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Abstract

The purpose of this study is to investigate the effects of several student and school level variables on students’
mathematical achievement and mathematical achievement growth in middle school. The research population
consisted of students in Ankara who started middle school in 2008 and graduated in 2011. Using a non-random
typical case sampling method, 3715 students were sampled from 40 middle schools. The data used in this study
were obtained from the Ministry of National Education with express written permission. Student Placement
raw mathematics subtest scores from 2009 to 2011 were used as the dependent variable in the analysis.
“Gender, mathematics grade point average in 6™ grade, and school attendance at sixth grade” comprised the
student level variables whereas “school type and school size” variables comprised the school-level variables. A
three-level hierarchical linear growth model was used to investigate the effects of these variables. Students’
raw mathematics subtest scores in Students Placement Test were included in the model after these scores were
equated. The results of the model analysis indicated that there was no growth in students’ mathematical
achievement. It was also observed that school attendance, sixth-grade mathematics grade point average and
school type had a statistically significant effect on students’ sixth-grade mathematical achievement.

Key Words: Mathematical Achievement, Mathematical Achievement Growth, Three-Level Hierarchical Linear
Model, Growth Model, Equipercentile Method

INTRODUCTION

Mathematical achievement and mathematical achievement growth in middle school have an effect on
future performance and career of students. Various factors (such as variables related to school and
students” own backgrounds, past achievement, gender, parental education, etc.) are sources of
information for students’ future achievements. This study is aimed at examining the students'
mathematical achievement growth as well as the effects of student and school characteristics on the
achievement of students in the Student Placement Test (SBS) mathematical. SBS is a test put into
practice by the Ministry of National Education (MoNE) in 2007 for the follow-up and evaluation of
students' mathematical achievement growth. MoNE carried out the process from the preparation of
the SBS questions to the application of the examination and scoring. MoNE prepares a common
guideline for the collection of data in similar environments and with a similar system. The guideline
is handed over to the examiners, and it is tried to avoid bias arising from the differences between the
examiners and their environment. The validity and reliability studies of the data obtained from the
exam are done by the respective experts in the MoNE (Milli Egitim Bakanligi, 2011).

There are studies in the literature on the use of national like SBS and international (The Programme
for International Student Assessment - PISA and The Trends in International Mathematics and
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Science Study - TIMSS) test data applied to large samples in determining student and school
variables that affect mathematical achievement (Altun, 2007; Karabay, 2012; Otken, 2012; Ozdemir,
2010; Recgber, 2011; Savasei, 2011 & Yilmaz, 2006). Multiple regression analysis was used to
answer research questions without taking the sample structure into consideration in most of these
studies. PISA, TIMSS, OBBS and SBS data are obtained from large samples, and these data often
have multilevel structures. Students, for instances, are nested in classrooms, classrooms in schools
and so forth. Students in the same class or school in this data structure show more similar
characteristics to each other than students who are selected at random from the class. For this reason,
it cannot be said that the observations obtained from the individuals in the same social unit are
completely independent of each other (Raudenbush & Bryk, 2002). Furthermore, some schools are
more homogeneous based on certain features (e.g., socioeconomic status, region, etc.) while others
are heterogeneous. This means that the assumption of equality of variances is not achieved in large
samples (Hox, 2010, pp. 4-7; Raudenbush & Bryk, 2002). Also, for this reason, the assumption of
independence of observations and homogeneity of variances is not achieved. In addition, multiple
regression analysis can yield biased results since multilevel data structures are not considered in
large sample trials (Raudenbush & Bryk, 2002, pp. 5-99).

Another method of analysis used in the literature to study the effect of student and school variables
on mathematical achievement is the ordinary least squares (OLS, linear least squares)
method. However, according to the relevant literature, the OLS regression methods underestimate
standard errors compared to the multilevel model (Hox, 2010). Underestimation of standard errors
increases the probability of Type | error in the estimation of regression parameters, which is not
desirable (Hox, 2010). Furthermore, the OLS regression poses a problem in interpretation, such as
bias of aggregating the individual-level variables to the higher level and the determination of
heterogeneity between schools (Raudenbush & Bryk, 2002, p. 253). As indicated above, multiple
regression and OLS methods yield biased results due to aggregation bias, underestimation of
standard errors, and regression heterogeneity (Bryk & Raudenbush, 1988). To avoid these biased
results, multilevel analysis models should be used to analyze the data from multilevel samples (Atar,
2010; Atar & Atar, 2012; Demir & Kilig, 2010; Giizel, 2006; Sevgi, 2009). In essence, multilevel
models are generalized regression methods and can be used for causal interpretation, data reduction,
and various estimation purposes (Hox, 2010).

