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Abstract

Structural equation model was used in this study to determine the
effect of fluent reading, literal comprehension and inferential
comprehension levels of elementary school 4 grade students on
success in problem solving. The sampling of the research is
composed of 279 students at elementary school 4" grade. In the
research, in order to figure out reading accuracy percentage and
reading rate, total 5 scales were used: a reading text, prosodic
reading scale, literal comprehension scale, inferential
comprehension scale and problem solving scale. As a result of the
research, when the factors among the reading comprehension
skills were analyzed, it was seen that fluent reading affects literal
comprehension directly and inferential comprehension both
directly and through literal comprehension and that fluent
comprehension explains 31% of the variance in literal
comprehension while both fluent reading and literal
comprehension together explain 58% of the variance in inferential
comprehension. When the research results were analyzed in terms
of the effect of reading comprehension skills on problem solving
skills, it was found that fluent reading skills do not affect problem
solving skills directly, but through literal and inferential
comprehension; that literal comprehension affects problem
solving success both directly and through inferential
comprehension; and that inferential comprehension skill affects
problem solving success directly. As a result of the research, it
was also determined that the variance of fluent reading, literal
comprehension and inferential comprehension skills explains 54%
of the variance in problem solving success. The relation between
these interrelated skills reveals that rather than only as a part of
mathematics lesson, problem solving exercises should be used
interactively with language skills.
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Introduction

Problem solving process is defined as a complicated process requiring multiple skills together.
The constituents of this process are listed as problem comprehension, choosing the required
information among the data, converting this information into mathematical symbols and reaching a
solution through required operations. Although these constituents do not follow a linear path (Olkun
& Toluk, 2004), it is thought that the first and key step of problem solving is reading comprehension
problem and that when reading comprehension process doesn’t occur, meaningless results arise by
using the numbers given in the problem randomly (Mayer, 1985; Polya, 1990; Artzt & Armour-
Thomas, 1992; Hong, 1995; Morales, 1998; Goos, Galbraith, & Renshaw, 2000).

In this context, the independent variables of the research were introduced as fluent reading
and reading comprehension concepts.

Fluent Reading

Fluent reading is defined as reading a text at accurately a proper speed as if speaking. (Bashir
& Hook, 2009; Wilger, 2008; Klauda & Guthrie, 2008; Akyol, 2006; Rasinski, 2004). In the literature,
subcomponents of fluent reading skill are accepted as word recognition (accuracy), automaticity
(reading rate) and prosody (Wilger, 2008; Allington, 2006; Kuhn 2005; Rasinski, 2004) and fluent
reading levels of students is measured upon these constituents (Bastug & Keskin, 2012; Basaran, 2013).

Faultless articulation of the words in a text is defined as word recognition (reading accuracy)
(Basaran, 2013; Akyol, 2006). Logan (1997) referred to the importance of repetitive reading to increase
word recognition level and stated that a student who meets a word he previously read difficultly later
can read it more easily; in other words, s/he recognizes the word. In the studies of Ehri and
McCormick (1998), Hudson, Lane and Pullen (2005), it was determined that word recognition (reading
accuracy) level affects automaticity (reading rate). In a study of Bastug and Keskin (2012), it was found
that word recognition is correlated with literal comprehension at .46 level and to inferential
comprehension at .56 level. In a study of Basaran (2013), it was determined that word recognition level
predicts literal comprehension skills at .52 level while it doesn’t predict inferential comprehension.

Automaticity is defined as recognition of each word in the text read and following the
constructed meaning mentally by comprehending the text fast and sleekly (Stahl & Kuhn, 2002). It was
stated that when automaticity and word recognition aren’t achieved, syllabication, pausing,
turnabouts and falsely-read words during reading will hinder forming comprehension units. It was
determined that when comprehension units aren’t formed, it will be difficult to form a relation both
between the sentence constituents themselves and between the sentences (Kuhn, Schwanenflugel, &
Meisinger, 2010). It was also seen that individuals who haven’t been able to get word recognition
(accuracy) and automaticity (reading rate) skills spend most of their cognitive energy during reading
on accurate articulation and thus might put the main objective of reading, that is comprehension
process, on the back burner (Wilger, 2008; Rasinski, 2004; Samuels, 1979). It was found in a study of
Bastug and Keskin (2012) that reading rate is correlated with literal comprehension at .37 level and to
inferential comprehension at .45 level. It was determined in a study of Basaran (2013) that reading rate
doesn’t predict literal comprehension, but affects inferential comprehension at .21 level.

In order to focus attention on comprehension while reading, students are supposed to have
acquired word recognition and automaticity skills, but this is not enough because students are also
supposed to have acquired the last constituent of fluent reading skill, which is prosodic reading.
Prosody can be defined as reading the text by paying attention to intonation, stress and punctuation
and adjusting volume with reference to the meaning in the text (Zutel & Rasinski, 1991; Kuhn & Stahl,
2003). According to Schwanenflugel, Hamilton, Kuhn, Wisenbaker, and Stahl (2004), prosody is what
gives meaning to reading because prosody can only be felt when meaningful reading is achieved. It
was also revealed in the study that prosodic reading is a significant predictive variable for
comprehension (r=0.58) and that prosody is correlated with automaticity and word recognition skills.
It was found in a study of Bastug and Keskin (2012) that prosody is correlated with literal
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comprehension at .55 level and with inferential comprehension at .66 level. In Basaran’s study (2013),
it was determined that prosody predicts .79 of inferential comprehension.

It was found in the studies of Jenkins and Jewell (1993) that there is a .38 relation between
fluent reading and comprehension of 4t grade students. In their study Vilenius-Tuohimaa, Aunola,
and Nurmi (2008) determined that fluent reading skill affects comprehension skill at .47 level and that
fluent reading skill explains 23% of the variance in comprehension skill. In a study of Yildiz (2013), it
was revealed that fluent reading skill affects comprehension skill at .48 level.

Comprehension

According to Akar, Basaran, and Kara (2016) and Akyol (2006), whatever its definition is,
reading is done to comprehend and this objective is divided into two: comprehending explicit
expressions in a text (literal comprehension) and configuring the meaning from the implicit messages
in a text (making an inference) (Bastug & Keskin, 2012; Basaran, 2013; Yildirim, 2012; Fabrikant,
Siekierski, & Williams, 1999)

According to Kintsch (1988), literal comprehension process consists of two steps: making out
the apparent meaning and making out the text-based meaning. While comprehension of the words
and phrases in a text lets us see that the apparent meaning has been grasped, a case, person, place,
information or a fact given explicitly in the text should be remembered to grasp text-based meaning.
In a way, text-based comprehension lets us find answers for WH-questions (e.g. who, what, where,
when, how) in the text. Kintsch stated that because students won’t know the meaning of some words
or phrases if apparent meaning hasn’t been revealed, text-based meaning cannot be grasped either. On
the other hand, Perkins, Allen, and Hafner (1983) found that only perception of the explicit
information in a text isn’t enough for comprehension, but rather, the implicit message the author is
trying to convey through the text should also be perceived. In order to reveal this message, it is
thought that inferential comprehension should occur (Perkins et al., 1983; Mcgee & Johnson, 2003.)

Inferential comprehension aims to establish empathy between the character in the text and the
reader and to determine why the event in the text is being told, what its effects are on the reader, what
the motives of the main character in the text are, what the main idea the author is trying to convey in
the text is and the cause and effect relations between the events (Keene & Zimmermann, 1997).
Kintsch (1988) expresses inferential comprehension as a situational model and states that establishing
a situational model during comprehension will activate the background information of the reader
about the event and thus richer information units will be reached which are inclined to real life and
whose connection with the background information has been established. It is stated that the main
purpose in reading a text is thought to be inferential comprehension (Wh-questions) but literal
comprehension is a prerequisite for inferential comprehension to occur (Allen, 1985; Kintsch, 1988;
Suk, 1997; Vacca et al., 2006).

In a study conducted by Allen (1985) to determine how inferential comprehension is affected
by literal comprehension, inferential comprehension questions were formed out of three texts and
applied to students. The source texts were each student’s own story, a story of the student’s friend and
a story from the literature respectively. It was seen that the students were more successful in
inferential comprehension questions for their own texts whereas they weren’t in the other two texts.
The follow-up interviews revealed that students” own texts seemed more realistic to them and that
they didn’t have any difficulty in deep comprehension and were more successful because they had
better command of the words and events in their own stories. This finding was interpreted as that
inferential comprehension will be easier when word recognition and literal comprehension occur.
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It was found in a study conducted by Samuels (1979) that cognitive energy is primarily spent
on reading accuracy during the first years when reading skill is acquired while it was determined in
Basaran’s (2013) study that reading accuracy skill predicts literal comprehension skill but doesn’t
predict inferential comprehension skill. In this context, it can be said that inferential comprehension
occurs when sub-skills required for literal comprehension have been acquired. It was found in
Jeanne’s study (1983) that there isn’t a significant difference between individuals who acquired word
recognition skills at early ages and who acquired it at advanced ages in terms of literal
comprehension, but there is a significant difference in favor of those who acquired word recognition
skills at early ages in terms of inferential comprehension. This finding is interpreted as that literal
comprehension skill is affected by word recognition skill but word recognition skill is not adequate for
inferential comprehension skill. On the other hand, Jeanne states that there is a critical age threshold
in acquiring inferential comprehension skill and if not acquired at early ages, it becomes harder to
acquire inferential comprehension skill at advanced ages. Vacca et al. (2006) state that students learn
how to read in the first years of primary education and read to learn in the following years and that
comprehension starts with literal understanding (wh-questions) and later improvements in literal
comprehension skill enhance inferential comprehension. This finding helps us to see that mental
processes at literal comprehension level later serve to construct inferential meaning.

