so that the student can use the mathematical content
to compute the outcome of the story. In the following, the key additional climax resolution sentence is
bolded. The addition of the phrase “by midnight” allows the reader to compute the outcome of the story.
Climax resolution format: “At seven o’clock in the evening, Pete the Frog fell into a damp, slippery
well. He immediately began to climb up the wall to escape. If he doesn’t get to the top of the well by
midnight, when the temperature reaches freezing, Pete will die. As Pete ascends the nine-foot well,
each hour he climbs three feet up, but slides one foot back down again. Between which hours will Pete
reach the top of the well?”

2.3. Procedure

During a one-time session, as a non-graded portion of their course, students convened in a
computer lab and sat down at computers with a web browser already at the correct URL. Students
logged onto the page with an experimenter-supplied user ID and password. Then, students were
presented with three different word problems: one in standard, one in potential causation, and one in
climax resolution format. The presentation of materials was counter-balanced in terms of problem,
format, and order. Therefore, one third of the students read one particular word problem in standard
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format, one third of students read that same problem in potential causation format, and one third read it
in climax resolution format. Every student encountered all three of the word problems. The students
read each word problem one sentence at a time. This arrangement was done in order to get the reading
times for the sentences. Longer reading times are associated with more cognitive processing of the
underlying meaning of the text (Zwaan et al., 1995). After reading each word problem one sentence at a
time, students were presented with the full word problem as one paragraph, along with a text box to
record their answer. They were also given scratch paper, collected as data, should they need to write or
draw anything associated with the problem. They were instructed not to write anything down, nor
compute anything, during the sentence-by-sentence presentation, but to solve the problem in the full
paragraph presentation. Unfortunately the times for reading sentences turned out to be unusable as some
students, despite directions not to do so, wrote down information during the sentence by sentence
presentation of the word problems, resulting in unrealistically long reading times. Additionally, to
control for attitudes about reading, students also took the Mikulecky Behavioral Reading Attitude
Measure (Schaer, Ley, Neal, & Wright, 1988).

3. RESULTS OF STUDY ONE

Since the three word problems were not standardized, each of three word problems was
effectively a separate between-subject experiment. Two of the investigators (one of whom is
mathematics educator) graded the students’ answers to the word problems, assigning a value of 1.0 to
correct answers, 0.5 to partially correct (with some valid logic but not 100% correct), and 0.0 to totally
incorrect answers with fallacious logic. The inter-rater agreement across all problems was 83%.

For the first word problem (the frog in the well word problem as previously described), the mean
average correctness was 0.65. Students presented with the potential causation format performed best,
followed by climax resolution, then, followed by standard format. Based on hypothesis 1, that students
would perform better with the potential causation format than with the standard format, we conducted a
planned comparison t-test. On an independent sample t-test comparing average fraction correct between
participants who answered the frog problem in potential causation format (M = .79, SD = .319) versus
those who answered it in standard format (M = .49, SD = .455), the difference was significant, t (2, 48)
=2.7,p<.009,d=.77.

Also, to address hypothesis 2, that students would perform better with the climax resolution
format than with the standard format, we conducted another planned comparison t-test. On this
independent samples t-test, comparing average fraction correct between participants who answered the

frog problem in climax resolution format (M = .66, SD = .405) versus those who answered it in
standard format (M = .49, SD = .455), the difference was not significant, t (2, 46) = 1.34, p <.181.

For the other two word problems, the overall mean average correctness (0.13 and 0.3) was too
low to be considered reliable. There were also no significant differences between groups for these two
word problems in planned t-tests. To the investigators who graded the word problems, it appeared that
many students misinterpreted the problems. For example in one problem (the “newlywed problem”),
students were asked to compute the husband and wife’s relative commute distances to work in
Manbhattan distance (distance along city blocks), however some students were incorrectly trying to
apply the Pythagorean theorem to compute distance along the diagonal as the crow flies.

Data for reading times for sentences shared by all three formats were not reliable, as there were
many invalid data points because some participants did not follow the directions to avoid writing things
down during the initial sentence-by-sentence presentation of the problems, still need to be removed.
Therefore these data were not reported.

