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ABSTRACT

ACHIEVEMENT IN ARITHMETIC WORD PROBLEMS IN ADULTS:
THE ROLE OF WORKING MEMORY

Demirel, Fatma
MSc., Department of Cognitive Sciences
Supervisor: Assist. Prof. Dr. Cengiz Acartiirk
Co-Supervisor: Prof. Dr. Deniz Zeyrek
September 2016, 60 pages

Arithmetic word problems include various scenarios, some of them corresponding
to real life situations. It is expected from the human problem solver to devise
methods to solve those problems. Solving an arithmetic word problem requires
using arithmetic abilities, reading comprehension, and spatial, verbal and numeric
abilities that are related to Working Memory capacities. In particular, verbal and
spatial working memories are assumed to be employed during the course of
arithmetic word problem solving. Arithmetic word problem texts also exhibit
different characteristics than plain texts. Therefore, the investigation of arithmetic
word problem solving goes beyond reading comprehension. The study includes
two phases; (i) to investigate the relationship between the putative Working
Memory components and arithmetic word problem solving characteristics, and (ii)
to investigate the differences between standard written language through a corpus
and arithmetic problem texts. Our analyses revealed that there was a statistically
significant relation between the digit span task scores and the accuracy of
solutions. The study also showed that arithmetic word problem texts are different
than plain texts in terms of their syntactic categories.

Keywords: Working Memory, arithmetic word problem, verbal, visuospatial,
linguistic
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YETISKINLERDE ARITMETIK KELIME PROBLEMLERI BASARISI:
KISA SURELI BELLEGIN ROLU

Demirel, Fatma
Yiiksek Lisans, Biligsel Bilimler Boliimii

Tez Yoneticisi: Yrd. Dog. Dr. Cengiz Acartiirk
Yardimci Tez Yoneticisi: Prof. Dr. Deniz Zeyrek

Eyliil 2016, 60 sayfa

Aritmetik problemler, bir kismi ger¢ek hayattaki durumlarla eslesen ¢esitli senaryolar
icermektedir. Problemleri ¢6zen kisilerden, bu tiirlerdeki sorulari ¢dzmeleri igin
cesitli yontemler tasarlamalar1 beklenmektedir. Matematiksel bir problemi ¢ézmek;
aritmetik becerilerin; okudugunu anlama becerisinin, Isler Bellek yeterligi ile
baglantili olan uzamsal, sdzel ve numerik becerilerin kullanimin1 gerektirmektedir.
Ozellikle sozel ve uzamsal isler belleklerin aritmetik sozciik problemlerinin ¢ziim
stireclerinde kullanildiklar1 varsayilmaktadir. Yani sira, aritmetik problemlerin
metinleri yazi dili derlemlerinin tasarlanmasi i¢in kullanilan salt metinlerden birgok
acidan farklilagmaktadirlar. Bu nedenle aritmetik kelime sorularini ¢odzebilme
arastirmast okudugunu anlamanin 6tesine gegmektedir. Bu ¢alismanin esas hedefleri,
(i) varsayimsal Isler Bellek bilesenleri ile aritmetik sozciik problemi ¢dzme
etkinliginin karakteristikleri arasindaki iliskiyi ve (ii) standart yazili derlem ile
aritmetik problem metni arasindaki farklari arastirmaktir. Caligmanin sonuglari
gostermistir ki yapilmis olan deneysel calismadan elde edilen bulgular, say:1 dizisi
testi skorlar1 ile deneklerin cevaplarinin dogruluk orani arasinda istatistiksel olarak
kayda deger bir iliski oldugunu gostermistir. Ayrica, aritmetik kelime sorularinin
metinleri, kanonik derlem igeriginden, bilesenlerin sézdizim kategorileri bakimindan
farklilagsmaktadir.

Anahtar Sozciikler: Isler Bellek, aritmetik kelime sorulari, dilsel, gorsel-uzamsal,
dilbilimsel
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CHAPTER 1

CHAPTER

INTRODUCTION

Sample Question:

“There are 90 passengers in a three carriage train. Firstly, seven
passengers move from first wagon to the second one. Then, thirteen
passengers move from second carriage to the third carriage. At last,
the number of passengers in each wagon is equal. According to the
information given above, how many passengers were there in the
second carriage at the beginning? '

Solving an arithmetic word problem is in need of various cognitive activities
(Swanson, 2016). Consider the example above; the problem solver needs to
store the numeric knowledge for a short time in mind, comprehend the
written texts in relation to identified entities or digits, figure out the
appropriate solving arithmetic strategy, draw diagrams (if needed by the
problem solver), and then solve the problem.

Arithmetic problems, geometry problems and word problems are main sorts
of mathematical problems (Kyttala & Lehto, 2008). Word problems include
both abstract and concrete concepts and they are longer than other types of
mathematical problems. Relevant components are e.g. proper names,
numbers, and time located in the texts. Reasoning, mathematical problem
solving abilities and Working Memory need to be used simultaneously in the
problem solving process. In fact, Geary (2004) indicated that mathematical
abilities consist of both conceptual and procedural competencies.

" This question was derived from Academic Graduate Exams — Retired Questions
Corpus. The question was asked in 2007 Academic Graduate Exam — Quantitative
part. Question index is 25 in this leaflet. To see the original question, please visit the
osym.gov.tr retired question corpus web page. It was selected accordance with
included spatial factors, numerical knowledge, proper names and relational
concepts. It was also used in the experiment part for this thesis. It will be also used
in some other certain written sections of this paper as an example.



The role of Working Memory in academic achievement was investigated in
previous researches. Studies showed the significance of Working Memory
on academic success, particularly in the field of mathematics (as cited in
Kyttala & Lehto, 2008).

Working Memory was described as an executive function that stores the
temporary knowledge for a short time (e.g., Baddeley, 2012; Engle,
Tuholski, Laughlin & Conway, 1999; Swanson, 2016; Unsworth, 2010).
Baddeley (1986) called it Working Memory (WM), rather than short-term
memory because he indicated that WM does not only store raw information
for a short time. Baddeley (1986, 1997, 2003) divided WM into three
fundamental components; namely, visuospatial Working Memory (VSWM),
central executive (CE), and phonological verbal Working Memory
(PVWM).

Grerofsky (1996) studied word problems in terms of linguistic and narrative
aspects. She remarked that previous studies focused on mathematical word
problems with regard to their “readability”, which is the linguistic factors
that make them easier or harder to comprehend. She proposed that linguistic
features of a word problem specify its difficulty in the process of translating
them from “normal language” to “mathematical symbolism”.

Word problems are composed of many words as in the example question
presented at the beginning of this chapter. Researchers call them “Story-
Problems”; not because of including words but because of containing real-
life stories. Morton and Qu (2013) focused on text comprehension in words
problems. They highlighted that not only children but also adults experience
challenges while solving word problems, not because of their mathematical
skills but because of text comprehension deficits. Therefore, in this thesis
before investigating cognitive skills such as WM capacity, arithmetic word
problem texts are investigated from a corpus analytic perspective. Word
problem texts are compared with a plain-text corpus (METU Turkish
Corpus Project, Say, et al., 2002) in terms of the frequencies of parts of
speech. The method and analyses will be discussed in the Chapter 3.



1.1. Research Questions

Word problems can be elaborated with regard to text comprehension,
mathematical background and logical reasoning. Morton and Qu (2013)
divided word problem solving processes into three fundamental parts: [1]
interpretation of a word problem, [2] building data relationship, [3]
applying the correct operation to compute a word problem.

We approach arithmetic word problems in two dimensions: linguistic
properties of problem texts and cognitive properties of the problem solver.
In particular, to study cognitive aspects, WM components (through The
Digit and Corsi Span Tasks) were investigated. The Digit Span Task
(Swanson, 1992, 2013) is related to Verbal Working Memory and the Corsi
Span Task (Milner, 1971) is related to Visuospatial Working Memory
(VSWM). For linguistic analyses of the problem texts, NLP tools were used
to specify Parts of Speech (PoS) of the texts. Then, these analyses were
compared with another set of words selected from METU Turkish Corpus.

In relation to these subcomponents, four essential research questions were
asked.

Research Question 1: What is the difference between an ordinary text and
word problem text in terms of their syntactic properties? METU Turkish
Corpus are composed of various genres, e.g. fiction (novel and story), news,
bibliography, etc. On the other hand, word problems are a different genre,
comprised of sentences, questions containing numbers, names of persons,
etc. These two types of corpora may be different at the syntactic level,
especially in terms of the frequencies of word types. In this thesis, the
differences are investigated at PoS level.



Research Question 2: Is there a correlation between arithmetic
achievement and Working Memory span characteristics? Problem solvers
use their verbal and spatial WM components to store digits, proper names
and their logical relations (through the digit and corsi span tasks). Problem
solvers also use their VSWM to process visual and spatial elements.
Therefore, it was investigated whether there is a significant relationship
between Working Memory and arithmetic achievement in word problems.
How do Working Memory components influence arithmetic word problem
achievement of problem solvers?

Research Question 3: This question included two sub-questions. One of
them was about the relationship between WM and the solution time, and the
other is about the relationship of the correct answers and the solution time.
Is there a significant relationship between the solution time and Working
Memory capacity (WMC)? How does Working Memory (WM components)
affect the time spent on solving the problem? Second, is there a significant
relationship between solution time and arithmetic word problem
achievement? It is expected that there will be a relationship between the
total solution time and the total correct number of answers. If the problem
solver has a short total solution time, it is expected to have a high number of
total correct answers.

Research Question 4: The last research question is about the diagrams
drawn during solving the problems. The problem solver uses them as a
facilitator in the process of arithmetic word problem solving. Is there a
relationship between the number of diagrams drawn and Working Memory
components? Also, the correct number of answers will be examined in
relation to the diagram sketching. How does the number of diagrams
influence achievement in word problem solving?

In addition to these research questions, the role of age in arithmetic
achievement will be investigated.



1.2. Outline of the Thesis

Chapter 2 covers the previous studies about the arithmetic abilities and
WM, and Working Memory itself. The studies which investigated the
relationship between arithmetic achievement and WM will be presented in
this part, as well. Moreover, studies on linguistic features of word problems
(namely, the parts of speech in word problem texts) will be presented in the
second chapter. Chapter 3 addresses the experimental study that was
conducted for this thesis. The experimental design and details about the
experiment will be presented. Chapter 4 presents the results of the
experiment analyses. Chapter 5 presents the discussion of the results and
possible further studies. Lastly, Chapter 6 provides a summary of the thesis.