Conceptual Relation Between Reading Comprehension Skills and Problem Solving Skills

Reading comprehension is defined as the fact that the reader reaches a new thought by
synthesizing what s/he has learnt from the text with her/his background knowledge (Akyol, 2006).
Problem solving is defined as doing conscious research to solve any arising problem (Altun, 2005).
Polya (1990) states that research process is a systematic process comprising of comprehending the
problem, planning for solving, applying the plan and backward-looking steps and that the first step,
reading comprehension, affects the other processes.

It was seen in a study conducted by Prakitipong and Nakamura (2006) that comprehension
levels of students with higher problem solving success is high, but there isn’t a big difference between
students with high and low problem solving success in terms of possessing the basic skills of
mathematics. It was found in a study conducted by Wijaya, van den Heuvel-Panhuizen, Doorman,
and Robitzsch (2014) that students with lower problem solving performance make more
comprehension and transformation-based errors than those with higher problem solving performance
and that there is no difference between students with high and low problem solving performance in
terms of mathematical operation based error rates.

In a study conducted by Kroll and Miller (1993) on elementary school students, when
questions were first asked as four operations and the same questions were asked again as problem
texts; it was determined that some students could do four operations but couldn’t solve the problems.
It was found in Tertemiz’s (1994) study that besides four-operation skills, problem comprehension
levels were also higher in students with medium and high problem solving skills, but in contrast,
four-operation skills of students with low success was sufficient.

It was seen in the longitudinal studies of Andersson (2010), Grimm (2008), Jordan, Hanich,
and Kaplan (2003) that the effect of reading comprehension skills on problem solving success
increases over the years. In their study, Jordan et al. (2003) observed the improvement in problem
solving success of students with only comprehension difficulty (AG), only mathematics difficulty
(MG) and normal improvement (NG) from the start of 2nd grade to the end of 31 grade. At the end of
the study, it was observed that although at the start of 24 grade, problem solving success of students
with AG was the same with that of students with NG but higher than that of students with MG, at the
end of 3 grade, it leveled up with that of students with MG, but dropped behind that of students
with NG. Andersson (2010) observed students with MG, AG and NG in terms of problem solving
skills from the start of 4 grade to the end of 5" grade and determined that the difference between
students with NG and students with AG and MG continued incrementally. The reason put forward
for this case was that in parallel with the grade level, both problems got harder and the need for
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reading comprehension increased. These studies reveal that in terms of improving mathematical
skills, reading comprehension skills should be developed at early ages.

In Pape’s (2004) study, students were divided into two groups in terms of problem solving
approaches: those who solve it directly and those solve it with a meaning-based approach. It was
determined that students- who could write the mathematical equation without reading the problem
again, making sense of it in their own ways, forming connections between what was given and what
was wanted, who used the text just to determine the required calculations and who were poor in
reading and understanding- preferred directly solving approach whereas students who saved their
data, absorbed the text content, put forward the solution with its reasons by crosschecking the
operations used meaning-based approach. It was seen at the end of the research that students who
used meaning-based approach could structure the problem better than those who directly solving
approach and reached more meaningful and consistent results. It was observed in the study that
students who used directly solving approach could only use rereading strategy but those who used
meaning-based solving approach took notes, diagrammatized, double checked, adapted the problem
to real life and expressed the result as a sentence.

In the studies conducted by Panasuk and Beyranevand (2010), Moreno and Mayer (1999),
Hegarty, Mayer, and Monk (1995), success of students who used word-based and action-based solving
was analyzed. In word-based strategies, such key words in the problem sentence as “more, less, times”
are chosen and the operations are decided upon these key words (e.g.: if “more” is wanted, addition, if
“less” is wanted subtraction, if “times” is stated multiplication is done). It is accepted in action-based
interpretation that rather than the words, the plot and the relation between the events are analyzed
and the whole problem text is focused on. At the end of the study, it was seen that students with
action-based interpretation were more successful than those with word-based interpretation.

As a result of a study conducted by Verschaffel and De Corte (1993), it was seen that students
with higher success spent 67% of their time interpreting sentences and 33% analyzing the numbers
while students with lower success spend 43% of their time interpreting words and 57% analyzing the
numbers. This finding was interpreted as the fact that sentence-focused solutions were more effective
than sentence and word-focused solutions.

In a study conducted by Hite (2009), it was tried to enhance problem solving skills of
elementary school 5% grade students by providing reading comprehension education. In the study, the
teacher felt that his/her students couldn’t solve four-operation problems and thinking that this might
have resulted primarily from reading comprehension deficiency, s/he also evaluated their reading
comprehension levels and determined that their reading comprehension levels were also low.
Students whose reading level was low were made to listen to a voice recording in which the teacher
was reading the problem and so they were enabled to go to the solution under equal conditions with
the students whose reading comprehension level was high. In another activity, the students were
made to read the problem sentence, their reading was recorded and they were made to listen to it to
underline and correct the parts they misread and then to solve the problem. In another activity,
posters were prepared showing the critical words in the problem and it was aimed to help students
choose the correct operation with reference to these words. At the end of the study, it was seen that
the number of correct answers of the students who had reading comprehension difficulties rose. In an
experimental study conducted by Ulu (2011), it was observed that elementary school 5t grade
students’ problem solving success rose as a result of a 22-hour reading comprehension education
without problem solving activities.

97



Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

In a study conducted by Grimm (2008), students’ improvements in mental calculation,
prediction, calculation on paper, problem solving, comprehension and learning areas (numbers,
geometry, data, probability) from the beginning of 3 to the end of 8 grade. At the end of the study, it
was seen that the comprehension skills acquired at 3 grade predicted the improvement in problem
solving success most followed by improvements in learning areas and calculation skills.

In a study conducted by Vilenius-Tuohimaa et al. (2008) on elementary school 4% grade
students, the relation between students’ fluent reading (speed, accuracy, word association),
comprehension (cause and effect relation, making an inference, finding the main idea, idiomatic
knowledge) and problem solving skill was researched. At the end of the study, it was found that when
fluent reading skill was involved in the model, there was a .67 correlation between comprehension
skill and problem solving skill, but when fluent reading scores were checked, the correlation between
comprehension skill and problem solving skill decreased (r=.47) and fluent reading skill explained
18% of problem solving variance. This allows us to see the effect of fluent reading on comprehension
and problem solving success.

In the light of the information above, two different models were structured and tested. In the
first of these models (Model 1) fluent reading skills were composed of word recognition (accuracy),
automaticity (reading rate) and prosody (Wilger, 2008; Rasinski, 2004; Kuhn, 2005; Allington, 2006)
dimensions. Comprehension process was analyzed at two levels: literal and inferential comprehension
(Bastug & Keskin, 2012; Basaran, 2013; Fabrikant et al., 1999; Yildirim, 2012; Calvo, 2004). Because
fluent reading skills were seen to predict literal and inferential comprehension in a study of Bastug
and Keskin (2012), Basaran (2013), paths were drawn from fluent reading to literal and inferential
comprehension that defined the relations.

It was determined that confirmatory factor analysis was used to define the relation between
fluent reading and problem solving skill in another study (Vilenius-Tuohimaa et al., 2008). Moreover,
fluent reading skills entered the above-mentioned study not as a numeric but as a categorical variable
(good reader, poor reader) and while it was determined that fluent reading had an effect on problem
solving skill, whether this effect was direct or indirect wasn’t determined. In this context, in order to
test the relation between fluent reading skills and problem solving skill by using structural equation
model, a path was drawn from fluent reading to problem solving that defined the relation.

Kispal (2008) defined the skill to make an inference as using two or more explicit data in a text
to reach the third datum not given explicitly in the text whereas Pressley (2000) defined it as revealing
the mental models staying in the background of the information in the text. Chikalanga (1992) and
Zwiers (2004) stated that the propositions in the text and priori knowledge of the reader should be
integrated in order to actualize the skill to make an inference. Kispal (2008), Chikalanga (1992), Zwiers
(2004), Pressley (2000) and Kintsch (1988) stated that an individual who made an inference during
reading comprehension was at the same time reasoning. The role of reasoning during problem solving
was defined as reaching a solution by integrating every proposition in the problem text in a logical
consistency (Leighton & Sternberg, 2004). With reference to the definitions above, significant
resemblances are seen between inferential comprehension during reading comprehension and
reasoning skill during problem solving. Background information should be activated other
information should be reached with reference to the explicit information in the text both in inferential
comprehension during reading comprehension and in reasoning during problem solving. Literature
shows that a positive relation exists between problem solving and reasoning skills (Barbey & Barsalou,
2009; Celik & Ozdemir, 2011; Cetin & Ertekin, 2011; Umay, 2003; Yurt & Siinbiil, 2014). Also, in the
studies conducted by Polat and Kesan (2013), Grimm (2008), Vilenius-Tuohimaa et al. (2008), Plomin
and Kovas (2005), because comprehension skills were seen to have a relation with problem solving
skill, a path that defines the relations was drawn from literal and inferential comprehension to
problem solving skill.
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Although no relational study has been found in literature that says literal comprehension skill
predicts inferential comprehension skill, a strong opinion occurred in the studies carried out on
students that literal comprehension affects inferential comprehension (Allen, 1985; Kintsch, 1988; Suk,
1997; Vacca et al., 2006). In this context, with a reference to the assumption that literal comprehension
predicts inferential comprehension, Model 2 was obtained by adding a path -from literal
comprehension to inferential comprehension- to Model 1 that defined the relation.