4. METHODS OF STUDY TWO

The investigators conducted a follow-up study that essentially replicated the first study except

with the following changes:
a) The stories were refined to remove any possible ambiguities, as informed by the first study. For
example, in the first study on the newlywed problem, some students who did not understand that
the problem called for Manhattan distance (distance along city blocks) incorrectly applied the
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Pythagorean Theorem to compute distance. In the revised version of the newlywed problem,
investigators attempted to remove this ambiguity. Following are the three new versions of the
newlywed word problem:

Standard:

The city Jen and Darren live in is designed on a grid of rectangular blocks. Darren’s job site was 20
miles north and 70 miles east of Jen’s. They move into an apartment 30 miles south and 45 miles
east of Jen’s job. How far of a drive (not as the crow flies, but along the streets on the grid) is
their apartment from Jen and Darren’s job respectively?

Potential causation:

Even though Jen and Darren loved each other, they both found it hard to put the needs of the
other before their own. They want to find an apartment that is an equal drive from their
jobs, otherwise Jen will think it unfair. The city Jen and Darren live in is designed on a grid of
rectangular blocks. Darren’s job site was 20 miles north and 70 miles east of Jen’s. They move
into an apartment 30 miles south and 45 miles east of Jen’s job. How far of a drive (not as the
crow flies, but along the streets on the grid) is their apartment from Jen and Darren’s job
respectively?

Climax resolution:

Even though Jen and Darren loved each other, they both found it hard to put the needs of the other
before their own. They want to find an apartment that is an equal drive from their jobs, otherwise
Jen will think it unfair and ultimately will divorce Darren. The city Jen and Darren live in is
designed on a grid of rectangular blocks. Darren’s job site was 20 miles north and 70 miles east
of Jen’s. They move into an apartment 30 miles south and 45 miles east of Jen’s job. How far of a
drive (not as the crow flies, but along the streets on the grid) is their apartment from Jen and
Darren’s job respectively?

b) The word problems were presented to the students in paper form. The investigators believed that
the paper format was much more natural than the computer interface to the participants
(undergraduate elementary education majors). Since, the reading time data in the first study was
problematic, the investigators decided the paper format might involve fewer confounding
variables.

c) In order to further explore the range of story types that the constructs of schema versus story
situation model might apply to, a fourth word problem was added, which did not contain any
spatial aspects. This fourth problem was written by the Turkish co-investigators. The other three
problems were written by the American investigators. The total number of word problems was
four.

d) In order to see how cultural and ethnic factors might affect these issues, the study was conducted
with equivalent sample populations of undergraduate elementary education majors in three
different countries (USA, Finland, and Turkey), with the stories and directions translated into
their native languages. The number of participants from the USA, Finland and Turkey was 112,
60, and 69, respectively.

In each country, the answers to the word problems were graded independently by two experts. In
the USA, Finland, and Turkey, the inter-rater reliabilities were .85, .94 and .88 respectively. The
averages between the two scores given by the two raters were used for the analysis.

5. RESULTS OF STUDY TWO

With four word problems, each with three formats, in three different countries, the results are
voluminous. Therefore, we present the overall results in summary and then highlight the significant
results in detail. Given the potential for cultural differences between countries, data from each country
were analyzed separately. Further, since the word problems were not calibrated to be equivalent, each
word problem was also analyzed separately.

As in the first study, planned comparison t-tests were conducted for each problem with formats
(standard, potential causation, and climax resolution) as the independent variable and correctness of
answers as the dependent variable. Based on the hypotheses, investigators also performed planned
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comparisons, using t-tests to compare students’ results on the potential causation versus standard
formats and on the climax resolution versus standard formats.

For the students in the USA, only one of the word problems produced significant differences,
while the other three problems did not. On the newlywed problem, students performed better on the
climax resolution format than on the standard format. A planned comparison t-test comparing
correctness in the climax resolution format (M = .54, SD = .467) versus correctness in standard format
(M = .34, SD = .334) indicated a significant difference, t (69) = 2.12, p <.038, d =.5. On the other three
word problems, the differences were non-significant.