CHAPTER 2

LITERATURE REVIEW

2.1. Working Memory, Mathematics and Academic Achievement

The Concise Oxford Dictionary (1995) describes a problem as “A4 doubtful
or difficult matter requiring a solution”. People need certain skills to solve
mathematical problems. Specifically, to solve word problems, the solver
should have the ability to interpret the problem text, to figure out the
appropriate solving arithmetic strategy and apply the correct operations to
compute the problem (Morton & Qu, 2013). Studies in the literature;
Kintsch and Greeno (1985), Mayer (1992), O’Connell (1993, 1999),
O’Connell and Carter (1993), Reusser (1996) separated the process of
problem solving into sequential stages, which are (as cited in Corter &
Zahner, 2007).

Initial problem understanding (text comprehension),

a

b. Formulating the mathematical problem,
c Finding a solution method or schema,

d

Computing the answer.

In the process of problem solving, certain cognitive domains are activated.
In particular, mathematical productivity is influenced by these cognitive
abilities such as attention, previous domain-specific knowledge, motivation,
storage capacity and so on. Working Memory concept appeared for the first
time in the book titled Plans and Structure of Behavior written by Miller,
Galenter and Pribram in 1960. A part from this book is presented below:

“The parts of a Plan that is being executed have special access to
consciousness and special ways of being remembered that are
necessary for coordinating parts of different Plans and for
coordinating with the Plans of other people. When we have decided
to execute some particular Plan, it is probably put into some special
state or place where it can be remembered while it is being executed.
Particularly if it is a transient, temporary kind of Plan that will be
used today and never again, we need some special place to store it.
The special place may be on a sheet of paper. Or (who knows?) it
may be somewhere in the frontal lobes of the brain. Without
committing ourselves to any specific machinery, therefore, we
should like to speak of the memory we use for the execution of our
Plans as a kind of quick-access, Working Memory.” (p. 65)



Then, the concept of Working Memory was defined as a restricted cognitive
capacity to store information temporarily (Baddeley, 2003). Baddeley and
Hitch (1974) proposed the three-component model for WM. Baddeley (2003)
argued that WM involves the central executive that is the control system for
attentional capacity and two other storages; which are phonological loop and
visuospatial sketchpad. Phonological loop executes an articulatory rehearsal
process to hold set of numbers or unconnected words. Baddeley (2003)
indicated that Working Memory has a restricted span, since articulation occurs
in real time. The second storage component of Working Memory is
visuospatial WM. Visual serial tasks such as the corsi span task and matrix
pattern are commonly used to measure Visuospatial Working Memory. The
objects’ place and orientation in space and their appearance are visual and
spatial elements. Working Memory components were used in the process of
mathematical problem solving. Anderson, Reder and Lebiere (1996), LeBlanc
and Weber-Russell (1996), Logie, Gilhooly and Wynn (1994), Swanson,
Cooney and Brock (1993) indicated that mathematical solving of arithmetic
word problems depend on Working Memory (as cited in Swanson & Sachse-
Lee, 2001). Other studies highlighted the correlation between WM capacity
and performance on cognitive tasks (as cited in Kyttala & Lehto, 2008). Some
studies are presented below.

Kyttala and Lehto (2008) investigated the relation between visuospatial
Working Memory and mathematical performance among high school students.
Participants were 128 students who were 15 and 16 years old. Researchers
separated VSWM into two parts: active and passive VSWM. The mental
rotation task was applied to observe active VSWM and, the corsi block test and
the matrix pattern task were conducted to observe passive VSWM. Participants
were from a Finnish high school. They were examined within groups: with a
number of subjects ranging between 11 and 24. The experiment had three
parts: the WM phase, the non-verbal fluid intelligence part and the
mathematical problem solving part that was composed of mental arithmetic
tests, geometry tests and word problem tests (Kyttala & Lehto, 2008). The
mathematical task is developed to measure mathematical success at varied
grades in Finland. The test includes a mental arithmetic task and paper and
pencil tests. The tests are composed of orally presented word problems and
paper-and-pencil word problems. Their results showed that the passive
sequential WM result correlated significantly with the mathematical word
problems, but passive and active VSWM were linked with all math sub-scores.
They revealed that VSWM and nonverbal fluid intelligence has a role in
mathematical performance. They found that if a participant got high scores
from passive VSWM (the corsi block-tapping task and the matrix pattern task),
their word problem achievement increases associatively (Kyttala & Lehto,
2008).



Hitch (1978) investigated the role of Working Memory on mental arithmetic.
They conducted four experiments to explore WM effects on achievement in
mental arithmetic. Experiment 1 assessed auditorily presented basic mental
arithmetic questions such as, 325 + 46. Experiment 2 and 3 investigated the
effects of delaying in remembering numbers, and the last experiment showed
that when mental load increases, the rate of forgetting the initial knowledge
increases. Thirty participants solved four mental arithmetic problems for
Experiment 1. Then the participants verbally explained the process in which
they had dealt with in the problems. They clarified their strategies and style of
writing answers on the paper verbally. The results showed that there was a
correlation between strategy and time. The second experiment was about the
storing digits in mind. The hypothesis was that the interim result was stored
then forgotten in short-term memory thus there was expected to be more
mistakes. It was expected from participants to write their answers in the right
and the adverse order. They found that the writing sequence did not
significantly influence the accuracy of the hundreds of the figures but did
influenced mistakes in the tens and the units (Hitch, 1978). In Experiment 3 the
subjects were expected to learn either the adverse or normal written strategy for
calculating the hundreds and the tens. Their results showed that the normal
written sequence resulted in reduced hundreds mistakes and increased unit
mistakes when contrasted with the reverse order. In the fourth experiment, they
thought that the written page helps the external working storage. The
researchers also changed the amount of written information during the
calculation process. The results showed that the errors tended to decrease as the
amount of typed information increased. All in all, this study showed that the
error arises because first information and interim information are stored in the
working memory (Hitch, 1978).

Another study was conducted with adolescents to understand inattention, WM
and academic achievement referred by Attention Deficit Hyperactivity
Disorder (ADHD) (Rogers et al., 2011). The age of participants ranged
between 13 and 18. Path analyses were conducted to examine whether verbal
and visuospatial WM would be related with inattention symptoms and
achievement results. Verbal WM is associated with reading and mathematics,
whereas VSWM is related to achievement in mathematics. They proposed that
WM is a risk element for academic fault for teenagers who have attentional
problems. The experiment was conducted with 145 adolescents. They used
clinical interviews, teacher interviews, rating scales, the digit span task, WISC-
IV (cf. Rogers et al., 2011; Wechsler, 2003), the corsi block task, WISC-III-PI
(Kaplan et al, 1999) and WIJ-III (cf. Rogers et al., 2011; Woodcock, 2001) for
academic achievement. Their results indicated that there was a statistically
significant relation between WM and academic achievement. They indicated
that Working Memory is a risk element for teenagers who have attentional
problems in academic failure (Rogers et al., 2011).



Another study investigated relations among Working Memory, executive
functioning and mathematical achievement at the age of seven (Bull et al.,
2008). It was predicted that the academic achievement of children at the age
of seven would be related to their WM scores in the past. Thus their
hypothesis was that Working Memory, and executive functioning scores in
preschool students could estimate academic achievement in the following
years. The researchers collected cognitive measures, mathematical outcomes
and did reading tasks on children for three times (in the process of entrance to
elementary school and at the end of the third and first year of the elementary
school). Their results showed that better executive function and the digit span
task skills facilitate reading and math abilities among these children. The
Visuospatial Working Memory span was found to be a factor of mathematical
ability. The analyses showed that although executive function skills were
related to general learning, VSWM was directly related to math achievement
in this age range (Bull et al., 2008).

Swanson (2016) investigated the relationship between math difficulties (MD),
word problem solving and Working Memory. Their target sample included
433 third grade students. Children who had math difficulties solved word
problems.. They were selected from students whose score were lower than the
35t percentage on norm-referenced arithmetic word problem solution math
test (Test of Math Ability, TOMA, Brown, Cronin & McEntire, 1994). They
were chosen from grade three because word problems are added to the
curriculum in this grade for the first time. The conceptual span task and the
digit span task were employed as WM measures. Swanson indicates two ways
of presenting word problems; in the first one, the experimenter read the
question to the subject, and then asked them to read it again. After this
reading processes, the participants solved the questions by paper and pencil.
In the second method, while reading the word problems, the experimenter
also showed a picture illustrating the problem. Then it was expected from the
participants to verbalize the answer (Swanson, 2014, 2016). Children’s WMC
scores were specified as low and high. He found that children focused on the
irrelevant information, thus leading to attentional deficits.

In the light of these studies, we decided to investigate whether the
relationship between working memory and academic achievement could be
valid for the adult participants. Thus, we examined the relationship between
academic achievement, Working Memory and the solution time of adults in
the present study.

10



Although the central executive, Visuosopatial Working Memory and the
phonological verbal Working Memory have an important role in academic
achievement in math, Titz and Karbach (2013) indicated that achievement
depends on the task employed and the participants’ ages. Agostino, Johnson
and Pascual-Leona (2010) investigated multiplication word problems and
executive functioning. They called WM aspects as “M-capacity”. They
changed the level of difficulty of the problems in some cases and they
revealed that problem type matters in the M- capacity. Another study showed
that although seven-year-old WM capacity predicts math performance, eight-
year-old WM capacity and math performance were not correlated (Alloway &
Passolunghi, 2011). DeStefsano and LeFevre (2004) indicated that WM
components are used collectively in the mental arithmetic problem solving
process. Krajewski and Schneider (2009) found that phonological
mindfulness has no effect on quantity-number competencies.

The above mentioned studies indicate that there was no correlation between
WM and academic achievement in children. In our own study on adults, there
are similar findings. The related literature will be discussed in comparison
with our own results in the Discussion section.

2.2.  Arithmetic Word Problems and Linguistics

Comprehending problem text requires linguistic and cognitive abilities.
According to Morton and Qu (2013) students are most challenged in the
process of word problem solving not because of only their arithmetic abilities
but because of text understanding.

Lewis and Mayer (1987) suggested a model of the comparison process about
comparison problems, because they detected that students had more
difficulties when the associational term in the comparison problem was
incoherent with the required mathematical operation in an eye-tracker study.
Hegarty, Mayer and Monk (1995) providing supportive evidence for the
findings obtained by Lewis and Mayer. They compared the reading
comprehension process of solvers who made mistakes on incoherent
problems. They found that accomplished problem solvers began by sampling
to construct a cognitive model of the situation that was defined in the problem
text. Students planned the solution of this model. They called that model
Problem Model Strategy. Participants used two methods to understand the
arithmetic problems. In the first approach; that is, the short-cut approach, the
problem solver attempted to pick the digits in the problem text and key
relational premises like “more” and “less than”; and then developed a
solution. In the second approach, the problem solver translated the problem
statements into a cognitive model of the circumstance defined in the problem
text (cf. Hegarty et al., 1992).
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As indicated, arithmetic word problems do not only lead to models in the
mind of problem solver. Arithmetic word problems also help to understand
the real life scenarios and make the connections between incidents. After
deciding to work with word problems, types of word problems were
investigated in the mathematical phase in the present study. Our analyses
revealed that the major types are number problems, age problems,
percentage problems, distance problems, work-pool problems and mixture
problems were primary types of arithmetic word problems (e.g.,
Verschaffel et al., 2000).