In the studies conducted by Wijaya et al. (2014), Ulu (2011), Singh, Rahman, and Hoon (2010),
Clements and Ellerton (1996), Clarkson (1991), Marinas and Clements (1990), Clements (1982),
Clarkson (1980), it was found that elementary school students made reading comprehension-based
errors during problem solving between 25% and 75%. On the other hand, in a study conducted by
Jordan, Kaplan, and Hanish (2002), it was determined that reading comprehension difficulty predicts
mathematical difficulty but mathematical difficulty doesn’t predict reading comprehension difficulty.
However, it was determined that some dimensions weren’t examined in the studies analyzing the
relation between reading comprehension and problem solving skill. For example, Polat and Kesan
(2013), Grimm (2008), Plomin and Kovas (2005) looked into the relation between comprehension skills
and problem solving skills but no evaluations were done about reading dimension. Although
Vilenius-Tuohimaa et al. (2008) looked into reading dimension, it was seen that prosodic reading
dimension wasn’t included in the model. In this mentioned study, reading skills entered the model
not as a numeric but as a categorical variable (good reader, poor reader), whether the effect of fluent
reading on problem solving skill is direct or through comprehension wasn’t determined.
Comprehension skill wasn’t categorized as literal and inferential comprehension and problems were
only composed of routine problems. Also, the model wasn’t tested as a structural equation model but
a confirmatory factor analysis.

In this context, both for Turkey and for the foreign literature, there is a need to set up and test
a structural model showing the effect sub-dimensions of fluent reading skills and sub-dimensions of
comprehension skills on problem solving skills. Thus, the hierarchical relations between fluent
reading and comprehension types, between fluent reading and problem solving skills, and between
comprehension types and problem solving skills will be seen. When the relations are determined,
which skills contribute to the development of problem solving skill more, which skills affect problem
solving skills directly and which skills affect problem solving skills indirectly, how much of the
change in problem solving skill is explained by the change in language skills will be determined.
Diagram 1 shows Model 1 and Model 2 tested in the research.
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PROBLEM1

PROBLEM1

Model 1: The model in which the direct effects ofModel 2: The model in which the direct and
literal meaning on problem solving success. indirect effects of literal meaning on problem
solving success.

Diagram 1. Hypothesis Model

H1: Fluent reading affects literal comprehension skill directly and positively.
H2: Fluent reading affects inferential comprehension skill directly and positively.

H3: Literal comprehension has a partial intermediary role in the effect of fluent reading on
inferential comprehension skill (constructed within the scope of 2rd model).

H4: Literal comprehension affects inferential comprehension skill directly and positively
(constructed within the scope of 2nd model).

H5: Fluent reading affects problem solving skill directly and positively.

Heé: Literal and inferential comprehension has a partial intermediary role in the effect of fluent
reading on problem solving skill.

H?7: Literal comprehension affects problem solving skill directly and positively.

HS8: Inferential comprehension has a partial intermediary role in the effect of literal
comprehension on problem solving skill (constructed within the scope of 2 model).

HO: Inferential comprehension affects problem solving skill directly and positively.
Method

This research questioning the existence of the effect of fluent reading (word recognition,
automaticity, prosody) and comprehension (literal comprehension and inferential comprehension)
skills on problem solving skill and the effect level was conducted as predictive screening model. In
predictive correlational research, relations between two or more variables are analyzed and the other
variable is tried to predict with reference to the variables (Biiyiikoztiirk, Kilig Cakmak, Akgiin,
Karadeniz, & Demirel, 2011, p. 277).

Population and Sampling

The population of the research is composed of 4t grade students at 26 state schools during
2015/2016 education period in the city of Kiitahya. Because it would be difficult to reach them all,
using proportional sampling method, a study group was formed. Karasar (2005) suggests choosing a
study group using cluster sampling method when the elements in the population cannot be selected
one by one. In cluster sampling method, the fair chance of being chose is not for the elements but for
the clusters with all their elements. In proportional cluster sampling, while choosing the clusters, a
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variable considered important for the population is categorized and by classifying the groups in the
population according to this variable, they are divided into sub-populations. While choosing clusters
out of these sub-populations, the ratio of the sub-population in the population is taken into account.

After 4+4+4 education system, elementary schools were divided into two: elementary and
secondary schools, which made choosing the clusters to be included into the sample difficult because
there wasn’t a standard scale to evaluate elementary schools. This challenge was tried to be sorted out
by taking TEOG YEP (the exam to pass from elementary to secondary school) results as a scale. In this
context, if the secondary school in the sampling had an elementary school, the clusters were chosen
from these schools, but if not, the clusters entering the sampling were chosen from the elementary
school which sent the most number of students to that secondary school.

While doing proportional sampling method, in order to be able to divide 26 state secondary
schools in the city of Kiitahya (the schools in the villages weren’t included because it would have
caused difficulties in applying the assessment tools), which constituted the research population,
2014/2015 education period TEOG YEP results were taken as a scale. In this context, to form the
sampling, with a reference to TEOG YEP average success scores of each of the 26 state schools, TEOG
YEP standard deviation value was computed for the city of Kiitahya. Later, with a reference to TEOG
YEP averages, these 26 schools were divided into sub-populations. Diagram 2 gives the findings.

275.45 308.92 342.39
4th sub-population 3rd sub-population 2nd sub-population 1st sub-population
Level: Lowest Level: Low Level: High Level: Highest
Total: 3 schools (%11.53) Total: 13 schools (%50.00) Total: 5 schools (%19.23) Total: 5 schools (%19.23)
Sampling: 1 school Sampling: 3 schools Sampling: 1 school Sampling: 1 school
|
-1 0 +1

Diagram 2. Dividing the 26 State Schools in the city of Kiitahya Forming the Research Population
According to 2014/2015 TEOG YEP Results

According to Diagram 2, the mean 2014/2015 TEOG YEP score of the city of Kiitahya is 308.92
and standard deviation is 33.47. While dividing these 26 schools into sub-populations, mean and
standard deviation scores were regarded as a scale. The schools whose mean scores were higher than
2014/2015 TEOG YEP Kiitahya mean score were considered successful and those with lower scores
were considered unsuccessful. The schools among the successful ones with standard scores between 0
and +1 were classified as with “high” success and those with standard scores over +1 were classified as
with “highest” success. The same classification was done for unsuccessful schools as those with
standard scores between 0 and -1 as with “low” success and those with standard scores over -1 as with
“lowest” success. With a reference to this classification, the 26 secondary schools in the city of Kiitahya
were divided into sub-populations as 5 with “highest” success (19.23%), 5 with “high” success
(19.23%), 13 with “low” success (50%) and 5 with “lowest” success (11.53%). After this, the research
sampling as chosen out of these 26 schools divided into sub-populations.

Sampling

According to Diagram 2, it is seen that the overall of the schools in the sub-populations
accumulated in the area with -1 mean and 0 standard deviation, while proportionally fewer schools
remained between 0 and +1 and over +1 and below -1. While choosing the school to be included into
the sampling, this system was taken into account and the number of schools representing each sub-
population was determined by proportioning it to the number of schools in the population. Table 1
shows the schools constituting the research sampling, their departments and number of students.
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Table 1. Success Level of the Schools Constituting the Study Group and Student Distribution in the
Chosen Departments

Ziho"l School 2014/2015 20142005 o
ceess choots TEOG YEP  TEOGYEP ~ cParime °
Level
) A 24 8.60
Highest School A 361.98 3
B 22 7.88
Elementary school A 26 9.31
High sending students to 333.01 8
school B C 19 6.81
C 24 8.60
School C 297.13 14
D 25 8.96
Elementary school B 23 8.24
Low sending students to 292.85 17
school D D 21 7.52
A 27 9.67
School E 286.07 20
D 24 8.60
B 28 10.03
Lowest School F 260.86 25
C 16 5.37

According to Table 1, 6 schools were determined using unbiased appointment method: 1
school from 5 schools with “highest” success rate, 1 school from 5 schools with “high” success rate, 3
schools from 13 schools with “low” success rate and 1 school from 3 schools with “lowest” success
rate. The chosen schools represent 23.07% of the schools in the city of Kiitahya. In terms of the 4t
grade department numbers of these schools, some schools had 5 some had 4 and some had 3
departments, so the study group was composed choosing 2 departments from each of the 6 schools
because the number of departments wasn’t equal. While choosing the departments, in the light of the
information gathered from the school administrators, great care was taken to choose the departments
that represented the category of the school best. For example, 1 out of 5 schools with “highest” success
level was chosen using unbiased appointment method and became “School A”. While choosing 2
departments from this school, since the school was in the category of school with “highest” success, in
the light of the opinions of its administrator, 2 departments with the highest success level among the
4t grades at this school were included into the sampling. The names of the schools in the sampling
and the 4t grade departments weren’t given and instead, codes 1 and 2 were used. Because five
different data gathering tools were applied on different days, it was seen that some students didn’t
attend one or more tests and so these students were excluded. Also, it was seen that some classes had
inclusive students and so these students were excluded as well. As a result, the sampling was
composed of 6 schools 12 departments and 279 4t grade students. Streiner (1994) emphasizes that in
structural equation model studies, sampling size should be at least 10 times the variable number. Since
23 variables exist in this study, it can be said that the research sampling bears this criterion. In the
study, 54.12% (151) of the students are male and 45.88% (128) are female.