Similarly, for the students in Finland, only one word problem—also the newlywed problem—
produced significant differences between formats. On the newlywed problem, students did best on the
climax resolution format, second best on the potential causation format, and worst on the standard
format. On the planned comparison t-test between performance of students working the climax
resolution format (M = .99, SD = .057) versus performance of students working the standard format (M
= .69, SD = .249), the difference was significant, t (38) = 5.3, p <.0001, d =1.9. On the t-test comparing
the potential causation format (M = .86, SD = .275) versus the standard format (M = .69, SD = .249),
the difference was also significant, t (39) = 2.1, p <.043, d =.65.

In the Finnish study on three of the four problems, students performed best on the climax
resolution format. However, the differences were significant for only one of the problems. It is notable
that the sample sizes were modest.

For the students in Turkey, in three of the four problems students did marginally better with the
standard format. However, these differences were only significant on one of the problems for one of the
t-tests. On the t-test comparing the potential causation format (M = .63, SD = .336) versus the standard
format of the frog problem (M = .82, SD = .252), the difference was significant, t (44) = 2.1, p < 0.041,
d=.65.

6. DISCUSSION and CONCLUSION

These two studies explore the idea of infusing story elements, specifically causation, into
mathematical word problems. The intermittently significant results suggest that causation may improve
students’ performance in mathematical word problems in certain situations, but that the extent and bounds of
the effects still need to be determined. At the very least, adding causation does not hurt student performance.

In the first study, the overall mean average correctness (0.13 and 0.3) was too low to be considered
reliable for two of the three word problems. The average for the remaining item, the frog problem, was
sufficiently high. Participants performed significantly best on the frog problem in the potential causation
format and significantly worse with the standard format. The main significant results from second study
were that, in both USA and Finland, but not in Turkey, participants did significantly better with the climax
resolution format than they did with the standard format on one of the word problems, namely the newlywed
problem, which was written in the USA.

The Turkish students did significantly better with the standard format on one problem, the frog
problem (written in the USA), and non-significantly better with the standard format on two of the other
problems (also written in the USA). On one problem written in Turkey, the school commute problem, which
was non-spatial, the Turkish students did approximately equal with the different formats.

Thus, USA and Finish students behaved as one block, Turkey as another. The obvious explanation is
that the American and Finnish cultures, predominantly Christian and with a higher standard of living,
number 12" and 15" in worldwide rating of Human Development Index (Human Development reports,
2008; Human Development Index, 2008), are relatively more similar, while the Turkish culture,
predominantly Islamic with a lower standard of living, rated number 84™ worldwide in Human Development
Index (Human Development Reports, 2005), is relatively more different from the other two countries. Thus
the causal story frameworks written in the USA were meaningful in the USA and Finland, but not in Turkey.
For example, the causative element in the climax resolution format of the newlywed problem was the threat
of divorce, but divorce rates are very different in these three countries: Turkey 6%, Finland 51.2 % and USA
54.8% (Divorce Rates Around the World, 2007) Thus, the use of divorce as a story context might be much
more meaningful in USA and Finland than in Turkey.

Another explanation for this figure could be the fact that the Turkish students face more standard
(sterile) word problems than realistic, real life problems during their education in schools and other private
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tutoring sessions compared to their peers in the USA and Finland because of the standard, nationwide
examinations. In these exams no extraneous information is given in the problems to make them more
objective and standard. Only the information relevant to the solution of the problem is given.

In the second study students in both Finland and the USA did better on the climax resolution format
for one problem. In the first study, the USA students did better on one problem with the potential causation
format. Thus, the number of significant results modestly favored the climax resolution and potential
causation formats over the standard format. These results suggest that for this population and these types of
word problems, providing causative story context is more effective than paring down problems to almost
minimal mathematical schema. Additional story context does not produce extraneous cognitive load but adds
contextual meaning and the motivation to find the solution.