Another aspect that has a major role in arithmetic problem solving is the
linguistic and nonlinguistic constituent in problem text. According to the
Puchalska and Semadeni (1987) there was one numeric answer for verbal
arithmetic problems. They indicated this answer number was calculated by
using information that was supplied in the question text. If a problem
solver wanted to solve these types of questions, pupil had to read the
problem text rigorously and judicially before attempting to solve the part
before constructing arithmetic relations deduced by problem texts
(Puchalska & Semadeni, 1987). Decorte and Verschaffel (1985) found that
high amount of students have difficulty in solving word problems because
of not analyzing relations of problem situation.

Another study about comprehending linguistics factors in arithmetic word
problems was conducted by Lean, Clements and Campo (1990). 2493
children aged from 5 to 15 were asked to solve the same 22 questions.
They designated problem difficulty with using semantic factors. They
found that children’ solution approach differed among groups. They also
found that achievement level differed in terms of English language
competence.

Gerofsky (1996) remarked that word problems included pragmatic and
discourse features, as well. She identified “readability” term, linguistics
factors, which indicate whether, the word problems are harder or easier to
understand and solve.

Wolff-Micheal Roth (1996) investigated discourse analysis to look at the
math learning in the real-life scenarios question texts. He indicated that
when a question’s contextual level increases, students’ engagement is
integrated in a higher rate of meaning practices. He revealed that word
problems did not become more contextual when students were familiar
with the story circumstance in the problem.

In the light of these studies, linguistics aspects of word problems were
decided to be analyzed in the lexical types frequency level. Then it was
compared with another corpus.
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According to the literature (eg., Chall et al., 1995; Coleman et al., 1975)
complexity of a text was influenced by its syntactic and grammatical
features.

Tokens types, lexical types and their frequencies analyzed at the linguistics
level in the comprehending text level which was the first step to solve an
arithmetic problem as indicated by Carter and Zahner (2010).

Another aspect was about visual facilitator that was depicted by problem
solver in the period of problem solving. Using external visual
representations in the period of arithmetic problem solving enhance
problem-solving skills. Carter and Zahner (2007) indicated that students
spontaneously use self-generated external visual aids in the period of
problem solving. These representations were helpful in reaching the right
answer. Another finding about the problem text is that if they are forced to
think abstractly, students tend to draw more diagrammatic representations
(Carter et. al., 2007). Participants are able to tend to apply external visual
aids more frequently when they think a problem is complicated and
difficult (cf. Carter & Zahner, 2007; Hegarty & Kozhevnikov, 1999;
Lowrie & Kay, 2001).

According to the studies with the schoolchildren (e.g., Corter & Zahner,
2007; Lehrer & Schauble, 1998; Penner, Giles, Lehrer, & Schauble, 1996)
high school and college students (e.g., Corter & Zahner, 2007; Hall,
Bailey, & Tillman, 1997; Hegarty & Just, 1993; Kaufmann, 1990; Mayer,
1989; Mayer & Anderson, 1991, 1992; Mayer &Gallini, 1990; Mayer,
Mautone, & Prothero, 2002; Molitor, Ballstaedt, &Mandl, 1989; Santos-
Trigo, 1996; B. Tversky, 2001) used the external visual representations in
the period of arithmetic problem solving to aid the scientific problem
solving.
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CHAPTER 3

METHODOLOGY

Computer-based materials and paper-based materials were covered;
demographic background of subjects, properties of questions and pilot and
experimental methods and the procedures were presented in this chapter.
Firstly, a pilot study was discussed. Then main experimental setup and
analyses were discussed in this chapter. Lastly, linguistic analyses were
presented in the last part of this chapter.

To understand the nature of the arithmetic word problems and their
solutions, a pilot study was conducted before the main study. The goal of
the pilot study was to investigate diagram depictions, as well as bringing
the experimental design to its final stage. In the pilot study, Working
Memory components were not studied. Instead visual representations were
examined since the most well-known method to store pre-knowledge in
mind is taking some short notes in the real-life. Similarly, people tend to
draw some visual representations, while solving arithmetic word problems
(Carter & Zahner, 2007). Because of all these reasons, visual aids were
investigated in the pilot study instead of Working Memory.

3.1. Pilot Study

Hypothesis of this pilot study was that there is a relationship between
problem texts and the types of the visual representations drawn in the
process of the problem solving. It was decided to find the reasons why
some problems need some representational diagrams to be drawn
throughout solving arithmetic word problems. Arithmetic word problems
included more components than simple symbolic mathematical problems.
This pushes problem solvers to take some notes and diagrams as hints on
the paper.

Arithmetic word problem texts were chosen from Academic Graduate
Exams corpus from 2006 to 2010. Some questions were taken from
Emrehan Halici’s Brain Games book. 19 questions were chosen for this
study. There were two types of questions asked in the exam: one of them
includes one problem text and one question, and the other type includes one
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problem text and two or three questions stemming from this particular
question text. Thus the total count of problem texts was 12. Types of
questions were exemplified in Figure 3.4, Figure 3.5 and Figure 3.6.

It was decided to look at question texts because it was thought that there has
to be some syntactic structures for these types of diagrammatical
representation. It was decided that problem texts had to be analyzed deeply.
Tokens types, lexical types and utterances were analyzed at the linguistic
level in the text comprehending part, which is the first step to solve an
arithmetic word problem.

We have analyzed arithmetic word problem texts in the natural language
programs (NLP). They were analyzed with ITU toolkit for parsing and part
of speech tagging was done. Frequencies for each syntactic class were
calculated. They were distinguished as nouns, verbs, and propositions and
so on with the help of also Hasim Sak Perceptron 2.0 Software, as well.

An experimental study was carried out with two participants to understand
whether these twelve questions trigger visual representations for human
subjects. Participants tried to solve chosen arithmetic problems. Their visual
drawings and symbols have been collected and classified into two groups:
diagram included or excluded. This experimental study was done to decide
problem text’s visual representations result. According to human subject
results, 6 of the questions included visual representations and 6 of them did
not include visual representations in the process of solving. In the light of
this small study, it was expected to find which level is suitable for
investigating the comprehension of problem texts. The most crucial question
was that how problem text would be analyzed to observe the similarities
between the drawn visual representations and text. Their visual drawings
and symbols have been collected and classified according to the Carter and
Zahner’s (2010) types of the visual aids, which are reorganization of the
supplied information, pictures, novel schematic representations, trees,
outcome listings, contingency tables, and Venn diagrams.

No significant tendencies were observed in diagram generation. Therefore,
we tended to center upon the role of Working Memory components on
various aspects of problem solving.
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3.2. The Experiment: Participants

The experimental study was conducted with 24 adults (13 males and 11
females). All of these people volunteered to complete this study. Their ages
ranged from 21 years to 53 years. The distributions of ages are shown in
Figure 3.1 (M= 31.71, SD= 8.277, N=21). All the subjects had corrected to
normal vision and normal hearing. All participants had undergraduate
degree. Ten of them were graduate students in universities. 14 participants
were graduated from quantitative based departments such as engineering. 10
participants were graduated from equally weighted departments such as law
school. They were from variety of professions; three of them were research
assistants, two of them were lawyers, four of them were civil servants.
There was an architect among the participants and nine of them were
engineers and the remaining participants were from private sector.

Age

Frequency

| A RRR R RRAR

21 25 26 27 28 29 30 31 35 36 38 45 47 53

Figure 3.1 Age Distributions of Subjects

Participants provided written permission (see Appendix D) to indicate
voluntary participation. In addition, METU Ethical Committee approved the
permission.
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3.3. Materials

Experiment was composed of two parts. The first part was computer-based.
The second part was conducted with the aid of paper and pencil. Features of
materials used in each phase were described in this part. In the first phase,
with the help of a computer, the digit span test for verbal Working Memory
and the Corsi span test for Visuospatial Working Memory were conducted.
For the second phase of the experiment, 12 leaflets were prepared. Each
leaflet had 20 arithmetic word problems as detailed below. Before starting
the experiment, experimental instruction form was presented. It was
attached at Appendix E.

3.3.1. Materials for Computer-Based Tests

Python programming language was used to develop the computer-based
tool. There were two separate tools: for the digit span task (Swanson, 1992,
2013) and for the corsi span (Milner, 1971) task. Both of them had an
integrated database in it. Experimental data were stored in this database.
Before the experiment started each time, a pop-up box was seen in the
screen and the name or number of the subject was asked. It was preferred to
use a subject code to keep the names of the participants confidential. The
code included 7 characters. This subject code started with the sequential
number like “01”. After number, date information was located such as
“1407”. The first two digits represented the date and the second two digits
represented the month information. The last character of code was the first
letter of the subject’s name. Thus codes were in the form “011407a”. This
code was used during all experiments and analyses.

The digit span task started with instruction part. An instruction page was
presented before the experiment started. It was defined what is expected
from participant. After reading this instruction, the participant did two
samples to enhance the understanding of task’s nature. After two trials, the
main experiment continued. Some digits from 1-9 were seen in the screen.
Then it was expected from participant to write the numbers that they have
seen in the right order. Then they were required to use “-“ sign instead of
forgotten digits as described in the Figure 3.2.
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Liitfen, gordiigliniiz rakamlar size gosterilen sirayla yaziniz.
Hatirlayamadiginiz rakam yerine tire/eksi isareti (-) koyabilirsiniz. Yanlig
bir rakam girdiginizi diislindligliniizde geri tusunu (backspace)
kullanarak silebilirsiniz.

Bitirmek igin ENTER tusuna basiniz...

Figure 3.2 A Screenshot from the Digit Span Working Memory Part

Corsi Span Visuospatial Working Memory Task started with the instruction
part. An instruction was presented before the experiment started. It was
explained what is expected from participants. After reading this instruction,
the participants did two samples to enhance the understanding of task. After
two trials, the main experiment continued. There were a total of 12 boxes in
the screen. Some of them blinked in an order. After showing blinked boxes,
there was one second for a blackout. Then mouse cursor appeared. It was
expected from participants to click the boxes that had blinked in the right
order. Please look at Figure 3.3 too see the VSWM experiment.
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Figure 3.3 A Screenshot from Corsi Span Visuospatial Working Memory Part

3.3.2. Materials for The Problem Solving Phase

Test booklet and demographic data form were distributed to each
participant. There were ten pages for the test booklet. Two problems were
located in one page. There was one page for the demographic knowledge
and one page for the time form. Please look at Appendix C and F to see time
record form and demographic data form. Twelve leaflets were created
randomly. They were named as A, B, C, D, E, F, G, H, I, J, K, L, M. Each
leaflet had 20 questions. To see the distribution of questions in each leaflet,
please see the Appendix A.
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3.4. Arithmetic Word Problems in the Experiment

Sixty questions were used in this study. Some representative sample
questions were presented in this part. Each participant solved mixed
representative questions consisting of 20 questions. Please look at the Figure
3.4, to see a representative question.’