Data Gathering
Evaluating fluent reading skill: Fluent reading skill was evaluated in three dimensions: word
recognition (accuracy) dimension, automaticity (rate) dimension and prosody dimension.

While evaluating word recognition and automaticity dimensions, a reading text comprised of
182 words and called “Odiil”, which had been used by Keskin (2012) to evaluate fluent reading skills
of 4t grade students, was used. Each student was made to read the text and it was recorded to
determine word recognition levels of the students. Before reading, students were reminded that “it
wasn’t a speed reading contest; they were supposed to read as fast as possible but the main purpose
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was to comprehend the text”. Later, the video recordings were analyzed using the Informal Reading
Inventory developed by Harris and Sipay (1990) and adapted to Turkish by Akyol (2006) and with a
reference to the inventory, repetitions during reading, omissions, insertions, reversals, substitutions
and mispronunciations were regarded as reading errors. In this context, the number of words read
accurately and the total number of words (inaccurately read words included) read by each student per
minute were found. According to Caldwell (2008) and Rasinski and Hamman (2010), word recognition
(reading accuracy) percentage is found using “the number of words read accurately per minute/total
number of words read per minute x 100” formula. Automaticity (reading rate) is obtained with the
number of words read accurately per minute. With a reference to these formulas, reading accuracy
percentage and reading rate of each student were determined.

In order to evaluate the third dimension of fluent reading, prosody, a reading text comprised
of 150 words and called “Tiyatro” used by Keskin (2012) to evaluate fluent reading skills of 4t grade
students, was used. In order to determine prosodic reading levels of the students, prosodic reading
scale comprised of 15 items and developed by Bastug and Keskin (2011) was used. The scale with
minimum score 0 and maximum score 60 was one-dimensional with Croncbach alpha coefficient .98.
In this context, each student was made to read the text and it was recorded to determine word
prosodic reading levels of the students. The video recordings were scored by three experts who had
completed their PhD on reading comprehension in elementary school teaching using prosodic reading
scale. In order to see the reliability of the scoring done by using prosodic reading scale Weighted
Kappa coefficient was checked. The data obtained from Kappa coefficient are interpreted as “Poor
agreement=< 0.20; Acceptable agreement=0.20-0.40; Medium agreement=0.40-.60; Good
agreement=0.60-0.80; Absolute=0.80-1.00" (Sencan, 2005, p. 485). Accordingly, concordance among the
scorers was found .68, which can be said to be good agreement. Prosodic reading score of each student
was obtained by taking the mean of the scores which scorers gave to prosodic reading scale. In order
to determine validity of the scale with a reference to the mean scores, confirmatory factor analysis
(DFA) was done and it was seen that the fit indices of the model set up with the one-factor structure of
the scale (x?/sd=0.698, RMSEA=0,038, TLI=0,93, [FI=0,95, GFI=0.97) were sufficient.

Evaluating comprehension skill: Comprehension skill was evaluated in two dimensions: literal
and inferential comprehension.

In order to evaluate literal comprehension skill (Wh-questions), a text- which was developed
by Basaran (2013), consisted of 336 words and was called “Kasabanin Kahramani”- and 5 short-answer
questions- which were prepared with a reference to this text, evaluated directly the remembering level
of the information and whose validity and reliability were checked by expert opinion- were used.
Because it was seen during pilot scheme that 8 minutes was enough for text reading and 7 minutes
was enough to answer the questions in the text, the implementation process were structured with a
reference to these durations. During implementation, students were given two sheets of paper: one
involving the reading text and the other 5 simple comprehension questions at remembering level
about the text; when the time for reading (8 min.) was over, the first paper was collected and when the
time for answering (7 min.) was over, the other paper was collected. The answers of the students were
scored as 2, 1, 0 from precise answers to inaccurate answers. While loading the data statistically,
replies to each question were coded and no scoring operation was done at this stage. Later, the codes
were analyzed by experts who had completed PhD on reading comprehension in elementary school
teaching; domain experts scored each code by reading the text. The codes on which statistical means
were loaded were turned into scores with a reference to expert opinions and so literal comprehension
score given by each expert to each student was obtained. In order to determine reliability of this
scoring, the relation between the scores given by three experts to students was analyzed using
Weighted Kappa test and the value thus obtained (r=.81) showed that there was a good agreement
among scorers. Later, having the average of the scores given by the experts, literal comprehension
score was obtained for each student. With a reference to the mean scores, in order to determine
validity of the scale, confirmatory factor analysis (DFA) was conducted and it was seen that the fit
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indices of the model with the one-factor structure of the scale (x?/sd=1.638, RMSEA=0,040, TLI=0,91,
[F1=0,95, GFI=0.99) were sufficient.

In order to evaluate inferential comprehension skill, a text- which was developed by Basaran
(2013), consisted of 226 words and was called “Mantarlar”- and a scale- which was prepared with a
reference to the text, whose reliability and validity were assured upon expert opinion and which
consisted of 5 questions- were used. The questions in the scale consisted of such implicit questions as
finding the main idea, finding a title, lessoning, developing empathy, forming cause and effect
relation. Because it was seen during pilot scheme that 15 minutes was enough to answer the test, the
implementation process were structured with a reference to this duration. The answers of the students
were scored as 3, 2, 1, 0 from precise answers to inaccurate answers. While loading the data
statistically, replies to each question were coded and no scoring operation was done at this stage.
Later, the codes were analyzed by experts who had completed PhD on reading comprehension in
elementary school teaching; domain experts scored each code by reading the text. The codes on which
statistical means were loaded were turned into scores with a reference to expert opinions and so
inferential comprehension score given by each expert to each student was obtained. In order to
determine reliability of this scoring, the relation between the scores given by three experts to students
was analyzed using Weighted Kappa test and the value thus obtained (r=.64) showed that there was a
good agreement among scorers. Later, having the average of the scores given by the experts,
inferential comprehension score was obtained for each student. With a reference to the mean scores, in
order to determine validity of the scale, confirmatory factor analysis (DFA) was conducted and it was
seen that the fit indices of the model set up with the one-factor structure of the scale (x?/sd=1.467,
RMSEA=0,052, TLI=0,95, IFI=0,96, GFI=0.98) were sufficient.

Problem solving scale: Problem solving scale was composed of 10 four-operation problems used
in the studies of Ulu (2011), Altun (2005), Yazgan and Bintas (2005), Altun and Arslan (2006), Liang
(2007), Pantziara, Gagathis, and Elia (2009), Griffin and Jitendra (2008). Validity of the scale was
assured through expert opinion. During scale set up, great care was taken to the fact that the selected
questions would consist of such problems that would enable to use strategies as different as possible.

Reliability and validity studies of the scale were conducted on 124 4t grade students at schools
in the city of Kiitahya whose means were very close to one another according to 2014/2015 YEP scores.
In order to determine reliability and validity of the scale, firstly, item difficulty and item
discrimination indices of each question and later, reliability coefficient of the scale (KR20) were
computed. According to Karaca (2006), Tekin (1997) and Yilmaz (1998), item difficulty index ranged
from 0 to 1, items with difficulty indices ranging from 0.30 to 0.70 were at average difficulty level. Item
difficulty indices of the questions in the scale ranged from 0.32 to 0.48, which showed that all the
questions in the test were at medium difficulty. Discrimination index varied between -1 and +1. When
this value is 0.40 and above, the items are considered discriminative (Karaca, 2006; Tekin, 1997;
Yilmaz, 1998). Discrimination indices of the items in the test ranged from 0.43 to 0.64, which showed
that all the items were discriminative. KR20 value computed to determine internal consistency of the
scale was found 0.84. When KR20 value is 0.70 and above, it means that internal consistency and
reliability of the test are high (Biiyiikoztiirk, 2006). According to Sekercioglu, Bayat, and Bakir (2014),
factor analysis of the scales scored as 0-1 should be conducted on tetrachoric correlation matrice.
Because problem solving scale is scored as 0-1, construct validity (factor analizi) of the scale was done
on tetrachoric correlation matrice. According to the analysis result, the fact that KMO value was .898
shows that the scale has sufficient sampling size for factor analysis and Barlett test results (X2us)
=881.338; p<.01) show that the variables have equal variance (Biiyiikoztiirk, 2006). As a result of
analysis, factor loads of the scale items varied between .898 and .496 and since factor loads were
sufficient, it was decided to keep all the items in the scale (Biiyiikoztiirk, 2006). It was also seen that
with its one-dimension structure, the scale explains 66.32% of problem solving variance.
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Because it was seen during pilot scheme of problem solving scale that 40 minutes was enough
for solving, the implementation process were structured with a reference to this duration. While
determining the problem solving success scores of the students, 1 point was given to correct answer
and 0 point was given to wrong answer.