Why the frog problem produced significant results in the first study, but not in the second study, is an
unresolved problem. However, since the problems in the second study were less ambiguous, the results of
study two are considered more dependable.

In the second study, the major pattern across countries was that students in Finland and the USA did
significantly better on the newlywed problem in the climax resolution format, than in standard format. This
supports the situation model approach to word problems. However, it brings up an important inquiry: How is
the newlywed problem different from the other problems? Why did the newlywed problem produce a result
favoring the climax resolution format when the other three problems did not? There were several key
differences between the newlywed problem and the other problems: a) it was more spatial than the others,
requiring the drawing of a map-like diagram with a coordinate system to solve it. Participants often solved
the other three problems without drawing any type of a spatial diagram. b) It was a non-routine problem, not
amenable to common computational formulas or algorithms.

The researchers posit that because the newlywed problem was more spatial and non-routine, it took
more work to solve it, and thus the additional causative story context provided additional motivation. It
requires a decision and effort of will to conjure up visual mental images of shapes (Hasher & Zacks, 1979),
and then ongoing attention to maintain them in the mind’s eye (Awh & Jonides, 2001; Shah & Mijake,
1996). The results of this second study suggest that adding causative story context to word problems can
improve student performance, but probably only in cases where the word problem is spatial and the
mathematical schema is unfamiliar to students. However, these may be important learning situations for
students.

Educationally, even though the mathematical content was identical in all formats across both studies,
with some problems students solved word problems in potential causation and climax resolution format
significantly better than in standard format. However, if situation models are more primary than schemas in
word problems, then perhaps the current way of teaching word problems (as problem structures, motivated
by the schema theory) is misguided.

This suggests that (at least for elementary education majors solving word problems) quality of story
may be more important than minimizing cognitive load. Involving the mathematical content with causal
elements of the story motivates students to correctly work word problems. Efforts to redesign word problems
so that mathematics content overlaps with causal elements of the storyline might result in increased learning
of word problems.

Currently, there is a movement towards making word problems culturally more relevant—for
example, talking about the ocean when you are in Florida and the mountains when you are in Colorado.
However, adding context should not be done superficially. Given that the current results suggest that
students treat word problems fundamentally as stories, context should be added in a way that makes the
mathematics content more fundamental to the story, hence making the mathematical elements part of the
plot. Furthermore, since there is mounting evidence that situation models are at least as primary as schemas
in solving word problems, perhaps some research should go into using situation model theory to articulate
strategies for learning and teaching word problems. The current results also emphasize that word problems
with story elements written in one culture may transfer well to similar cultures, but not to dissimilar cultures.

Principles of situation model theory—that causal-spatial overlap improves spatial dimension of the
situation model while reading (Jahn, 2004)—seem to extend to an overlap between causal and mathematical
content in word problems. These results are limited in scope and further studies need to be undertaken with
more word problems to better delineate the types of word problems that could be improved with infusion of
causal story elements. Further, it would be valuable to extend the current research paradigm to other
populations such as elementary and middle school students to see how developmental differences in
mathematics ability interact with story elements in word problems.
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In this exploratory study of word problems, we conclude that infusing causation into word problems
for undergraduate elementary education majors may improve student performance in non-routine word
problems with spatial content. In cases of non-standard word problems with spatial content, if cultural
differences are taken into consideration, it may improve student performance to put the story back into story
problems.
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Genis Ozet