Question 1: A number different from zero is multiplied
with three and the result is divided to the initial number.
What is the division?

Figure 3.4 An Example Question

An example of another question was indicated in Figure 3.5. They included
one main narration statement part and more than one questions related with
this main task.

Question 2: Eight children sequenced around a circular
table from 1 to 8 numbers in the clockwise direction.
These kids are playing a counting game. Any child starts
to count saying “1” and the others follow counting in an
order. The child who says 3 leaves the game. The next
child starts counting again starting with 1 and the child
who says 3 leaves the game. Counting continues
clockwise and game ends when only two children
remain.

Question (2.1): If child number 5 starts the counting,
which numbered child will remain at the end of the
game?

Question (2.2): To keep the children numbered 5 and 8
at the end of the game, which child should start to
count?

Figure 3.5 An Example Problem Tex

? The questions in the boxes were excerpted from sample Academic Graduate Exams
(ALES), conducted by "Measuring, Selection and Placement Center" (OSYM) in Turkey.
A language expert translated question texts from Turkish to English. The texts from 20
example questions are presented in Appendix B.
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Question 3: There are 180 animals in a zoo. Number of
herbivorous or carnivorous animals are 9 times of omnivore
animals and 3 times of herbivorous animals.

Accordingly, what is the number of carnivorous animals in
this zoo?

Figure 3.6 An Example Problem Text

An example question text was presented in Figure 3.6. They included one
main narration statement part and one question. A leaflet sample was
attached to the Appendix B part.

Participants solved a representative questions, which were composed of
three types of questions. There are equal numbers of questions of the same
type within solved problems.

Each participant was not able to solve 60 questions because this number was
high. Then it was decided to apply standardization and configuration.
Therefore, questions were separated into 12 sub sets. Each subset included
20 questions. Leaflets were named as A, B, C, D, E, F, G, 1 H, L J, K, L, M.
Two subjects solved each leaflet. Thus 8 persons solved each question. The
distribution of questions was showed in Appendix A.
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3.5. Procedure
3.5.1. Working Memory Tests

The experiment was comprised of two parts. The first phase was consisted
of Working Memory tests. This part of the study was conducted in the
computer environment. An interface was used to record the digit and the
corsi span tasks values as described in the previous section. The digit and
thr corsi span tests were conducted in a way that each participant had
finished those tests right before solving the word problems.

In the digit span task, each participant saw the numbers in the screen. Then
these numbers disappeared. It was expected to write the number seen to the
empty field in the screen (Figure 4.2). Seen numbers were between 1 and 9.
In the first time, two digits were shown. Each participant had two that have
an equal number of digits per trials. Thus each number of digits was seen
two times. If at least one of these trials was written correctly, subject was
allowed to see the next trial. Otherwise, experiment was finished. Then,
number of digits increased up to eight. The maximum number was eight.
Each number of digits was seen two times. In the corsi block test, there were
12 boxes in the different parts of the screen (Figure 4.3). They appeared in
the screen then disappeared. It was expected from participants to click the
shown square boxes after disappearance in turn. Their color changed, thus
subjects detected and marked them. The number of blinks in each trial
increased by one. Each participant had two trials that have an equal number
of blinking boxes per trial similar to the digit span task. The maximum
number for the corsi block task was six. Therefore, each participant was able
to see a maximum of 6 square boxes blinking, if they did all the blocks
correctly.

For both experiments, if subject succeeded in the one of them or two of
them, participants were allowed to pass to the next trials of numbers or
blocks. Also for both experiments, there were test and main parts.
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3.5.2.  Arithmetic Word Problem Solving Experiment

After Working Memory experiments, participants were asked to solve 20
questions. Voluntary participation form and demographic data forms were
filled by participants (Appendix C and D). The experimenter wrote subject
code to the leaflet. Leaflets were distributed randomly. Instruction form
distributed firstly and the experimenter would answer questions, if
participant asked something before the solving process. Instruction text was
added to the Appendix C part. After experiment started, it was not allowed
to ask questions during solving process because of the time keeping
procedure. Between questions, subjects were allowed to ask questions to the
experimenter. There was no time limit for the question solving but elapsed
time was recorded for each question. Time record sheet was used for this
purpose. Time form was attached to Appendix F.

An experimenter kept a record of the elapsed time by using a chronometer
with the help of a cellphone. Experimenter was far away from the
participant in order not to disturb the process. Participants were instructed to
solve each question without turning back again to the same question. If a
participant did not solve a question, time for the giving up was recorded to
the time record sheet. They were asked to cover their papers after solving.
Therefore, subjects were not able to compare questions with the previously
solved ones during problem solving processes. They were asked to say two
commands to the experimenter to keep time for each question. They gave
“Start” command when they started to solve a question. Then subject gave
“Stop” command when they finished solving question. After solving or
giving up all questions, the answer key was shown, if subject wondered the
answers of the questions.

3.6.  Outlier Analysis

According to the collected data, three of the subjects were outliers because
two of them had the lowest Working Memory scores. Outliers were
calculated according to the outlier’s calculation method. Firstly, we ranged
the data from the lowest to the highest. Then we calculated the median,
lower and upper quartiles. The distance from the lower quartile to the upper
quartile was calculated by subtracting lower from upper quartile. Then inner
fences and outer fences were calculated. Data lying outside fences were
remarked as outliers and omitted from data.
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When participants were asked why did not handle the WM task, one of them
indicated that his attention was distracted and the other said she was very
exhausted and she did not feel self-motivated toward the task but then both
of them solved the questions and took a high score from the second part of
the experiment but because of their low Working Memory scores, their
scores were not used for the analyses. Third outlier’s total solution time was
very low.

Therefore, he was also eliminated from data. He also indicated his self
motivation was low during problem solving process.

3.7. Linguistic Analyses

Arithmetic word problems were composed of many words, thus, had
linguistic characteristics. Word problem texts were compared with a plain
texts corpus. We selected problem text corpora from Academic Graduate
exam corpus. There were a total of sixty questions containing 2255 words.
Then, a plain text corpus was selected from METU Turkish Corpus Project.
This project corpus included 2 million words in Turkish. It had been
continuing from 2002 to 2007. This project was funded by METU-BAP and
TUBITAK. We used a very small part out of this corpus. 2255 words were
selected. Please look at Figure 3.7 to see an example text.

Driver whipped the horses for not to stuck in the muddle
unmercifully. He was going quickly although range of vision was
close to zero because of the heavy snow. At last he entered the
pits.

Figure 3.7 An Example Text from METU Corpus

To compare two corpora, METU corpus (Say et al., 2002) texts sizes were
adjusted according to the question text size. NLP parser tools were used for
these analyses. Problem texts and METU Corpus texts were analyzed with
the help of computational linguistics parsers. Cagri Coltekin’s (2014)
TRmorph was used ad then an expert checked the data manually. There
were twelve word classes which, were noun, verb, adverb, adjective,
determiner,
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pronoun, postposition, punctuation, number, question word, and alpha.
Alpha refers to letter that was used for indicating a component in the
question texts.

For example, a driver goes A to B. A and B was tagged as alpha type. After
parser tagged whole words, a linguistic expert checked and corrected both
corpora. Frequencies for each type were calculated for each corpus. Please
look at frequency Table 3.1. Results of the analysis were mentioned in the
Results chapter.

Table 3.1 Frequencies of Word Classes

PoS METU WORD

TYPE CORPUS PROBLEMS
ADJ 245 258
ADV 189 56
CONJ 93 54
DET 137 130
NOUN 977 998
VERB 423 209
NUM 9 307
POSTP 59 98
PRON 111 31
PUNC 1 23
QUES 9 64
ALPHA 0 27
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CHAPTER 4

RESULTS

The aim of this study was to explore whether Working Memory has a
significant role in the process of arithmetic word problem solving. Another
aim of this study was to investigate linguistics components of these types of
questions. To analyze these topics four fundamental research questions were
asked. Please see table 4.1 to see whole research questions.

Table 4.1 Research Questions for this Thesis

Index Research Questions

(1) What is the difference between a usual text and word
problem text in terms of syntactic properties?

(2) Is there a correlation between Working Memory and
arithmetic word problem achievement?

3) Is there a significant relationship between solution time,
Working Memory scores and academic achievement?

4) Is there a significant relationship between drawn diagram
count, Working Memory scores and academic
achievement?

To answer the first question, frequency analyses were applied for both
corpora. Their part of speech patterns were expected to be different in terms
of frequency. When we look at Table 3.1, it was detected that these two
corpora differed with regard to adverb, conjunction, verb, number, pronoun,
question word and alpha frequencies. Numbers, punctuations (%), alpha and
question word components count were higher in the problem text since
problem texts were composed of mathematical items. The postposition type
was higher in the problem texts because the mathematical structure requires
postpositions such as: “according to” (olduguna gore). The last difference was
in verb frequencies. The verb counts in METU corpus (Say et al., 2002) were
higher than the question texts because the question texts often involved
question-words “How many” (kag ... vardir) instead a content verb.
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Two-way ANOVA was applied to investigate the effects of conditions for
the second, third and fourth questions. A comparison was used for the first
research question.

4.1. Descriptive Statistics

The digit span task results for each participant, the Corsi Block Span task
results, correct answer of each participant, diagram counts drawn by
participant during problem solving, total solution time for each participant,
gender, age and educational level was recorded during experiments.
Comparing these data collection with each other, results were constructed.
This part revealed the descriptive statistical information for the analyzed
data.

Table 4.2 Mean Table for Variables

Variables N | Minimum | Maximum | Mean SD
Correct 21 9 18 14.57 2.420
Number of
Answers
Digit Span | 21 6 8 7.29 .845
Corsi Span | 21 5 6 5.67 483
Diagram 21 2 10 6.10 1.841
Count
Solution 21 0:16:01 1:32:15 0:42:01 | 0:17:20
Time
Age 21 21 53 31.71 8.277
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Table 4.3 Mean Values for the Corsi Working Memory Test

Corsi Mean | Frequency
5 13.5 7
6 14.26 14

Table 4.4 Mean Values for the Digit Working Memory Test

Digit Mean Frequency
6 11.87 5
7 13.91 5
8 15.85 11

The digit span test started with two digits. Then it increased up to 8 digits.
Maximum shown digit was 8. As shown Table 4.4, all the participants took
6, 7, and 8 scores from this task. The corsi block test was started with two
blocks. Maximum shown numbers of boxes was 6. As shown in the Table
4.3, participants took 5 and 6 scores from the corsi span task.