Data Analysis

During the analysis of the findings, structural equation models, which have especially been
increasingly important in social sciences, were used (Cetin & Fikirkoca, 2010). To see compliance of
the model acquired out of the analyses results, such compliance indices as “Chi-Square/ degrees of
freedom (x2/sd), Root Mean Square Error of Approximation (RMSEA), Incremental Fit Index (IFI),
Tucker-Lewis Index (TLI), Comparative Fit Index (CFI)” were tested (Byrne, 2010; Schermelleh Engel,
Moosbrugger, and Miiller, 2003; Simsek, 2007).

Findings

In this study, the effect of fluent reading skills [speed, word recognition rate (wrr), prosody],
literal comprehension (LC) and inferential comprehension (IC) levels of elementary school 4% grade
students on problem solving success in problem solving success was researched. Whether literal
comprehension and inferential comprehension have an intermediary role in the effect of fluent
reading on problem solving success and whether inferential comprehension has an intermediary role
in the effect of literal comprehension on problem solving success were also researched. For this
purpose, descriptive statistics and correlation values of the variables in the research were analyzed.
Table 2 shows the relevant data.

Table 2. Correlation and Descriptive Statistics of the Variables in the Model

(Slf:t‘:)i WRR  Prosody LC IC Is’:;‘]::zl;

Speed (Rate) 1.00 636 446" 354" 363" 320"
WRR 636" 1.00 528" 373" 301" 323"
Prosody 446" 528 1.00 448" 549" 249

LC 354" 373" 448" 1 519" 427"

IC 363" 301" 549" 519" 1 423"
Problem Solving 320" 323" 249" 427" 423" 1

Mean 10030 9310  31.12 5.98 8.42 3.13
Standard Deviation 2223 8.68 11.70 2.20 2.95 2.68

N 279 279 279 279 279 279

** Significant at 0.01 level.

Biiyiikoztiirk (2006) states that a correlation of 0-0,29 between two variables is low, that of .30-
0.69 is medium and that of 0,70-1.00 is high. According to Table 2, while there is a low relation
between problem solving success scores and prosody scores, a medium level and positive relation
between all the other variables. The mean scores obtained from the scale were found as 100.30 for
speed, 93.10 for reading accuracy percentage, 31.12 for prosody, 5.98 for literal comprehension, 8.42
for inferential comprehension and 3.13 for problem solving.

Results of the Research Hypotheses

Findings of Testing of Model 1

In the research, Model 1 was tested first and it was concluded that fluent reading skill doesn’t
affect problem solving skill directly. In this context, H1 was rejected. Testing of Model 1 continued by
omitting the path between fluent reading and problem solving skill. Table 3 shows values of fit index
of Model 1.
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Table 3. Scale Values of Fit Indices and Values of Fit Index of Model 1

Values Obtained From

Fit Indices Good Fit Acceptable Fit Model 1
x?/sd 0<x?/sd0<2 2<x?/sd <5 1.35
RMSEA 0<RMSEA £.05 .05 <RMSEA < .08 .03

IFI 0.95 < TFI< 1.00 0.90< <IFI1<0.95 .95

TLI 0.95< TLI< 1.00 0.90 < TLI<0.95 94

CFI 0.95<CFI<1.00 0.90<CFI1<0.95 .95

GFI 0.95<GFI<1.00 0.90<GFI<0.95 92

According to Table 3, fit indices of Model 1 (x?/sd=1.35; RMSEA=0.03; IFI=0.95; TLI=0.94;
CFI=0.95; GFI=.92) are good and acceptable. Table 4 shows the total, direct and indirect effects of
dependent and independent variables in Model 1.

Table 4. Total, Direct And Indirect Effects Of Dependent And Independent Variables In Model 1

Independent Dependent Total Direct Indirect Standard CR
Variable Variable Effect Effect Effect Error o
Fluent Literal 448 448 012 4518+
Reading Comprehension
Fluent Inferential 571 571 006 37747
Reading Comprehension
F1

uent Problem Solving 463 463
Reading
Literal .

. Problem Solving 421 421 .069 3.424%%

Comprehension
Literal

rera . Problem Solving 480 480 033 3.729%%
Comprehension

**significant at 0.01 level.

According to Table 4, fluent reading has direct effect on literal comprehension ((3=0.45,
c.r.=4.518, p<.01) and inferential comprehension (3=0.57, c.r.=3.774, p<.01) while literal comprehension
($=0.42, c.r=3.424 p<.01) and inferential comprehension ($=0.48, c.r.=3.729, p<.01) have direct effect on
problem solving skill. It is also seen that fluent reading skill doesn’t have a direct effect but an indirect
effect (3=0.46) on problem solving skill; besides, literal comprehension and inferential comprehension
is intermediary in this effect. In order to determine significance of the intermediary effect of literal
comprehension and inferential comprehension, Sobel z test was conducted. The results show that the
intermediary effects of literal comprehension (sobel z= 6.08, p<.01) and inferential comprehension
(sobel z= 14.37; p<.01) in the effect of fluent reading on problem solving skill are significant. Variance
rates in Model 1 show that fluent reading explains 31% of the variance in literal comprehension and
33% of the variance in inferential comprehension whereas fluent reading, literal comprehension and
inferential comprehension explain 46% of the variance in problem solving. Diagram 3 shows Model 1.
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Findings of Testing of Model 2
Model 2 was developed to determine whether inferential comprehension has an intermediary
effect in the effect of literal comprehension on problem solving success. Table 5 shows the findings.

Table 5. Scale Values of Fit Indices and Values of Fit Index of Model 2

Values obtained from

Fit Indices Good fit Acceptable fit Model 2
x?/sd 0<x%/sd0<2 2<x%/sd <5 1.29
RMSEA 0<RMSEA <.05 .05 <RMSEA <.08 .03

IFI 0.95 <IFI< 1.00 0.90< <IF1<0.95 .96

TLI 0.95< TLI< 1.00 0.90 < TLI<0.95 .95

CFI 0.95<CFI<1.00 0.90<CFI<0.95 96

GFI 0.95<CFI<1.00 0.90<CFI<0.95 92
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Table 5 shows that fit indices of Model 2 (x%/sd=1.29; RMSEA=0.03; IFI=0.96; TLI=0.95;
CFI=0.96; GFI=.92) are good and acceptable. Table 6 shows the total, direct and indirect effects of
dependent and independent variables in Model 1.

Table 6. Total, Direct and Indirect Effects of Dependent and Independent Variables in the Model

Independent Dependent Total Direct Indirect  Standard

. . CF
Variable Variable Effect Effect Effect Error
Fluent Literal 426 006 3.718"
Reading Comprehension
Fluent Inferential - o 343 233 011 3.474%*
Reading Comprehension
Literal . Inferential . 547 547 150 3.404%
Comprehension = Comprehension
FlueITt Prob-lem 416 416
Reading Solving
Literal - Problem 544 251 293 135 2.691%
Comprehension  Solving
Inferential . Prob.lem 536 536 076 3104
Comprehension  Solving

** significant at 0.01 level.

Table 6 shows that fluent reading has a direct effect on literal comprehension ($=0.43,
c.r.=3.718, p<.01) and inferential comprehension (3=0.34, c.r.=3.474, p<.01); that fluent reading also has
an indirect effect on inferential comprehension (=0.23) and that literal comprehension is intermediary
in this effect. In order to determine significance of intermediary effect of literal comprehension, Sobel z
test was conducted and the results showed that intermediary effect of literal comprehension (sobel
z=3.61, p<.01) is significant. It was also found that fluent reading has an indirect effect on problem
solving skill (3=0.42) and literal comprehension and inferential comprehension is intermediary in this
effect. Sobel test showed that intermediary effects of literal comprehension (sobel z= 1.85, p<.05) and
inferential comprehension (sobel z= 4.24, p<.01) are significant. The research results showed that literal
comprehension (=0.55, c.r=3.424, p<.01) has an effect on inferential comprehension. Another finding
was that literal comprehension (=0.25, c.r.=2.691, p<.01) and inferential comprehension (3=0.54,
c.r.=3.124, p<.01) have direct effects on problem solving skill, but literal comprehension skill also has
an indirect effect (3=.29) on problem solving skill and inferential comprehension is intermediary in
this effect. Sobel z test results conducted to determine significance of intermediary effect of inferential
comprehension showed that intermediary effect of inferential comprehension in the effect of literal
comprehension (sobel z= 3.22; p<.01) on problem solving skill. The variance rates in Model 2 show that
fluent reading explains 31% of the variance in literal comprehension and fluent reading and literal
comprehension explain 58% of the variance in inferential comprehension whereas fluent reading,
literal comprehension and inferential comprehension explain 54% of the variance in problem solving.
Model 2 is given in Diagram 4.
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Diagram 4. Regression Values of Model 2

In this context, except for the fifth hypothesis of the research, all the others are accepted.
Discussion, Conclusion and Suggestions

In this research, the relations between fluent reading, literal comprehension and inferential
comprehension variables and the effects of these variables on problem solving skill were researched
using structural equation modeling. For this purpose, in the light of theoretical basis and the
literature, two structural regression models (Model 1, Model 2) were set up and these models were
tested with the hypotheses.