This study is aimed at examining the students' mathematical achievement growth and the effects of
student and school characteristics on students' SBS mathematical achievement. Growth in the study
refers to the change in the SBS mathematics scores of the students that they received over the years.
Based on the fact that the data structure is multilevel, three-level hierarchical linear growth model
was used in this study to avoid the bias of single-level analysis methods for this data. In light of this,
level-1 consists of a repeated measure of students’ SBS mathematics scores, level-2 consists of
students' characteristics variables and finally level-3 consists of school characteristics variables.
After a thorough review of Turkish literature, no study was found examining the factors that affect
mathematical achievement and mathematical achievement growth by a three-level hierarchical
model. However, there are many studies using three-level hierarchical linear growth models abroad
(Ding, Song & Richardson, 2010; Huang et al., 2009; Raymond, 2009; Shapley et al., 2011; Shim,
1995; Wu, 2004; Yang, 2000; Zhu, 1998). In addition, when the literature was examined, there were
many studies examining student, school and country variables as they affect the mathematical
achievement abroad with three-level hierarchical linear model (HLM) (Agodini & Harris, 2016; Kao
et al., 2017; Tan & Hewer, 2018; Yi & Shin, 2018). It was found that only two studies in Turkey
(Aztekin & Yilmaz, 2014; Celik, 2016) were found to be relevant. Celik (2016), only the studies the
effects of the variables of country while Aztekin and Yilmaz (2014) examined the effects of
variables of students, schools, and countries. In addition, the effect of some variables in PISA and
TIMSS mathematical achievement was examined in these two studies. Unlike the international large
scale exams that reflect international committees’ goal and objectives, SBS reflects the goals and
objectives of the Turkish education system. This study is important because it examines students’
mathematical achievement growth in SBS and the effects of some student and school variables on
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SBS mathematical achievement in the middle school in the Turkish education system. Studies
conducted in Turkey mostly examine the effect of variables such as gender, school attendance and
teacher qualifications on mathematical achievement using one or two level models. Although there
seems to be a growing interest in the use of three-level models in the analysis of multilevel data in
the Turkish literature, they are still too few to draw valid conclusions (Celik, 2016). It is thought that
this study will be an example of a three-level hierarchical growth model implications in Turkish
literature.

Purpose of the Study

The purpose of this study is to investigate the effects of several student-level variables (gender, grade
point average and school attendance in sixth grade) and school-level variables (school type and
school size) on students’ mathematical achievement and mathematical achievement growth in
middle school using three-level hierarchical linear growth model. For this purpose, the following
research questions were investigated:

1) Do the sixth-grade students’ SBS mathematical achievements vary at the student level and school
level? If yes, what percentage of variance is accounted for at each level?

2) Is there any growth in students’ SBS mathematics raw scores in middle school from 2009 to
20117

3) Do the sixth-grade students’ SBS mathematical achievements vary according to student-level
variables (Gender, grade point average in sixth grade-GPA6 and attendance at school in sixth grade-
ABSENTEEISM)? If yes, what percentage of variance is accounted for the student-level variables?

4) Do the sixth-grade students’ SBS mathematical achievements vary according to school-level
variables (school size and type)? If yes, what percentage of variance is accounted for by the student-
level variables?

METHOD

This research is a causal comparison model of quantitative research methods (Biyiikoztiirk, et al.,
2008) as it examines the effects of variables related with students and schools on students’
mathematical achievement and mathematical achievement growth in middle schools.

Sample

The research population consisted of students in Ankara who started middle school in 2008 and
graduated in 2011. One of the aims of this study is to get detailed information about the universe by
choosing a typical situation which is thought to represent the universe. Therefore, a typical sampling
method (Biiyiikoztiirk et al. 2008, p. 91) was used to determine a sample of middle schools in the
province of Ankara and the research was conducted on the data of these schools. The data used in the
study were obtained as a result of correspondence with the Ministry of National Education (MONE).
So, 40 schools from the middle school universe in Ankara and 3733 students who were educated in
these schools were randomly assigned in the years related to codes created by the Ministry of
National Education. While the school sample consists of 39 public schools and 1 private school, a
worthy observation made is that the average number of these schools in the relevant years varies
between 12 and 255. The existence of one private school in the sample shows the limitation of the
research in terms of school diversity. The research sample was first composed of 3733 students.
However, it was decided that the outliers of the data — 18 students — should not be included in the
analysis because the sample was large enough. The research sample takes its final form as 3715
students in 40 middle schools in Ankara who started in middle school in 2008 and graduated in 2011.
It has been taken into consideration that the students who are in the sample group should not have
changed school during their education. The research sample is suitable for HLM analysis because at
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least two repetitive measurements are used for the study of change, and students (3715 persons) are
placed at the second level, and the number of units in the third level is left to the researcher's ability
to reach the database.