4.2. Working Memory and Academic Achievement Relation

A two-way ANOVA was conducted to evaluate the effect of three-value
digit and two-value corsi span Working Memory task results on correct
numbers of answers. The means and standard deviations for correct numbers
as a function of the two factors are presented in Table 4.4. ANOVA
determined no significant relation between digit span verbal Working
Memory values and the corsi span visuospatial Working Memory task,
F(2,15)=0.30, p=0.74, partial n*= .40. On the other hand, there was
statistically significant main effects for the digit span values, F(2,15)= 4.42,
p<.05, partial n?=.37 on WM. It can be shown that, if subjects have high
digit Working Memory task capacity, their correct number score can be
higher than the one who has limited digit Working Memory task capacity. It
was revealed that there was no statistically significant relation between
correct number of answers and the corsi Working Memory span, F(1,15)=
45, p=.51, partial n *=.37. This means that Visuospatial Working Memory
has limited effects on arithmetic problem achievement. In addition to the
two-way ANOVA, stepwise multiple
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regression analyses were done. Results showed the same effect. Linear
combination of the digit span task results significantly predict the academic
achievement of participant, R?=.361, F(1, 20) = 10.72, p <.05.

Table 4.4 Means and Standard Deviation for the Correct Count of Answers

Corsi Digit Mean SD
5 6 11.0 22

7 13.5 1.5

8 16.0 1.1

6 6 12.8 1.1

7 143 1.3

8 15.7 10

Estimated Marginal Means of Right_Count

Digit_Block

—6
7
8

164

154

144

134

Estimated Marginal Means

124

Corsi_Block

Figure 4.1 Estimated Marginal Means
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4.3. Working Memory, Solution Time and Correct Answer Relation

A two-way ANOVA was conducted to evaluate the effect of three-value
and two-value corsi Working Memory task results on solution time. The
means and standard deviations for solution duration as a function of the
two factors are presented in Table 4.5. ANOVA indicated no significant
interaction between the digit span verbal Working Memory task values and
the corsi span visuospatial Working Memory task, F(2,15)=0.30, p=0.74,
partial n >=.32. There was no statistically significant main effects for the
digit span task values, F(2,15)= 1.47, p=.26, partial n *=.160 on WM. It
can be shown that, there was limited effect the digit Working Memory
capacity on solution time. It was also revealed that there was no
statistically significant relation between solution time and the corsi
Working Memory span task, F(1,15)= .37, p=.54, partial n>= .02. This
means that Visuospatial Working Memory has limited effects on solution
time.

Table 4.5 Means and Standard Deviation for the Solution Time

Corsi Digit Mean SD
5 6 34.87 109

7 32.32 7.7

8 2041 55

6 6 2742 55

7 27.10 6.3

8 22.49 41

This analyses was done with the total solution time which includes the
time spent both correct and incorrect answers. Then, we did a second
analysis just for the total time spent for correct answers. There was no
statistically significant main effects for the digit span task values, F(2,15)=
0.24, p=.78, partial  >= .32 on WM. It was also revealed that there was no
statistically significant relation between solution time and the corsi
Working Memory span task, F(1,15)= .53, p=47, partial n *= .34.

A Pearson product-moment correlation coefficient was used to compute
the relationship between solution time and correct answers. There was
correlation between these two variables, = -.602, n=21, p=0.004. This
means that when solution time increases, right answer decreases. To see
the distribution, please look at Figure 4.2.
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Figure 4.2 Scatterplot for Correct Answer X Solution Time

4.4. Working Memory, Diagram Count and Correct Answer Relation

Drawing diagrams as hint are complex patterns. Some participant tended to
draw some visual representations whereas others did not depict any visual
aids.

A two-way ANOVA was conducted to evaluate the effect of three-value digit
and two-value corsi Working Memory task results on drawn diagram counts.
The means and standard deviations for drawn diagram count as a function of
the two factors are presented in Table 4.5. It was found that there was no
significant interaction between the digit span verbal Working Memory task
values and the corsi span visuospatial Working Memory task, F(2,15)=0.16,
p=0.85, partial n*>= .21. There was no statistically significant main effects
for the digit span task values, F(2,15)= 0.94, p=.41, partial n *=.11. It can be
shown that, there was limited effect the digit Working Memory capacity on
diagram count. It was also revealed that there was no statistically significant
relation between diagram count and the corsi Working Memory span task,
F(1,15)= .002, p=.96, partial n = .00. This means that Visuospatial Working
Memory has limited effects on drawn diagram count.
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Table 4.6 Means and Standard Deviation for the Diagram Count

Corsi Digit Mean SD
5 6 4.7 1.1

7 6.1 0.9

8 6.5 0.7

6 6 4.8 0.8

7 6.2 0.9

8 6.7 0.6

A Pearson product-moment correlation coefficient was computed to assess
the relationship between diagram count and correct answers. There was no
correlation between these two variables, = .332, n=21, p=0.223. To see the
distribution, please look at Figure 4.3.

184 o (o] (o]
o o
16 (o}
(o] (o] (o]
E 14 o] o [e]
=
(=}
Y o o [}
-
=
=l
4 124 (o]

T T T T T
2 4 6 8 10

Diagram_Count

Figure 4.3 Scatterplot for Diagram Count X Correct Answer
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4.5. Arithmetic Achievement and Age Effect

Distribution of ages was between 21 and 53. There was one subject in the
age 21, 26, 27, 28, 30, 36, 38, 45, 47 and 53. Two subjects’ ages were 29-
years old, 31-years old, 35-years old. Lastly, there were five subjects whose
age were 25 years old.

A Pearson product-moment correlation coefficient was computed to assess
the relationship between age and answers. There was no correlation
between correct count and age variables, = -.286, n=21, p=.209.

Table 4.7 Mean Table for Gender

Gender Mean Number
Male 13.92 13
Female 15.55 11

A one-way analysis of covariance (ANCOVA) was conducted to investigate
the relation between age and the correct answers. Dependent variable was
the correct answers and independent variable was age. ANCOVA was not
significant about relationship between age and the correct answers,
F(13,7)=2.58, MSE=2.88, p=0.10, partial n *=.82.

4.6. Summary of Results

ANOVA determined no significant relation between the digit span verbal
Working Memory task values and the corsi span visuospatial Working
Memory task, F(2,15)=0.30, p=0.74, partial n*= .40. There was
statistically significant main effects for the digit span task values, F(2,15)=
4.42, p<.05, partial n = .37 on WM. It can be shown that, if subjects have
high the digit Working Memory task capacity, their correct number score
can be higher than the one who have limited the digit Working Memory task
capacity. It was revealed that there was no statistically significant relation
between correct number of answers and the corsi Working Memory span
task, F(1,15)= .45, p=.51, partial n?= .37. This means that Visuospatial
Working Memory had limited effects on arithmetic problem achievement.
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It was also found that there was no statistically significant relation between
solution time and the corsi Working Memory span task, F(1,15)= .37, p=.54,
partial n ?=.02. This means that Visuospatial Working Memory has limited
effects on solution time.

There was no statistically significant main effects for the digit span task
values on the number of diagrams drawn by the participant, F(2,15)= 0.94,
p=.41, partial n = .11. It can be shown that, there was limited effect the digit
Working Memory task capacity on diagram count. It was also revealed that
there was no statistically significant relation between diagram count and the
corsi Working Memory span task, F(1,15)=.002, p=.96, partial n ?=.00. This
means that Visuospatial Working Memory has limited effects on drawn
diagram count.

Lastly, there was no correlation between correct count of answers and age
variables, r= -.286, n=21, p=.2009.
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CHAPTER 5

DISCUSSION

The main aim of this thesis was to investigate the relationship between
Working Memory and arithmetic word problem achievement. We tried to
research how Working Memory components such as Verbal Working
Memory and Visuospatial Working Memory affect academic achievement
especially in arithmetic word problems. Mainly, four research questions
were asked.

The first question was about linguistic properties of problem texts. To
deeply understand the ability of word problem solving, question texts were
also focused on the linguistic sense, because arithmetic word problems
contain many words that are verbs, nouns, numbers, adjectives, adverbs and
so on. Another plain text corpus was selected from METU Corpus (Say et
al., 2002). Then, these two corpora were compared. It was aimed to reveal
the differences between these two corpora. Naturally, syntactic features of
arithmetic word problems were different from a plain text corpus contained
in novels, and stories. Linguistic aspects of word problems were
investigated, because there were some studies in literature about linguistic
properties of word problems such as semantic constituents.

Studies showed that pupils are challenged to comprehend the texts of
questions in word problem solving processes (Morton & Qu, 2013). During
problem solving processes of word problems, pupil has to read the problem
text heedfully and critically and should not to attempt to solution part before
constructing arithmetic relations deduced from problem texts (Puchalska &
Semadeni, 1987). Decorte and Verschaffel (1985) revealed that a high
number of students have difficulty solving word problems because of not
analyzing relations of the problem setting. There was no specific study
comparing word problem corpus with another corpus. Because of that, we
thought that investigating lexical frequencies of problem texts, and
comparing them with another text could be a milestone, since problem texts
includes real-life scenarios, but they differed from a plain text in terms of
adverb, conjunctions, verbs, numbers, pronouns, question words and alpha
frequencies. Semantic and discourse analyses can be added in the further
studies, but we focused WM instead linguistics analyses in this thesis work.
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The second research question was about the connection between Working
Memory and academic competence in the word problem solution. Working
Memory was separated into three components; which are central executive
(CE), visuospatial Working Memory, phonological Working Memory
(Baddeley, 1986, 1997, 2003). We have investigated two domains, which
are phonological verbal Working Memory and visuospatial Working
Memory.

There were statistically significant main effects for the digit span task
values on correct numbers of answers. It means that subjects with high
verbal Working Memory capacity had high arithmetic word problem
achievement records. This showed the role of phonological verbal
Working Memory on academic performance. This result was consistent
with some previous studies that Anderson, Reder and Lebiere (1996),
LeBlanc and Weber-Russell (1996), Logie, Gilhooly and Wynn (1994),
Swanson, Cooney and Brock (1993) indicated mathematical word
problems achievement was dependent on Working Memor (as cited in
Swanson & Sachse-Lee, 2001). Study conducted with adolescent also
revealed the impact of verbal WM on academic competence (Rogers et al.,
2011).

On the other hand, it was found that there was no statistically significant
relation between the correct number of answers and the corsi Working
Memory span task. This means that Visuospatial Working Memory has
limited effects on arithmetic problem achievement. This result was not
consistent with the literature completely, but as indicated in Chapter 2,
there were also studies arguing the role of WM in academic achievement.
Titz and Karbach (2013) indicated that the relation between Working
Memory and academic achievement could change according to the task
employed and ages of participants. Agostino, Johnson and Pascual-Leona
(2010) showed that problem type or complexity matters. Moreover,
Alloway and Passolunghi (2011) stated that age matters.