In the context of the first hypothesis, the effect of fluent reading skill on literal comprehension
skill was analyzed and the hypothesis was accepted. No holistic research was found in the literature
analyzing the effect of fluent reading skill on literal comprehension skill, but some researches were
found analyzing the effect of the sub-dimensions of fluent reading on literal comprehension. Bastug
and Keskin (2012) found a medium-level relation between literal comprehension and word
recognition level and between reading rate and prosodic reading level. Bagsaran (2013) concluded that
word recognition level predicts literal comprehension skill but reading rate and prosody don’t. In this
context, the research results- by going one step further than those obtained in the studies of Bastug
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and Keskin (2012), Basaran (2013) revealed that fluent reading affects literal comprehension.
Moreover, at the end of the study, it was concluded that fluent reading explains almost 31% of the
variance in literal comprehension.

Within the context of the second hypothesis, the effect of fluent reading skill on inferential
comprehension skill was analyzed and the hypothesis was accepted. In the first model developed
within the scope of the research, it was seen that fluent reading skill affects inferential comprehension
skill at .571 level. In the second model, this effect rate rose to .576 and showed just a little increase, but
the path coefficient between fluent reading skill and inferential comprehension fell down to .343, the
main reason for which was the intermediary effect of literal comprehension between fluent reading
and inferential comprehension at .233 level. In the effect of fluent reading on inferential
comprehension, the partial intermediary role of literal comprehension was considered significant and
the third hypothesis developed within the scope of the second model was accepted. Also, since a
significant effect of literal comprehension on inferential comprehension at .547 level, the fourth
hypothesis of the research was accepted as well. It was seen in the first model in which the direct
effect of fluent reading was observed on inferential comprehension skill that fluent reading skills
explain 34%of the variance in inferential comprehension whereas it was seen in the second model in
which both direct effects of fluent reading and its indirect effects through literal comprehension were
analyzed that the variance explained by inferential comprehension rose to 58%. The fact that the
intermediary effect of literal comprehension on inferential comprehension raised the variance in
inferential comprehension 24% helped us to see the effect of literal comprehension on inferential
comprehension. No relational study was found in the literature about the fact that literal
comprehension has an intermediary role in the effect of fluent reading on inferential comprehension
or that literal comprehension affects inferential comprehension directly. However, in the
implementations conducted on students, there are strong opinions about the intermediary role of
literal comprehension between fluent reading and inferential comprehension (Allen, 1985; Kintsch,
1988; Suk, 1997; Vacca et al., 2006), which are confirmed by these research findings. Samuels (1979),
Vacca et al. (2006) stated that students spend their cognitive energy on reading accuracy during the
first years of basic education and read to learn in the following years, comprehension first starts with
literal comprehension (Wh-questions) and later improvements in literal comprehension skills develop
inferential comprehension. Allen (1985) determined that students can easily set up inferential
comprehension in stories in which they are able to handle literal comprehension questions, which
helps to see that fluent reading and literal comprehension are prerequisite for inferential
comprehension.

It was concluded in the studies of Jenkins and Jewell (1993), Vilenius-Tuohimaa et al. (2008),
Yildiz (2013) that fluent reading skills affect comprehension skills. The fact that it was seen at the end
of the study that fluent reading skill affects both literal comprehension and inferential comprehension
shows that it also affects comprehension as a whole. In this context, it can be said that the research
findings correspond to those in the studies of Jenkins and Jewell (1993), Vilenius-Tuohimaa et al.
(2008), Yildiz (2013).

Within the scope of the fifth hypothesis of the research, the effect of fluent reading on problem
solving skill was researched and it was seen that there wasn’t a direct effect in either model and so the
hypothesis was rejected. Within the scope of the sixth hypothesis of the research, whether there is an
intermediary effect of literal and inferential comprehension in the effect of fluent reading on problem
solving skill was researched and the hypothesis was accepted. This enabled to see that fluent reading
affects problem solving not directly but through literal and inferential comprehension. While the
amount of indirect effect was .463 in the first model, fell down to .416 in the second model due to the
effect of literal comprehension on inferential comprehension. It was found in the study of Vilenius-
Tuohimaa et al. (2008) that fluent reading affects problem solving skill, but since the model was tested
with confirmatory factor analysis, whether the effect was direct or indirect couldn’t be determined.
Because it was seen at the end of the research that fluent reading affects problem solving skills not
directly but through literal comprehension and inferential comprehension, it is thought that the
research fills a gap in the literature.
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Within the scope of the seventh hypothesis of the research, the effect of literal comprehension
on problem solving skill was researched and the hypothesis was accepted because the effect was
significant in both models. While the direct effect of literal comprehension on problem solving skill
was .421i this number fell down to .251 in the second model, but compared to the first model, the total
effect amount rose and reached .544. the main reason for this situation is that inferential
comprehension has an intermediary role in the effect of literal comprehension on problem solving at
.293 level. The eighth hypothesis set up to determine the significance of this intermediary role was
tested and then accepted because the intermediary role was significant. This situation helps to see that
the indirect effect of literal comprehension on problem solving skill is more than the direct effect.
Literal meaning is defined as remembering the information given explicitly in the text and is thought
to occur more at word recognition level and to be the prerequisite for inferential comprehension
(Samuels,1979; Allen, 1985; Kintsch, 1988; Suk, 1997; Vacca et al., 2006; Basaran, 2013). In the light of
these studies, the fact that the direct effect of literal comprehension on problem solving skill is
significant reveals the necessity to find answers for Wh-questions in the problem text for solution. The
reason for finding the direct effect low might be due to the fact that problem solving success of
students who go for solutions upon such key words as “more, less, times” was found low in the studies
of Panasuk and Beyranevand (2010), Moreno and Mayer (1999), Hegarty et al. (1995). The fact that
literal comprehension affects problem solving skill through inferential comprehension reveals the
necessity for students to reason with a reference to Wh-questions in the problem text.

Within the scope of the ninth and last hypothesis of the research, the effect of inferential
comprehension on problem solving skill was analyzed and the hypothesis was accepted. While the
effect of inferential comprehension on problem solving was .480 in the first model, this rate was seen
to increase to .536 with the intermediary effect of literal comprehension in the second model. The
variable that affects problem solving success most in both models was inferential comprehension.
Kispal (2008), Chikalanga (1992), Zwiers (2004), Pressley (2000), Kintsch (1988) found that reasoning is
done during structuring inferential meaning while Barbey and Barsalou (2009), Celik and Ozdemir
(2011), Cetin and Ertekin (2011), Umay (2003), Yurt and Siinbiil (2014) found that reasoning affects
problem solving skill. In this context, the fact that both skills aren’t independent of reasoning can be
put forward as the cause of the fact that inferential comprehension affects problem solving success
more than the other variables (fluent reading and literal comprehension). However, in terms of total
effects of literal comprehension and inferential comprehension on problem solving success, it will be
seen that the values are very close to one another. The fact that there is a small amount of
intermediary effect of literary comprehension in inferential comprehension arouses the thought that
literary comprehension contributes to the development of problem solving skill more both by
affecting inferential comprehension and by affecting problem solving success.

In a study of Jeanne (1983), while there was no significant difference between individuals who
gained word recognition skill at early ages and those gained it at advanced ages in terms of literary
comprehension, a significant difference was found in favor of those who gained word recognition skill
at early ages in terms of inferential comprehension. In the studies of Andersson (2010), Grimm (2008),
Jordan et al. (2003), it was seen that reading comprehension skills increase their effects on problem
solving success over the years. On the other hand, Jeanne stated that there is a critical age threshold in
acquiring inferential comprehension skill and if not acquired at early ages, it becomes harder to
acquire inferential comprehension skill at advanced ages. In this context, it is thought that inferential
comprehension which is the variable that affects problem solving skill directly most is supposed to be
developed at early ages.
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As a result of the research, it is seen that fluent reading, literal comprehension and inferential
comprehension explain 46% of the total variance in problem solving skill in the first model and 54% of
it in the second model. The reason for the 8% variance between the two models is due to the
intermediary effect of literary comprehension. In this context, it can be said that the second model is
more acceptable. In the studies of Prakitipong and Nakamura (2006), Tertemiz (1994), Kroll and Miller
(1993), it was determined that problem solving skill is more affected by comprehension skills than
mathematical operations. It was determined in the studies of Ulu (2011), Hite (2009) that
comprehension training increased problem solving skill. It was found in the studies of Wijaya et al.
(2014), Ulu (2011), Singh et al. (2010), Clements and Ellerton (1996), Clarkson (1991), Marinas and
Clements (1990), Clements (1982), Clarkson (1980) that elementary school students mostly suffer from
high incidence of reading comprehension errors during problem solving. Both the above-mentioned
studies and the findings of this research reveal the importance of reading comprehension in problem
solving skill.

It is thought that inferential comprehension, the variable that directly affects problem solving
skill most, should developed at early ages. In this context, teachers need to emphasize classroom
activities to improve inferential comprehension skills to develop both language skills and problem
solving skills. However, it must be taken into consideration that these skills cannot be improved
without fluent reading and literal comprehension. In this context, the effect of reading comprehension
strategies on problem solving success can be researched by developing reading comprehension
strategy programs to improve fluent reading, literal comprehension and inferential comprehension.