Data Collection Instrument

The aim of the study was to examine the variables affecting the achievement of the students and the
changes in their achievement. Repeated measures are needed to examine the students' achievement
growth. In the Turkish education system, these repeated measures were first obtained with SBS, and
it is thought that there will be similar exam applications for follow-up examinations. In this study,
raw mathematics scores obtained from the students' SBS were used to examine mathematical
achievement. These raw scores were included in the analysis as dependent variables.

Level-1 variables (Dependent variable)

The sixth, seventh and eighth grade SBS mathematic subtest data belonging to the same students are
raw scores. The raw scores are calculated by applying correction formula to the number of items
answered correctly. They were included as a continuous variable in the HLM analysis and
considered as dependent variables. The aim is to determine the change or students’ achievement
growth by examining these points together.

Level-2 variables (Student level variables)

Gender (GENDER), absenteeism (ABSENTEEISM6) and year-end mathematics grade point
averages of students for the 2008-2009 academic year (GPAG).

Year-end mathematics grade point averages are based on the average grade that the students took in
two semesters in mathematics lessons in related years and included as a continuous variable in this
study. Gender is a dummy variable; male students are coded as "0" and female students are coded as
"1". The absenteeism is the number of days during which the students did not come to school in the
related education years. It was regarded as a continuous variable. While gender is a constant variable
that does not change over time, the absenteeism and year-end mathematics grade point averages of
students are the variables that change over time (year to year). Since the aim is to examine the effects
of the initial state (grade point average in 6" grade) of students on mathematical achievement and
mathematical achievement growth in this study, time-varying variables (year-end absences and year-
to-year mathematics grade point averages) are included as fixed variables.

Level-3 variables (School level variables)

School size (SIZE) and type (TYPE) variables are included as third level variables in the analysis.
School size refers to the average number of students per school, and it has been considered as a
continuous variable. School type is a dummy variable in which public schools are coded as "0" and
private schools are coded as "1".

Data Analysis

Providing equivalency of SBS scores: Equipercentile method

In order to determine the students’ mathematical achievements growth, it is necessary to monitor
their mathematical achievements over the years. For this purpose, it is necessary to compare the SBS
mathematics subtest scores of the students. The procedures for comparing student achievements are
insufficient because of the differences in the number of items used in SBS exams, their reliabilities,
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and difficulties. For this reason, it is necessary to convert test scores to the same score scale before
including SBS raw scores in the HLM analysis. Middle mathematics curriculum has a helical
structure (Ersoy, 2006) and the contents of SBS mathematics subtests are compatible with the
curriculum of the related years (MEB, 2011); therefore, the structure of SBS mathematics subtests
was thought to be similar and the test scores equated before the HLM analysis. Equivalence of SBS
scores in this study is provided by equipercentile equation method.

The reliability of the test scores must be high in order to use equipercentile method (Schneider &
Dorans, 1999). The reliability coefficients of KR-21 for the sixth, seventh and eighth grade SBS raw
scores used in the study were 0.86; 0.90 and 0.92, respectively. Thus, the high reliability of the raw
scores is enough to do the equation study.

The extreme values in the data set consisting of 3733 students were determined before the
equipercentile method was started. So, the Z scores of the SBS raw scores were calculated, and the
scores (18 students) belonging to the students who were out of the range of + 4 were discarded from
the data set (Cokluk, Sekercioglu & Biiyiikoztiirk, 2014, p. 14). In addition, missing values were
taken as "0". Raw scores are calculated by applying correction formula to the number of items
answered correctly. Scaled scores were analyzed in the Rage3.15 program. Since the sample is not
very large and the four moments of the forms are not very close to each other as a result of the
equipercentile method, smoothing was done. Then, betad4 value and chi-square difference values
were examined and it was decided to perform polynomial pre-smoothing at C = 4. Smoothed
equivalent scores were used in the HLM analysis.