The third research question was about solution duration. There was no
relation between solution duration and WM, but there was a correlation
between solution time and correct answers. This means that when solution
time increases, number of correctly answered questions decreases.
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The last research question investigated relationship between drawn diagram
count, Working Memory scores and academic achievement. There were
studies about visual representations and mathematics. Carter and Zahner
(2007) indicated that students automatically use self-generated external
visual representations when solving problems. These representations are
helpful to reach the right answer. We did not find statistically significant
results for the relation between achievement and drawn diagram counts.
Many studies were conducted with children, but ages of participants in our
target group ranged between 21 and 53. Perhaps, this contrast rose from this
difference because adults are more inclined to solve questions quickly.

It was detected that Working Memory and academic achievement studies
were conducted with children in most studies. Our target group was
different. Their education level, ages, graduated departments were different.
Possibly this comes from the fact that we could not find the same results
with previous studies since they used the same age-level in their
experiments.

5.1. Limitations

The thesis had several limitations. Firstly, the sample size of the study (24
participants) was not adequately high. Any unclear results we obtained
might have resulted from the low sample size.

Secondly, to the best of our knowledge, there are no studies about the
adults’ WM and academic achievements. We assume, as age increases,
individual differences between adults also increase. We were unable to
control such differences. We considered Working Memory as an
independent variable that does not change in years, but among other things,
the adult participants’ background and mathematical enthusiasm are varied.

Thirdly, to the best of our knowledge, the literature is limited in terms of the
linguistic analysis for word problems. To fill this gap, we analyzed all the
question texts (word problems) in terms of their POS frequencies. However,
it was not an easy task to combine the results with the Working Memory
data. Moreover, we chose a random portion of METU Corpus (2250 words)
for analysis but we cannot claim that this was a representative portion of the
corpus. Thus, its comparison with word problems could not be done
reliably. In addition to this, the word problems cover various types, which
are much broader than the ones covered by present study.
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Fourth, according to the results, participants were successful in the corsi
span Working Memory task with very high scores. All our participants
scored 5 or 6 points (the maximum) from this task. Hence, the participants’
achievement in this test was not a useful variable for our analyses. It might
be due to this that we were not able to find a correlation between the corsi
span Working Memory test and other types of data in the study. The
maximum score for the Visuospatial Working Memory could have been
higher. Thus, this was a limitation for seeking relationships between
Visuospatial Working Memory and arithmetic word problems
achievement.

Finally, neurological and Working Memory studies mostly focus on basic
arithmetic abilities, such as subtraction and addition. We chose more
complex questions for the current study, and this brought further problems;
we were confronted with a range of factors (e.g. low motivation, variations
in reading comprehension abilities) that had to be considered as the source
of difficulties during participants’ problem solving. An additional
limitation was that setting the same level of difficulty for all questions was
impossible.

5.2. Future Work

Considering the limitations above, a future study can be conducted on
adult participants who are from the same educational level or within the
same age range. In our study, some participants reported that, due to their
age, they forgot how to solve the types of problems in focus. On the other
hand, participants whose ages are 21-26 reported that they are familiar
with these types of questions. Most participants of this age range still
continue to take exams involving word problems. Thus, being familiar
with such problems affected the results. In the future, a homogenous group
of participants (e.g. graduate-level university students) can be chosen.

In our study, the participants were (i) expected to comprehend the
mathematical meaning of entities in word problems (sifirdan farkl bir say:
‘a number that is not 0” in the question Sifirdan farkli bir sayinin ii¢ kati
alimir ve sonug baslangigtaki sayrya boliintirse béliim kag olur?); (i) how
the entities are related with each other (e.g. sifirdan farkl bir sayr ‘a
number that is not 0” and baslangi¢taki sayr “the initial number”), (iii)
they were expected to remember the semantic relation between the entities
so that they can solve the question. Such issues are likely to concern the
Central Executive (the supervisory system controlling the VisuoSpatial
WM and Verbal Working Memory). Further studies can focus on the

Central Executive.
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We analyzed the problem texts on the POS level but the level of
linguistic analyses should be improved and varied. For example, the
word problems could be analyzed in terms of the
abstractness/concreteness of the lexical items and categorized as more or

less abstract problems. The effect of abstractness may be sought on level
of difficulty.

Since there is no arithmetic word problems corpus in Turkish, we had to
compared arithmetic problem texts with METU Turkish Corpus, whose
genres are not compatible. This suggests that a corpus of word problems
is needed. In the future, the problem texts can be compared with such a
corpus.

Methodologically, further experimental methods can be added to the
study, for example, in the process of data collection. Participants’
solutions can be video-recorded for further analysis of the participants
notes, drawings, etc. or steps of solutions. These can help understand the
overall word problem solving process. An eye-tracker component can be
added to this setting to capture various phases (e.g. text comprehension,
problem solving) that the participants go through during problem solving.

Lastly, Working Memory is limited. No one can store too many digits
after reading them just once. This suggests that WM capacity is a
physiological issue. An FMRI study can be carried out to understand the
memory region of the brain that is active during such problem solving
processes.
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CHAPTER 6

CONCLUSION

Solving an arithmetic word problem requires many mental faculties
(Swanson, 2016). Word problems are composed of more abstract and
concrete concepts than other types of arithmetic questions, and they are
longer. Terms identifying duration, the entities of the problems (proper
names), and digits are located in the texts. Reasoning abilities,
mathematical problem solving abilities, text comprehension and the
components of Working Memory have to be used simultaneously in the
solving procedure of these types of problems. Baddeley (1986) indicates
that Working Memory stores executive relational knowledge
simultaneously with each other. Geary (2004) argues that mathematical
abilities consist of both conceptional and procedural competencies.

Baddeley (1986) divides WM into three fundamental components; central
executive (CE), visuospatial Working Memory (VSWM) and phonological
Working Memory (Baddeley, 1986, 1997, 2003). According to Baddeley
(1986), Working Memory is a cognitive perfection. Working Memory’s
role in academic achievement was investigated in previous research. A
considerable amount of studies showed its importance in academic
success, particularly in the field of mathematics (as cited in Corter &
Zahner, 2007).

The main aim of this study was to investigate the role of Visuospatial
Working Memory and Verbal Working Memory on arithmetical word
problem competence. An experimental study was conducted to investigate
the role of WM on the academic achievement of word problems. 24 adult
participants participated in two phases of the study; WM tasks (the digit
span and the corsi span tasks) and a problem-solving task.

The findings showed that there was a statistically significant main effect
between the digit span task values and academic word problem
achievement, F(2,15)= 4.42, p<.05, partial n 2= 137. It was revealed that
when the participant has higher the digit Working Memory task capacity,
their word problem
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achievement was higher than that of those who have lower the digit
Working Memory task capacity and vice versa.

A secondary aim of this thesis was to reveal the differences between a
plain corpus and the problem texts corpus. Texts of both corpora were
compared in terms of parts of speech and their frequencies. Their part of
speech patterns were expected to be different in terms of frequency. The
results showed that these two corpora differed with regard to the use of
adverbs, conjunctions, verbs, numbers, pronouns, question words and
alpha frequencies.

In conclusion, the main finding of the study was that Phonological Verbal
Working Memory had an effect on academic achievement in the field of
mathematical word problems solving. Secondly, the frequencies of lexical
types in word problems texts were different from an ordinary corpus that
was selected from METU Corpus (Say et al., 2002).

44



REFERENCES

Agostino, A., Johnson, J., & Pascual-Leone, J. (2010). Executive functions
underlying multiplicative reasoning: Problem type matters. Journal of
Experimental Child Psychology, 105(4), 286305

Alloway, T., & Passolunghi, M. (2011). The relationship between working memory,
IQ, and mathematical skills in children. Learning and Individual Differences,
21(1), 133-137

Anderson, J. R., Reder, L. M., & Lebiere, C. (1996). Working memory: Activation
limitations on retrieval. Cognitive Psychology, 30, 221-256.

Baddeley, A.D. (1986). Working Memory. Oxford: Oxford University Press.

Baddeley, A.D. (1997). Human Memory. Theory and Practice (rev. ed.) Hove, UK:
Psychology Press.

Baddeley, A.D. (2003). Working memory and language: An overview. Journal of
Communication Disorders, 36, 189—-208.

Baddeley, A. D. (2012). Working memory: Theories, models, and controversies.
Annual Review of Psychology, 63, 1-29.

Baddeley, A.D., & Hitch, G.J. (1974). Working memory. In G. Bower (Ed.), The
psychology of learning and motivation (vol. 8, pp. 47-90). New York:
Academic Press.

Baddeley, A.D., & Logie, R.H. (1999). Working memory: The multiple-component
model. In A. Miyake & P. Shah (Eds.), Models of working memory (pp. 28—
61).

Bull R., Espy K. A., & Wiebe S. A. (2008). Short-Term Memory, Working Memory,
and Executive Functioning in Preschoolers: Longitudinal Predictors of

Mathematical Achievement at Age 7 Years, Developmental
Neuropsychology, 33(3), 205-228

Chall, J. S., & Dale, E. (1995). Readability Revisited — The New Dale — Chall
Readability Formula. Cambridge: Brookline Books.

Coleman, M., & Liau, T. L. (1975). A computer readability formula designed for
machine scoring. Journal of Applied Psychology, 60, 283-284.

45



Coltekin C. (2010) A Freely Available Morphological Analyzer for Turkish In:

Proceedings of the 7th International Conference on Language Resources and
Evaluation (LREC 2010) 820-827.

Coltekin C. (2014). A Set of Open Source Tools for Turkish Natural Language
Processing In: Proceedings of the Ninth International Conference on

Language Resources and Evaluation (LREC'14) Ed. by N. Calzolari et al
1079-1086.

De Corte, E., & Verschaffel, L. (1985). Beginning First Graders’ initial

representation of arithmetic word problems. Journal of Mathematical
Behavior. 4, pp. 3-21

DeStefano, D., & LeFevre, J.A. (2004). The role of working memory in mental
arithmetic. European Journal of Cognitive Psychology, 16, 353-386.

Engle, R. W., Tuholski, S. W., Laughlin, J. E., & Conway, A. R. (1999). Working

memory, short-term memory, and general fluid intelligence: A latent variable
approach. Journal of Experimental Psychology: General, 128, 309-331.

Geary, D.C. (2004). Mathematics and learning disabilities. Journal of Learning
Disabilities, 37, 4-15.

Gerofsky, S. (1996). A Linguistic and Narrative View of Word Problems in

Mathematics Education. For the Learning of Mathematics, 16(2), 36-45.
Retrieved from http://www.jstor.org/stable/40248203

Hall, V., Bailey, J., & Tillman, C. (1997). Can student-generated illustrations be
worth ten thousand words? Journal of Educational Psychology, 89(4), 677-
681.