This research was carried out on elementary school 4" grade students, so further studies can
be conducted on different age groups with different samplings. Moreover, experimental and
longitudinal researches can also be carried out to analyze the effect of reading comprehension skills on
problem solving success. Finally, by adding problem solving strategies, mathematical operational
skills or different affective features- all of which have effects on problem solving skills- to the model,
we can contribute to increasing the variance.

112



Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

References

Akar, C., Bagaran, M., & Kara, M. (2016). flkokul 4. Simif Ogrencilerinin elestirel okuma becerilerinin
cesitli degiskenler acisindan incelenmesi. International Periodical for the Languages, Literature and
History of Turkish or Turkic, 11(3), 1-14. doi: 10.7827/TurkishStudies.9306

Akyol, H. (2006). Tiirkce 63retim yontemleri (2nd ed.). Ankara: Kok Yaymncilik.

Allen, J. (1985). Inferential comprehension: The effects of text source, decoding ability, and mode,
Reading Research Quarterly, 20, 603-615.

Allington, R. L. (2006). Fluency: Still waiting after all these years. In S. Samuels, & A. E. Farstrup
(Eds.), What Research Has To Say About Fluency Instruction (pp. 94-105). International Reading
Association: Newark.

Altun, M. (2005). [Ikigretimde matematik 53retimi. Bursa: Aktiiel Alfa Bas. Yay.

Altun, M., & Arslan, C. (2006). Tlkogretim 6grencilerinin problem ¢6zme stratejilerini 6grenmeleri
{izerine bir calisma. Uludag Universitesi Egitim Fakiiltesi Dergisi, 19(1), 1-21.

Andersson, U. (2010). Skill development in different components of arithmetic and basic cognitive
functions: Findings from a 3-year longitudinal study of children with different types of learning
difficulties. Journal of Educational Psychology, 102(1), 115-134.

Artzt, A., & Armour Thomas, E. (1992). Development of a cognitive - metacognitive framework for
protocol analysis of mathematical problem solving in small groups. Cognition and Instruction, 9,
137-175.

Barbey, A. K., & Barsalou, L. W. (2009). Reasoning and problem solving: Models. In L. Squire (Ed.),
Encyclopedia of Neuroscience (pp. 35-43). Oxford: Academic Press.

Bashir, A. S, & Hook, P. E. (2009). Fluency: A key link between word identification and
comprehension. Language, Speech, and Hearing Services In Schools, 40, 196-200.

Basaran, M. (2013). Reading fluency as an indicator of reading. Educational Sciences: Theory & Practice,
13(4), 2287-2290.

Bastug, M., & Keskin, H. K. (2012). Akic1 okuma becerileri ile anlama diizeyleri (Basit ve ¢ikarimsal)
arasindaki iliski. Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 13(3), 227-244.
Biiyiikoztiirk, $. (2006). Veri analizi el kitabi. Ankara: Pegem A Yayincilik.

Biiyiikoztiirk, S., Kili¢ Cakmak E., Akgiin, O. E., Karadeniz, S., & Demirel, F. (2011). Bilimsel aragtirma
yontemleri (10th ed.). Ankara: Pegem A Yayincilik.

Byrne, B. M. (2010). Structural equation modeling with amos basic concepts, applications, and programming
(2. bs.). New York, NY: Taylor ve Francis Group.

Caldwell, J. S. (2008). Reading assessment: A primer for teachers and coaches (2nd ed.). New York, NY:
Guilford.

Calvo, M. G. (2004). Relative contribution of vocabulary knowledge and working memory span to
elaborative inferences in reading. Learning and Individual Differences, 15(1), 53-65.

Celik, A., & Ozdemir, E. Y. (2011). Hkégretim Ogrencilerinin orantisal akil yiiriitme becerileri ile oran-
oranti problemi kurma becerileri arasindaki iliski. Pamukkale Universitesi Egitim Fakiiltesi Dergisi,
30(1), 1-11.

Cetin, F., & A. Fikirkoca (2010). Can the Extra Role Positive Behaviors Be Predicted by Personal and
Attitudinal Factors?. Ankara University Journal of Faculty of Political Science, 65(4), 41-66.

Cetin, H., & Ertekin, E. (2011). The relationship between eighth grade primary school students’
proportional reasoning skills and success in solving equations. International Journal of Instruction,
4(1), 47-62.

Chikalanga, I. (1992). A suggested taxanomy of inferences for reading teacher. Reading in a Foreign
Language, 8(2), 697-709.

113



Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

Clarkson, P. C. (1980). The Newman error analysis-Some extensions. In B. A. Foster (Ed.), Research in
mathematics education in Australia 1980 (Vol. 1, pp. 11-22). Hobart: Mathematics Education
Research Group of Australia.

Clarkson, P. C. (1991). Language comprehension errors: A further investigation. Mathematics Education
Research Journal, 3(2), 24-33.

Clements, M. A. (1982). Careless errors made by sixth-grade children on written mathematical tasks.
Journal for Research in Mathematics Education, 13(2), 136-144.

Clements, M. A., & Ellerton, N. (1996). The Newman Procedure for Amnalysing Errors on Written
Mathematical Tasks. Retrieved from http://users. tpg.com.au /arnold10/PAGES/newman.htm

Ehri, L. C., & McCormick, S. (1998). Phases of word learning: Implications for instruction with delayed
and disabled readers. In R. B. Ruddell, & N. J. Unrau (Eds.), Theoretical models and processes of
reading (5th ed., pp. 365-389). Newark, DE: International Reading Association, Inc.

Fabrikant, W., Siekierski, N., & Williams, C. (1999). Inferential and literal reading comprehension.
Retrieved from ERIC databases (ED433497).

Griffin, C. C,, & Jitendra, A. K. (2008). Word problem solving instruction in inclusive third grade
mathematics classrooms. Journal of Educational Research, 102, 187-202.

Grimm, K. J. (2008). Longitudinal associations between reading and mathematics. Developmental
Neuropsychology, 33, 410-426.

Goos, M., Galbraith, P., & Renshaw, P. (2000). A money problem: A source of msight into problem
solving action. International Journal for Mathematics Teaching and Learning. 1-21. Retrieved from
http://espace.library.uq.edu.au/view/UQ:139465/UQ139465_OA.pdf

Harris, A. J., & Sipay, E. R. (1990). How to increase reading ability: A guide to developmental & remedial
methods. Newyork: Longman.

Hegarty, M., Mayer, R. E., & Monk, C. A. (1995). Comprehension of arithmetic word problems: A
comparison of successful and unsuccessful problem solvers. Journal of Educational Psychology, 87,
18-32.

Hite, S. (2009). Improving problem solving by improving reading skills. Math in the Middle Institute
Partnership Summative Projects for MA Degree. University of Nebraska — Lincoln.

Hong, E. (1995). Mental models in word problem solving: A comparison between American and
Korean sixth-grade students. Applied Cognitive Psychology, 9, 123-142.

Hudson, R. F., Lane, H. B., & Pullen, P. C. (2005). Reading fluency assessment and instruction: What,
why, and how?. The Reading Teacher, 58(8), 702-714.

Jeanne S. C. (1983). Literacy: Trends and explanations. Educational Researcher, 12(9), 3-8.

Jenkins, J. R, & Jewell, M. (1993). Examining the validity of two measures for formative teaching:
Reading aloud and maze. Exceptional Children, 59, 421-432.

Jordan, N. C,, Hanich, L. B., & Kaplan, D. (2003). A longitudinal study of mathematical competencies
in children with specific mathematics difficulties versus children with comorbid mathematics and
reading difficulties. Child Development, 74, 834-850.

Jordan, N. C,, Kaplan, D., & Hanich, L. B. (2002). Achievement growth in children with learning
difficulties in mathematics: Findings of a twoyear longitudinal study. Journal of Educational
Psychology, 94, 586-597.

Liang, T. T. (2007). Brain maths. Singapore: Panpac Education.

Logan, G. D. (1997). Automaticity and reading: Perspectives from the instance theory
ofautomatization. Reading & Writing Quarterly, 13(2), 123-146.

Karaca, E. (2006). Ogretimde planlama ve degerlendirme. Ankara: Nisan Kitabevi.
Karasar, N. (2005). Bilimsel arastirma yontemi. Ankara: Nobel Yaym Dagitim.

114


http://espace.library.uq.edu.au/view/UQ:139465/UQ139465_OA.pdf

Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

Keene, E. O., & Zimmermann, S. (1997). Mosaic of thought: Teaching comprehension in a reader’s workshop.
Portsmouth, NH: Heinemann.

Keskin, H. K. (2012). Akict okuma yontemlerinin okuma becerileri iizerine etkisi (Unpublished doctoral
dissertation). Gazi University, Institute of Educational Sciences, Ankara.

Kintsch, W. (1988). The role of knowledge in discourse comprehension: A constructionintegration
model. Psychological Review, 95, 163-182.

Kispal, A. (2008). Effective teaching of inference skills for reading. Literature review. Research report, DCSF-
RRO031. Retrieved from ERIC databases (ED501868).

Klauda, S. L., & Guthrie, J. T. (2008). Relationships of three components of reading fluency to reading
comprehension. Journal of Educational Psychology, 100(2), 310-321.