Cocuklarda problem ¢ézme becerilerinin gelistirilmesi matematik egitiminin 6nemli amaglarindan
birisidir. Bu beceriler ise ¢ocuklarin daha basit durumlardan baslayarak giderek daha karmasik
durumlar igeren problemleri ¢Ozmeleri saglanarak gelistirilmeye c¢alisilmaktadir. Problemler ise
genellikle i¢inde s6zel matematiksel durumlar igeren odykiilerden olusmaktadir. S6zel problemler olarak
adlandirilan bu problemlerin ¢oziimiinii agiklayan rekabet icindeki iki kuramsal modelden birisi sema
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modelidir. Bu model matematiksel sdzel problemlerin ¢ozliimiiniin aymn tiir problemlerin ¢6ziimiinde
kullanilan semalar igerdigini ileri siirmektedir. Durum modeli olarak adlandirilan diger model ise
insanlarin  Oykii metinlerini okurken bir yandan da Oykiide betimlenen durumun modelini
olusturduklarin1 savunmaktadir. S6zel problemler i¢ine uygun miktarda nedensel climleler ekleyerek
farkli yapisal o6zelliklerde problemler olusturmak olanakhidir.  Ogrencilerin farklilastirilan bu
problemleri ¢éziim performanslari farkli olursa bu iki modelden hangisini daha ¢ok kullandiklar1 ortaya
cikabilecektir. Bu calismada soézel problemler igerisine yerlestirilen nedensel oOykiilerin 6grenci
performansini nasil etkiledigi arastirtlmistir. Bulgular hangi modelin sézel problemlerin ¢oziimiinii
aciklamada daha Oncelikli oldugu konusunda bize fikir verecektir.

Ilki Amerika’da, ikincisi ise Amerika, Tiirkiye ve Finlandiya’da es zamanl olarak yapilan deneysel
caligmalarda smnif 6gretmeni adaylar1 3 farkl tipte hazirlanmis s6zel matematiksel problemleri ¢ézmeye
caligmiglardir. Bunlar: 1. Standart, minimum sozel bilgi, 2. Nedensel, hem nedensel hem de
matematiksel bilgi iceren, 3. Olasi sonug da igeren, problemin olasi etkileri ve sonuglar1 problem iginde
goriilen sekilde hazirlanmis problemlerdir. ilk calisma Amerikali 72 grenci, ikinci ¢alisma ise 112
Amerikali, 60 Finlandiyali ve 69 Tiirk 6grenci olmak iizere toplam 312 6grenci iizerinde uygulanmistir.
Her 6grenci 4 farkli problemin 3 degisik formatindan birini ¢ézmeye caligmistir. Boylece bir 6grenci
ayni problemin farkli formatlar1 ile karsilastirilmamstir. Kullanilan problemlerin zorluk diizeyi
birbiriyle karsilastirmali olarak bilinmediginden her bir problemin verisi ayr1 olarak analiz edilmistir.
Her ti¢ iilkede de ayni problemler ayni format ile yine ayni kosullarda kullanilmis ancak her iilkenin
kendi dilinde sorulmustur. Problemlerden bir tanesi digerlerine gére daha ¢ok uzamsal igerik i¢erecek
sekilde hazirlanirken bir digeri daha ¢ok aritmetik igerikli olarak hazirlanmistir. Aragtirmada kullanilan
dort problemden biri olan “bahge” probleminin 3 farkli formatta yazilmig sekli asagida goriilmektedir.

Standart: Harun’un babasi, bir bah¢e yapmak icin evlerinin yaninda, kirk dorde yetmis alti metrelik
kiigiik bir arsanin topragim siirmiistiir. Ertesi giin Harun’un kiiciik kardesi, oyun oynarken, bir roketin
kapsiiliinii bah¢enin kenarina bir yere gdmer. Harun ve kardesi bir saat icinde bahgenin kenarlari
boyunca dogrusal olarak 40 metre uzunlugundaki bir yeri arayabilmektedirler. Bahgenin tiim ¢evresini
aramadan roketin kapsiiliinii bulamiyorlar. Roketin kapsiiliinii bulmak kag¢ saat stirmiistiir?

Nedensel: Harun, el yapimi roketini bilim fuarinda sergileyecektir. Babasi ve kiiglik kardesi fuardan
onceki gece, roketin parcalarini ayirip paketlemesi icin O’na yardim ederler. Harun’un babasi, bir bahge
yapmak igin evlerinin yaninda, kirk doérde yetmis alti metrelik kiiglik bir arsanin topragini slirmiistiir.
Ertesi glin Harun’un kiiciik kardesi, oyun oynarken, roketin kapsiiliinii bahgenin kenarma bir yere
gomer. Harun ve kardesi bir saat i¢cinde bahgenin kenarlar1 boyunca dogrusal olarak 40 metre
uzunlugundaki bir yeri arayabilmektedirler. Bahgenin tiim g¢evresini aramadan roketin kapsiiliinii
bulamiyorlar. Roketin kapsiiliinii bulmak kag saat stirmiigtiir?