Hegarty, M., & Just, M. (1993). Constructing mental models of machines from text
and diagrams. Journal of Memory and Language, 32(6), 717-742.

Hegarty, M., & Kozhevnikov, M. (1999). Types of visual-spatial representations and
mathematical problem solving. Journal of Educational Psychology, 91(4),
684—689.

Hegarty, M., Mayer, R. E., & Green, C. E. (1992). Comprehension of arithmetic

Word problems: evidence from students’ eye fixations. Journal of
Educational Psychology, Vol 84(1), 76-84.

Hegarty, M., Mayer, R.E., & Monk, C. (1995). Comprehension of arithmetic word
problems: A comparison of successful and unsuccessful problem solvers.

46



Journal of Educational Psychology, 87, 18-32.

Hitch, G. J. (1978). The role of short-term memory in mental arithmetic. Cognitive
Psychology, 10, 302-323.

Holmes, J., & Adams, J.W. (2006). Working memory and children's mathematical
skills: Implications for mathematical development and mathematics curricula.
Educational Psychology, 26, 339-366.

Kaplan, E., Fein, D., Kramer, J., Delis, D., & Morris, R. (1999). WISC-III as a
process instrument manual. San Antonio, TX: The Psychological Corporation.

Kaufmann, G. (1990). Imagery effects on problem solving. In P. J. Hampson, D. E.
Marks, & J. T. E. Richardson (Eds.), Imagery: Current developments (pp.
169- 197). New York: Routledge.

Kincaid, J. P., Fishburne, R. P., Rogers, R. L., & Chissom, B. S. (1975). Derivation
of New Readability Formulas (Automated Readability Index, Fog Count, and
Flesch Reading Ease formula) for Navy Enlisted Personnel. Research Branch
Report, 8-75. Chief of Naval Technical Training: Naval Air Station Memphis.

Kintsch, W., & Greeno, J. G. (1985) Understanding and solving word arithmetic
problems. Psychological Review, Vol 92(1), 109-129.

Krajewski, K., & Schneider, W. (2009). Exploring the impact of phonological
awareness, visual-spatial working memory, and preschool quantity-number
competencies on mathematics achievement in elementary school: Findings
from a 3-year longitudinal study. Special Issue: Typical Development of
Numerical Cognition, 103(4), 516-531

Kyttdld, M. & Lehto, J.E. (2008). Some factors underlying mathematical
performance: The role of visuospatial working memory and non-verbal
intelligence. European Journal of Psychology of Education. 23(1), 77-94.

LeBlanc, M. D., & Weber-Russell, S. (1996). Text integration and mathematical
connections: A computer model of arithmetic word problem solving.
Cognitive Science, 20, 357-407

Lewis, A. B., & Mayer, R. E. (1987). Students’ miscomprehension of relational
statements in arithmetic word problems’. Journal of Educational Psychology,

79(4), Dec 1987, 363-371.

Logie, R. H., Gilhooly, K. J., & Wynn, V. (1994). Counting on working memory in
arithmetic problem solving. Memory and Cognition, 22, 395-410.

47



Logie, R.H., & Baddeley, A.D. (1987). Cognitive processes in counting. Journal of
Experimental Psychology: Learning Memory, and Cognition, 13, 310-326.

Mayer, R. (1989). Systemic thinking fostered by illustrations in scientific text.
Journal of Educational Psychology, 81(2), 240-246.

Mayer, R.E., (1992). Thinking, problem solving, cognition, 2nd ed. A series of books
in psychology.

Mayer, R., & Anderson, R. (1991). Animations need narrations: An experimental test
of a dual-coding hypothesis. Journal of Educational Psychology, 83(4), 484-
490.

Mayer, R., & Anderson, R. (1992). The instructive animation: Helping students build
connections between words and pictures in multimedia learning. Journal of
Educational Psychology, 84(4), 444-452.

Mayer, R., & Gallini, J. (1990). When is an illustration worth ten thousand words?
Journal of Educational Psychology, 82(4), 715-726.

Mayer, R., Mautone, P., & Prothero, W. (2002). Pictorial aids for learning by doing

In a multimedia geology simulation game. Journal of Educational
Psychology, 91(4), 171-185.

Miller, G. A., Galanter, E. & Pribram, K. H. Plans and the Structure of Behavior
(Holt, Rinehart & Winston, New York, 1960).

Milner, B. (1971). Interhemispheric differences in the localization of psychological
processes in man. British Medical Bulletin: Cognitive Psychology, 27, 272—
277.

Molitor, S., Ballstaedt, S. P., & Mandl, H. (1989). Problems in knowledge
Acquisition from text and pictures. In H. Mandl & J. Levin (Eds.),
Knowledge acquisition from text and pictures (pp. 3-35). North-Holland:
Elsevier Science Publishers.

Morton, K., & Qu, Y. (2013). A novel Framework for Math Word Problem

Solving. International Journal of Information and Education Technology,
3(1), 88-93.

Puchalska, E. & Semadeni, Z. (1987). A structural categorization of verbal problems
with missing, surplus or contradictory data. Journal fur Mathematik-Didaktik

48



Rogers M., Hwang H., Toplak M., Weiss M., & Tannock R. (2011) Inattention,
working memory, and academic achievement in adolescents referred for

attention deficit/hyperactivity disorder (ADHD), Child Neuropsychology,
17:5, 444-458.

Santos-Trigo, M. (1996). An exploration of strategies used by students to solve
problems with multiple ways of solution. Journal of Mathematical Behavior,
15(3), 263-284.

Say B., Zeyrek D., Oflazer K., and Ozge U. (2002). Development of a corpus and a
treebank for present-day written turkish. 11th International Conference on
Turkish Linguistics.

Siegel, L. S., & Ryan, E. B. (1989). The development of working memory in
normally achieving and subtypes of learning disabled children. Child
Development, 60, 973-980.

Stenner, A. J. (1996). Measuring Reading Comprehension with the Lexile
Framework. Fourth North American Conference on Adolescent / Adult
Literacy. Washington D.C.

Swanson, H. L. (1992). Generality and modifiability of working memory among
skilled and less skilled readers. Journal of Educational Psychology, 84, 473-
488.

Swanson, H.L. (1993). Working memory in learning disability subgroups. Journal of
Experimental Child Psychology, 56, 87-114.

Swanson, H. L. (2013). Abbreviated test of working memory. Washington, DC:
American Psychological Association, PyscTESTS.
http://psycnet.apa.org/index.cfm?fa=search.displayTestOverview
&id=&resultID=&page=1&dbTab=&uid=9999-24833-000
&isMyList=0&doi=true

Swanson, H. L. Word Problem Solving, Working Memory and Serious Math
Difficulties: Do Cognitive Strategies Really Make a Difference? Journal of
Applied Research in Memory and Cognition (2016),
http://dx.doi.org/10.1016/j.jarmac.2016.04.012

Swanson, H. L., Cooney, J. B., & Brock, S. (1993). The influence of working
memory and classification ability on children’s word problem solution.
Journal of Experimental Child Psychology, 55, 374-395.

49



Unsworth, N. (2010). Interference control, working memory capacity, and cognitive
abilities: A latent variable analysis. Intelligence, 38(2), 255-267.

Titz C., Karbach J. (2013). Working Memory and executive functions: effects of
training on academic achievement. Psychological Research, 78, 852-868

Tversky, B. (2001). Spatial schemas in depictions. In M. Gattis (Ed.), Spatial
schemas and abstract thought (pp. 79-112). Cambridge, MA: MIT Press.

Verschaffel L., Greer B., & De Corte E. (2000) Making Sense of Word Problems,
Taylor & Francis

Wechsler, D. (2003). Wechsler Intelligence Scale for Children (4th ed.). San Antonio,
TX: The Psychological Corporation

Woodcock, R. W., McGrew, K. S., & Mather, N. (2001). Woodcock- Johnson tests
III of achievement. Itasca, IL: Riverside.

Woodcock, R. W., & Johnson, W. B. (1989). Woodcock-Johnson psycho-educational
battery. Allen, TX: DLM/Teaching Resources

Zahner, D., & Corter, J. (2010). The Process of Probability Problem Solving: Use of

External Visual Representations. Mathematical Thinking and Learning, 12(2),
177-204.

50



APPENDICES

APPENDIX A

Distribution of Questions

INDEX A B C D E F G H | K L M
(1) 1 2 3 4 5 6 7 8 9 10 11 12
(2) 1 2 3 4 5 6 7 8 9 10 11 12
(3) 13 14 15 16 17 18 19 20 21 22 23 24
(4) 13 14 15 16 17 18 19 20 21 22 23 24
(5) 25 26 27 28 29 30 1 2 3 4 5 6
(6) 25 26 27 28 29 30 1 2 3 4 5 6
(7) 7 8 9 10 11 12 13 14 15 16 17 18
(8) 7 8 9 10 11 12 13 14 15 16 17 18
(9) 19 20 21 22 23 24 25 26 27 28 29 30
(10) 19 20 21 22 23 24 25 26 27 28 29 30
(11) 12 11 10 9 8 7 6 5 4 3 2 1
(12) 12 11 10 9 8 7 6 5 4 3 2 1
(13) 24 23 22 21 20 19 18 17 16 15 14 13
(14) 24 23 22 21 20 19 18 17 16 15 14 13
(15) 6 5 4 3 2 1 30 29 28 27 26 25
(16) 6 5 4 3 2 1 30 29 28 27 26 25
(17) 18 17 16 15 14 13 12 11 10 9 8 7
(18) 18 17 16 15 14 13 12 11 10 9 8 7
(19) 30 29 28 27 26 25 24 23 22 21 20 19
(20) 30 29 28 27 26 25 24 23 22 21 20 19
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APPENDIX B

A Sample Questions Leaflet — Type A

SORULAR - A KITAPCIGI No:

1) Sifirdan farkli bir sayinin g kati alinir ve sonug baslangigtaki sayiya bolinirse
bolim kag olur?

2) 40 kisilik bir siniftaki 6grencilerin 20'si esmer, kalani sarigin, 21'i gozliiksiiz
kalani da gozliklidir. Bu sinifta 12 gozlikli sarigin 6grenci olduguna gore
esmer 0grencilerin kagi gozliikstzdir?

3) 4 kisilik bir ailenin yaslari toplami 82’dir. 3 yil sonraki yaslari toplami kag
olur?

4) Kisa kenari a cm uzun kenari b cm olan dikdortgen bigimindeki bir levha
isitiliyor. Isitildiktan sonra levhanin her bir kenar uzunlugunun % 10 arttig
gozlemleniyor.

* Isitildiktan sonra levhanin alani yizde kag artmistir?
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* Isitildiktan sonra levhanin gevresinin uzunlugunun isitilmadan
oncekine orani kagtir

5) 2/7’si bos olan bir su deposundaki suyun 1/5’i kullanilinca deponun dolmasi
icin 45 litre su gerekmektedir. Buna gore bu depo kag litreliktir?