HLM analysis: Three-level hierarchical linear growth models

Hierarchical linear models are the generalization of the regression methods used for various purposes
such as causal interpretations, various estimates, and data reduction (Raudenbush & Bryk 2002).
HLM7 software was used for conducting HLM analysis in this study. This analysis starts with a
completely unconditional model, then continues with a base model where level-1 is simple linear
growth. Finally, intercept and slope of level-1 becomes dependent variables at level-2 and level-3.
There was not any growth in this analysis; the only intercept of level-1 becomes dependent variables
at level-2 and level-3. In addition, student variables are added to the base model to answer research
guestion three and variables related to school are added to the base model to answer research
question four.

Completely unconditional model: As the name implies, there are no explanatory variables in the
model except for the intercept coefficients. This model provides a basis for the definition of the
level-1 model and useful evidence for the development of basic statistics for the evaluation of other
models (Heck and Thomas, 2009, p. 173). In addition, this model used for checking the proportion of
total variance in the outcome can be explained by group membership (e.g., with ICC). The model
equation is:

Level-1: Ytij = mojj + €4
Level-2:  moij = Pooj + Fojj
Level-3: Booj = Yooo + Uooj

Combining model: Yii = Yooo+ Uooj o +ey;

In this study, the subscripts which are t, i, j represent time (test taking year: 2009, 2010, 2011),
student and school, respectively.
Yiij: SBS mathematics score at t time of student-i in school-j.

o - The intercept coefficient indicating the estimated initial state (mathematical achievement in the
sixth grade) of the student-i in school-j

Pooj - mean score of SBS mathematics scores of students in the sixth grade in school-j
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yo0o: The general mean of mathematics score (general average) for all students in the 2009 SBS (sixth
grade SBS)

eyj: Effect of repeated measurements at t time, first order random effect. Errors are independent and
normally distributed. The mean is 0" and the constant variances are o2 (Raudenbush & Bryk, 2002,
p. 162).

roij: Second-level intercept (foo;) effect. So the difference between mathematics score of student-i and
the school-j 's average mathematics score, the deviation amount. The mean is 0" and variance is z,.

Uooj: Third-level intercept effect. The difference between the average mathematics score of the
school-j and the general mathematics score is the amount of deviation. In other words, it is the
unexplained difference in the average mathematics scores of schools. The mean is "0" and the
variance is 7.

Level-1 model (Unconditional model for growth): The level-1 model was used to answer the second
research question. In the demonstration of individual growth in the HLM, more polynomial curves
are used because they are flexible and predict standard linear modeling procedures. Since there were
three repeated measurements belonging to the students in this study, linear development model was
used in the analysis of the data.

In the study, "class" (encoded as O, 1, 2) was chosen as the time unit. The time points in the
measurement (the time periods during which the exams were applied) are the 6™ grade (time = 0), 7"
grade (time = 1) and 8" grade (time = 2). For this reason, the intercept parameter (7y;) interpreted as
the actual starting status at time point a;=0 of the student i. The time point a;=0 is the sixth grade
SBS. Interpretation of the intercept as the real starting point forms the basis for interpreting the
development of the students in the sample over time. The slope is interpreted as the annual rate of
change of mathematical achievements of students, which is represented by the growth curves and is
formed by time effect. Each student will have their own growth curves shaped by the raw
mathematics scores they have achieved over three years. The model equations are as follows:

Level-1: Ytij = Tojj + ﬂlij*(GRADEﬁj) + €iij
Level-2: oij = Booj + Toij
miij = Proj + I
Level-3:  Booj = Yooo + Uogj
B1oi = Y100t Uigj
mi: Coefficient indicating the rate of growth of the student-i during the specified academic year
(2008-2009, 2009-2010 and 2010-2011 academic year) in school-j.
GRADEy;: Mathematical achievement of the student-i at t time.
Pioj: Mean growth rates of students in school-j

ryij: Second-level slope (B1) effect. The difference between the rate of mathematics score of student
i and the school j's average rate of mathematics score; the deviation amount. The mean is "0" and
variance is z,

7100: Mean of all students' growth rates in mathematical achievement

Uiej: Third level slope effect. That is, the difference between the growth curve of the average
mathematical achievement of the school j and the growth curve of the general mathematical
achievement is the amount of deviation. In other words, it is the unexplained difference in average
growth rates of schools. The mean is "0" and the variance is 7.