Kroll, D. L., & Miller, T. (1993). Insights from research on mathematical problem solving in the middle
grades. In D.T. Owens (Ed.), Research ideas for the classroom: Middle grades mathematics (pp. 58-77).
NY: Macmillan.

Kuhn, M. R., Schwanenflugel, P. J., & Meisinger, E. B. (2010). Aligning theory and assessment of
reading fluency: Automaticity, prosody, and definitions of fluency. Reading Research Quarterly, 45,
230-251.

Kuhn, M. R. (2005). A comparative study of small group fluency instruction. Reading Psycology, 26(2),
127-146.

Kuhn, M. R,, & Stahl, S. (2003). Fluency: A review of developmental and remedial strategies. The
Journal of Educationai Psychology, 95, 1-19.

Leighton, J. P., & Sternberg, R. J. (2003). Reasoning and problem solving. In A. F. Healy & R. W.
Proctor (Eds.), Handbook of Psychology, Volume 4, Experimental Psychology (pp. 623-648). New York:
Wiley.

Mayer, R. E. (1985). Mathematical ability. In R. J. Sternberg (Ed.), Human abilities: An information
processing approach (pp. 127-150). New York: Freeman.

Marinas, B., & Clements, M. A. (1990). Understanding the problem: A prerequisite to problem solving
in mathematics. Journal of Science and Mathematics Education in South East Asia, 13(1), 14-20.

Mcgee, A., & Johnson, H. (2003). The effects of inference training on skilled and lessskilled
comprehension. Educational Psychology, 23(1), 49-59.

Morales, R. V. (1998). Comprehension and solution patterns of simple math word problems by Mexican-
American, bilingual, elementary school students. Retrieved from ERIC databases (ED427544).

Moreno, R., & Mayer, R. E. (1999). Multimedia-supported metaphors for meaning making in
mathematics. Cognition and Instruction, 17, 215-248.

Olkun, S., & Toluk, Z. (2004). [Ikigretimde etkinlik temelli matematik 6gretimi. Ankara: Am Yayincilik.

Panasuk, R., & Beyranevand, M. (2010). Algebra students' ability to recognize multiple representations
and achievement. International Journal for Mathematics Teaching and Learning, 22, 1-22.

Pantziara, M., Gagatsis, A., & Elia, I. (2009). Using diagrams as tools for the solution of nonroutine
mathematical problems. Educational Studies in Mathematics, 72, 39-60.

Pape, S. J. (2004). Middle school children's problem-solving behavior: A cognitive analysis from a
reading comprehension perspective. Journal for Research in Mathematics Education, 35, 187-219.
Perkins, D. N., Allen, R., & Hafner, J. (1983). Differences in everyday reasoning. In W. Maxwell (Ed.),

Thinking: The Frontier Expands. Hillsdale, NJ: Erlbaum.
Plomin, R., & Kovas, M. (2005). Generalist genes and learning disabilities. Psychological Bulletin, 131,
592-617.

Polat, G. B., & Kesan, C. (2013). Researching about relations between problem solving skills in maths
and comprehension skills in Turkish for 7th and 8th grade students’. International Online Journal of
Primary Education, 2(2), 23-29.

115



Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

Polya, G. (1990). How to solve it: A new aspect of mathematical method [Nasil ¢cozmeli: Matematikte yeni bir
boyut] (F. Halatci, Trans.). New York.

Prakitipong, N., & Nakamura, S. (2006). Analysis of mathematics performance of Grade 5 students in
Thailand using Newman procedure. Journal of International Cooperation in Education, 9(1), 111-122.

Pressley, M. (2000). What should comprehension instruction be the instruction of?. In M. L. Kamil, P.
B. Mosenthal, P. D. Pearson, & R. Barr (Eds.), Handbook of reading research (pp. 545-561). Mahwah,
NJ: Lawrence Erlbaum Associates.

Rasinski, T. V. (2004). Assessing reading fluency. Honolulu, HI: Pacific Resources for Education and
Learning.

Rasinski, T., & Hamman, P. (2010). Fluency: Why it is “Not Hot.”. Reading Today, 28(1), 26.

Samuels, S. J. (1979). The method of repeated readings. Reading Teacher, 32, 403-408.

Schermelleh Engel, K., Moosbrugger, H., & Muller, H. (2003). Evaluating the fit of structural equation

models: Tests of significance and descriptive goodness-of-fit measures. Methods of Psychological
Research Online, 8(2), 23-74.

Schwanenflugel, P. J., Hamilton, A. M., Kuhn, M. R., Wisenbaker, J. M., & Stahl, S. A. (2004). Becoming
a fluent reader: Reading skill and prosodic features in the oral reading of young readers. Journal
of Educational Psychology, 96(1), 119-129.

Singh, P., Rahman, A. A., & Hoon, T. C. (2010). The newman procedure for analyzing primary four
pupils errors on written mathematical tasks: A Malaysian perspective. Procedia Social and
Behavioral Sciences, 8, 264-271.

Stahl, S. A., & S. Kuhn, M. R. (2002). Making it sound like language: Developing fluency. The Reading
Teacher, 55, 582-584.

Streiner, D. L. (1994). Figuring out factors: The use and misuse of factor analysis. Canadian Journal of
Psychiatry, 39(3), 135-140.

Suk, H. J. (1997). The effects of language ability, text presentation style and the nature of questions inference
(Doctoral dissertation). Chong-Buk University, Korea.

Sekercioglu G., Bayat N., & Bakir S. (2014). Fen maddelerini anlama testinin psikometrik niteliklerinin
belirlenmesi. Egitim ve Bilim, 39(176), 447-455.

Sencan, H. (2005). Sosyal ve davranigsal él¢melerde giivenirlik ve gecerlilik. Ankara: Seckin Yayinlar.

Simsek, O. F. (2007). Yapisal esitlik modellemesine giris temel ilkeler ve lisrel uygulamalari. Ankara: Ekinoks
Yaymcilik.

Tertemiz, N. (1994). [lkokulda aritmetik problemlerini ¢dzmede etkili gbriilen bazi faktérler (Unpublished
doctoral dissertation). Hacettepe University, Institute of Social Science, Ankara.

Tekin, H. (1997). Egitimde ol¢me ve degerlendirme. Ankara: Mars Matbaast.

Ulu, M. (2011). [lkdgretim 5. Sunif 63rencilerinin rutin olmayan problemlerde yaptiklart hatalarin belirlenmesi
ve giderilmesine yonelik bir uygulama (Unpublished doctoral dissertation). Gazi University, Institute
of Educational Sciences, Ankara.

Umay, A. (2003). Matematiksel muhakeme yetenegi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi,
24(3), 234-243.

Vacca, J. A. L., Vacca, R. T., Gove, M. K, Burkey, L. C.,, Lenhart, L. A., & Mckeon, C. A. (2006). Reading
and learning to read. Boston: Allyn and Bacon.

Verschaffel, L., & De Corte, E. (1993). A decade of research on word-problem solving in Leuven:
Theoretical, methodological and practical outcomes. Educational Psychology Review, 5, 239-256.

Vilenius Tuohimaa, P. M., Aunola, K., & Nurmi, J. E. (2008). The association between mathematical
word problems and reading comprehension. Educational Psychology, 28(4), 409-426.

Wilger, M. P. (2008). Reading fluency: A bridge from decoding to comprehension research brief. Ottawa:
Outoskills.

116



Education and Science 2016, Vol 41, No 186, 93-117 M. Ulu

Wijaya, A., van den Heuvel Panhuizen, M., Doorman, M., & Robitzsch, A. (2014). Difficulties in
solving context-based PISA mathematics tasks: An analysis of students’ errors. The Mathematics
Enthusiast, 11(3), 555-584.

Yazgan, Y., & Bintas, J. (2005). Tlkdgretim doérdiincii ve besinci sinif grencilerinin problem ¢dzme
stratejilerini kullanabilme diizeyleri: Bir 6gretim deneyi. Hacettepe Universitesi Egitim Fakiiltesi
Dergisi, 28, 210-218.

Yildirim, K. (2012). Ogretmenlerin 6grencilerin okudugunu anlama becerilerini degerlendirmede
kullanabilecekleri bir sistem: Barett taksonomisi. Mustafa Kemal Universitesi Sosyal Bilimler
Enstitiisii Dergisi, 9, 45-47.

Yildiz, M. (2013). Okuma motivasyonu, akict okuma ve okudugunu anlamanin ilkogretim besinci sinif
ogrencilerinin akademik basarilarindaki rolii. Turkish Studies - International Periodical For The
Languages, Literature and History of Turkish or Turkic, 8(4), 1461-1478.

Yilmaz, H. (1998). Egitimde 6l¢me ve degerlendirme (3rd ed.). Ankara: Mikro Yayinlari.

Yurt, E, & Sunbiil, A. M. (2014). A structural equation model explaining the mathematics
achievements of the 8th grade students. Educational Sciences: Theory & Practice, 14(4), 1629-1653.

Zutell, J. V., & Rasinski, T. V. (1991). Training teachers to attend to their students’ oral reading fluency.
Theory Into Practice, 30, 211-217.

Zwiers, ]J. (2004). Making inferences and predictions. In M. M. Money (Ed.), Building Reading
Comprehension Habits in Grades 6-12: A Toolkit of Classroom Activities (2nd ed., pp. 99-122). Newark
DE: International Reading Assoc.

117