6) 40 m ve 30 m uzunlugundaki iki direge 60 m uzunlugundaki bir ip
baglanmistir. Cambaz ipe tutunarak gosteri yapacaktir. Tutma noktasinda ipin
yerden ylksekligi 5m olduguna gore iki direk arasindaki uzunluk nedir?

7) 20 kisilik bir sinifta kizlarin yarisi ve erkeklerin 1/3’G ayrilinca sinifta 12 kisi
kaliyor. Sinifta baglangigta kag kiz 6grenci vardir?

8) Daire bigimindeki bir masanin gevresine dizilen sekiz ¢ocuk, saat yoniinde
1’den 8’e kadar numaralanmistir. Bu gocuklar séyle bir sayma oyunu
oynuyorlar. Herhangi bir ¢ocuk 1 diyerek saymaya basliyor. Numara sirasina
gore, bir sonraki gcocuk 2, ondan bir sonraki ¢ocuk da 3 diyor. 3 diyen gocuk
oyundan gikiyor. Bir sonraki ¢ocuk tekrar 1 den saymaya basliyor ve yine 3 diyen
gocuk oyundan g¢ikiyor. Sayma isi bu sekilde saat yoniinde devam ediyor ve
geriye iki cocuk kalinca oyun bitiyor.

* Saymaya 5 numarali gocuk baslarsa, oyun bittiginde kag numarali
gocuklar kalir?

* Oyunun sonunda 5 ve 8 numarali gocuklarin kalmasi igin, saymaya kag
numarali gocuk baslamalidir?

53



9) Bir paltonun fiyati pantolonun fiyatinin 4 katidir. Paltoyu % 10 karla
pantolonu % 40 zararla satan bir saticinin bu satistaki kar zarar durumu igin ne
soylenebilir?

10) 180 hayvanin bulundugu bir hayvanat bahgesinde etgil veya otgul olan
hayvanlarin sayisi; hem etgil hem de otgul olan hayvanlarin sayisinin 9, yalnizca
otgul olan hayvanlarin sayisinin da 3 katidir. Buna gore bu hayvanat bahgesinde
yalnizca etgil olan hayvanlarin sayisi kagtir?

11) 200 gram sekerli suyun % 25'i sekerdir. Seker oranini % 40’a ¢ikarmak igin
kag gram su buharlastirilmalidir?

12) A siiriict kursu 510 TL'ye 72 saat teorik, 20 saat direksiyon dersi veriyor. B
suriici kursu ise 585 TL'ye 60 saat teorik, 25 saat direksiyon dersi veriyor. Her
iki kursta da direksiyon dersinin saat Ucreti teorik dersin saat tcretinin 3/2’si
kadardir.

* Aslricl kursunda 1 saat direksiyon dersi kag TL'dir?

* B surucu kursunda teorik derslere 6denen Ucret kag TL'dir ?

13) Seker orani % 25 olan 32 litre sekerli suyun seker oranini % 20’ye diisirmek
icin kag litre saf su eklenmelidir?
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14) iki gezegen giines etrafinda dénmektedir. Gézleme baslama aninda giines
ve iki gezegen odak noktalarini birlestiren bir dogru Gizerindedir. Blylk gezegen
gunes etrafindaki yoriingesini 19 yilda, kiiglik olan gezegen ise 8 yilda
tamamlamaktadir. Bu gl ayni dogru gizgi Gzerinde kag yil sonra bulugurlar?

15) 4 yil dnce babanin yasi oglunun yasinin 4 katindan 2 eksiktir. 7 yil sonra
babanin yasi oglunun yasinin 2 katindan 9 fazladir. Buna gére baba kag
yasindadir?

16) iki ara¢ cember biciminde bir pist izerinde ayni anda sabit hizlarla harekete
basliyor. Araclar ayni yonde hareket ederse hizli olan arag pist (izerinde bir tur
atip 30 dakika sonra diger araca yetisiyor. Zit yonde hareket ederse de araglar
10 dakika sonra karsilasiyorlar. Buna gore hizli olan aracin hizi digerininkinin kag
katidir?

17) Bir kiimeste tavuk ve tavsanlar bulunmaktadir. Toplam ayak sayisi 118 bas
sayisl 39 olduguna gore bu kiimeste kag tane tavsan vardir?

18) Bir apartmanin girisinde numaralari 1 2 3 4 5 ve 6 olan alti posta kutusu
vardir. Bu posta kutulariyla ilgili olarak asagidakiler bilinmektedir. Her kutuda en
az 1 mektup vardir. Her kutudaki mektup sayisi o kutunun numarasindan
farkhidir. Ornegin 5 numaral kutudaki mektup sayisi 5 degildir. Kutulardaki
mektup sayilari birbirine esit ya da birbirinden farkl olabilir.

* 1ve 2 numarali kutularda esit sayida mektup olduguna gore kutulardaki
toplam mektup sayisi en az kagtir?
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* 2ve 4 numarali kutularda toplam 5 tane, 4 ve 5 numarali kutularda
toplam 7 tane mektup olduguna gére 5 numarali kutuda kag mektup
vardir?

19) Bir gruptaki erkeklerin sayisi kadinlarin sayisinin 4 katidir. Gruptan 18 erkek
ayrihp 3 kadin katilirsa erkeklerin sayisi ile kadinlarin sayisi esit oluyor. Buna
gore grup baslangigta kag kisidir?

20) Bir otelde 10'u tek kisilik, 15’i gift kisilik, 20’si 3 kisilik toplam 45 oda
bulunmaktadir. Tam kapasite dolu olan bu otelle ilgili olarak asagidakiler
bilinmektedir. Yerli musteriler ya tek kisilik ya da 3 kisilik odalarda kalmaktadir.
Yabanci musteriler ya tek kisilik ya da gift kisilik odalarda kalmaktadir. Otelin 21
odasinda yabanci misteri kalmaktadir. Buna goére, otelde kag yerli musteri
kalmaktadir?
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APPENDIX C
Demographic Data Form

KATILIM ONCESI BILGI FORMU - DEMOGRAFiK BILGI FORMU
Bu calisma ODTU Enformatik Enstitiisii Biligsel Bilimler Anabilim Dal1 Ogretim

Uyesi Yrd. Dog. Cengiz Acartiirk ve yiiksek lisans 6grencisi Fatma Demirel
tarafindan hazirlanmastir.

Yapilan ¢aligmalar kisa siireli bellek ile islem kapasitesi arasinda bir iligki oldugunu
ortaya ¢ikarmistir. Bu ¢alismada matematiksel aritmetik sorularin ¢éziimiinde kisa
stireli bellegin rolii, metin isleme kapasitesi ile iliskili olarak incelenmektedir. Ayrica

soru ¢Oziim siire¢lerinde ortaya ¢ikan uzamsal gorsel 6gelerin aritmetik kelime
sorularinin ¢oziimiindeki rolii de arastirilacaktir.

Asagida yer alan demografik bilgileri doldurmaniz ¢alisma i¢in 6nemlidir. Belirtmis
oldugunuz bilgiler gizli tutulacaktur.

1) Yasmiz:

2) Cinsiyetiniz:

( ) Erkek () Kadin

3) Mesleginiz:

4) Egitim diizeyiniz:

) Ilkdgretim

) Lise

) Universite
) Lisansiistii

(
(
(
(
Calismamiza katildiginiz i¢in tesekkiir ederiz.
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APPENDIX D
Voluntary Participant Form

Gonilli Katim Formu

Bu ¢alisma ODTU Enformatik Enstitiisii Bilissel Bilimler Anabilim Dali Ogretim
Uyesi Yrd. Dog. Cengiz Acartiirk ve yliksek lisans Ogrencisi Fatma Demirel
tarafindan hazirlanmistir.

Yapilan caligmalar kisa siireli bellek ile islem yapma kapasitesi arasinda bir iligki
oldugunu ortaya c¢ikarmigtir. Bu calismada matematiksel aritmetik sorularin
¢cozlimiinde kisa siireli bellek kapasitesinin rolii metin isleme kapasitesi ile iliskili
olarak incelenmektedir. Ayrica sou ¢dziim siire¢lerinde ortaya ¢ikan uzamsal gorsel
Ogelerin aritmetik kelime sorularinin ¢oziimiindeki rolii de arastirilacaktir.

Anket, genel olarak kisisel rahatsizlik verecek sorulari igermemektedir. Ancak,
katilim sirasinda sorulardan ya da herhangi baska bir nedenden &tiirii kendinizi
rahatsiz hissederseniz cevaplama isini yarida birakip ¢ikmakta serbestsiniz. Boyle bir
durumda anketi uygulayan kisiye, anketi tamamlamadiginizi sdylemek yeterli
olacaktir. Anket sonunda, bu c¢alismayla ilgili sorulariniz cevaplanacaktir. Bu
calismaya katildiginiz i¢in simdiden tesekkiir ederiz.

Bu ¢aligmaya tamamen goniillii olarak katiliyorum ve istedigim zaman yarida kesip
cikabilecegimi biliyorum. Verdigim bilgilerin bilimsel amagli yayimlarda
kullanilmasii kabul ediyorum. (Formu doldurup imzaladiktan sonra uygulayiciya
geri veriniz).

Isim Soyad Tarih Imza

e o e o e
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APPENDIX E

Experiment Instruction Text
Deney Yonerge Metni

Deney iki kisimdan olugmaktadir. Bilgisayar ortaminda yapilan kisim
yaklasik 5 dakika yazili olarak uygulanan kisim yaklasik olarak 25 dakika
stirmektedir. Deney siiresince bazi matematik sorulari ¢ozmeniz
beklenmektedir.

Liitfen deney siiresince tiim sorular1 ¢dzmeye gayret ediniz. Cozlime
ulasamasaniz bile ¢6ziim i¢in yapmis oldugunuz hesaplamalar ¢alisma igin
onemlidir.

Deney siiresince stire bilgisi toplanmaktadir. Bu nedenle deneyi uygulayan
kisi deney ortaminda sadece siire bilgisi tutabilmek i¢in bulunacaktir.

Liitfen soru atlayarak ¢6ziim yapmayiniz. Her bir soru i¢in sirasiyla ¢dziim
yapiniz. Sonucu bulamadiginiz sorular i¢in bir sonraki soruya gegis silireniz
kaydedilecektir.

Gegmis oldugunuz soruyu tekrar ¢6zme sansiniz bulunmamaktadir.

Deney sirasinda varsa sorularinizi ¢dziimlerin arasinda sormaniz
beklenmektedir. Liitfen ¢6ziim esnasinda deneyi yapan kisi ile konusmayiniz.

Katilimlarimiz i¢in tesekkiir ederiz.
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Test Tipi:

Denek Numarasi:

APPENDIX F

Time Record Form

Sure Bilgisi Formu

SORU NUMARASI

SURE BILGIiSi
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