Olast Sonug¢ da i¢eren: Harun, el yapimi roketini bilim fuarinda sergileyecektir. Babasi ve kiigiik
kardesi fuardan onceki gece, roketin parcalarim aywrip paketlemesi icin O’na yardim ederler. Harun’un
babasi, bir bahge yapmak igin evlerinin yaninda, kirk doérde yetmis altt metrelik kiigiik bir arsanin
topragini slirmiistiir. Ertesi giin Harun’un kii¢iik kardesi, oyun oynarken, bir roketin kapsiiliinii bahgenin
kenarma bir yere gomer. Bilim fuar1 bes saat icinde baslayacaktir. Harun ve kardesi bir saat i¢inde
bahgenin kenarlar1 boyunca dogrusal olarak 40 metre uzunlugundaki bir yeri arayabiliyorlar. Bahg¢enin
tim ¢evresini aramadan roketin kapsiiliinii bulammyorlar. Roketin kapsiiliinii bulmak ka¢ saat
stirmiistiir?

Nedensel oykil unsurlarinin eklenmesi kimi problemlerde performansi diisiiriirken diger bazi
problemlerde artirmustir. Ancak bu diisis ve artiglar genellikle istatistiki anlamlilik diizeyine
erigememistir. Amerikali ve Finli 6grenciler birbirlerine benzer bir davranis orilintlisii gostermisler ve
genellikle nedensel unsurlarin eklendigi problemlerde gorece daha yiiksek performans gostermislerdir.
Diger yandan Tiirk o6grenciler biitiin problemlerde en yiiksek performansi standart problemlerde
gostermislerdir. Ancak bunlardan sadece kurbaga probleminde performans farklar1 standart format
lehine istatistiki olarak anlamhlik diizeyine ulasnustir. Ozetle, nedensel dykii unsurlarinin eklenmesi
Amerikali ve Finli 6grencilerin uzamsal igerikli problemlerdeki performansinin artmasina neden
olurken bu durum Tiirk 6grencilerde herhangi bir etki yapmamustir.
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Amerikal1 ve Finli 6grencilerin benzer kiiltiirlere sahip olmalari, okullarinda Tiirk 6grencilerden farkl
pratikler gormeleri, toplumsal olarak farkli deger yargilarina sahip olmalar1 bu ¢alismada bu iki grup
iilke ogrencilerden farkli sonuclar alinmasina neden olmus olabilir. Ornegin bosanma ile ilgili
problemde hem Amerikali hem de Finli 6grenciler nedensel unsurlarm eklendigi formatta daha ytliksek
performans gostermislerdir. Diger yandan Tiirk 6grencilerin daha ¢ok standart problem formatlarinda
bagarili olmalar1 bulgusu Tiirkiye’de ¢oktan segmeli test olarak yapilan merkezi siavlarin etkisinden
kaynaklanmus olabilir. Bu sinavlarda ve bu smavlara hazirlik amaciyla yapilan ¢aligmalarda 6grencilere
nesnellik kaygisiyla “steril” denebilecek, problemin ¢6ziimil i¢in gerekli bilgiden fazla higbir bilginin
bulunmadig: sorular sorulmaktadir. Boylece 6grenciler bir problemde fazladan bir bilgi verilmis ise
bunu gerekliymis gibi algilayip problemin ¢6ziimiinii oldugundan daha zor olarak algilamis olabilirler.
Sonug olarak, nedensel Oykii unsurlarmin eklenmesinin farkli kiiltiirlerde farkli etki yapabilecegi
bulgusundan hareketle s6zel problemlerin ¢éziimiinde durumsal modellerin en az sema modelleri kadar
oncelikli olabilecegi sonucuna varilmigtir.