After unconditional model analysis, conditional models (second and third-level models) were applied
in three-level hierarchical linear growth model analysis.
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Level-2 model: The level-2 model was used to answer the third research question. Second-level
variables allow for differences between individuals and groups. This model contains the explanatory
variables (second level variables) of the unexplained variance at the first level intercept and slope.
The second level model equation is given below:

Level-1: SBStij = moij + ﬁlij*(GRADEtij) + €y
Level-2: Toij = ﬂOOj + ﬂoll*(ABSENTEE|SM6”) + ﬂOZj *(GPA6ij-GPA6'ij)+r0ij

Tijj = ﬁloj'

Level-3:  Sooj = Yoo + Uog;
Bo1j = yo10

Bozj = Y020 + Uoyj
B1oj = 100

(ABSENTEISM6): Student-i's sixth-grade attendance in school-j (The number of days when the
learner does not come to the school)

Poij: ABSENTEEISMG6 effect; effect of students’ sixth-grade attendance on mathematical
achievement at sixth grade in school-j

(GPAG;-0PAG.ij): year-end mathematics sixth-grade point averages of student-i in school-j (display
of centered around group average)

Pojj: GPAG6 effect; effect of students’ year-end mathematics sixth-grade point averages on
mathematical achievement at sixth grade in school-j

yo10- Average effect of all of the students’ sixth-grade attendance on mathematical achievement at
sixth grade

The result of the level-1 analysis shows that the growth rates of the students are not statistically
significant. For this reason, the my; coefficient was included as a fixed variable in the level-2
analysis. However, since the zy;; coefficient was included as a constant variable in the analysis, the
residuals ry; and ui,,; were not included in the model equation. At the second level, students'
attendance in the sixth grade (ABSENTEEISM6) and year-end mathematics grade point averages
(GPAB) were included. The significance of residuals of the variables has been examined before
level-2 analysis. As a result of the study, it was decided that ABSENTEEISMG6 variable should be
included as a fixed constant and (GPAG) variable should be included as a random variable. Since
ABSENTEEISM6 variable is fixed, the value ug; is not included in model equality.

Level-3 model: This model was used to answer the fourth research question. Third level parameters
describe the distributions of the average mathematical achievement and mathematical achievement
curves as a function of school-level variables (school size and type). The third level model equation
is as follows:

Level-1: SBSy; = g + 7 (GRADEy;) + ey
Level-2:  7oij = fooj + Foij

Tjj = ﬁle
Level-3:  Booj = yooo + Yoor(TYPE;) + Uggj

B1oj = Y100

As in the level-2 model, since the my; coefficient was included as a fixed variable in the model,
residual values of ry; and uy,,; were not included in the model equality. Here, other than the
coefficients in the first and second level model equations, the coefficient yqo; is explained.

yoo1: Effect of school mean on the general mean.
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Reliability of HLM models: Assumptions were checked before starting HLM analysis. Assumptions
of the three-level hierarchical linear development model are as follows: a) Metric; the dependent
variable is measured over time on a general scale. b) The shape of the change is linear;
change/growth increases with constant intervals. c) Distribution of errors by mean "0"; independent,
normal distributions of errors with constant variance. d) Covariance structure; each variable is
unrelated to its own level and another level of error (Raudenbush & Bryk, 2002, p. 255). Meeting
necessary assumptions prevents bias results in HLM analysis. In this study, all the variables meet the
assumptions.

As a result of the completely unconditional model analysis, the reliability of level one () and two
(Boo) intercept coefficients were estimated as 0.82 and 0.91 respectively. This can be interpreted
based on the fact that the data included in the analysis were obtained with sufficient reliability for the
estimation of the mathematics averages. In addition, the deviation value for this completely
unconditional model was found as 83347.167906. Estimated number of parameters was 4.

As a result of the first-level model analysis, the reliability coefficients for the intercept point (7o, Soo)
were estimated as 0.40 and 0.82, respectively. The reliability coefficients of slopes (z1, f10) Were
estimated as 0.003 and 0.35, respectively. Here, the low-reliability coefficients of the slopes are due
to the slopes not being as constant as the intercept. Very low reliability in HLM analysis does not
indicate that the HLM analysis is invalid. Low reliabilities indicate that the variable needs to be fixed
in a top model because the variable has a really small variance, or the corresponding variances are
hardly sampled (Raudenbush & Bryk, 2002). Raudenbush and Bryk (2002) also stated that they
could be regarded as reliable if their reliability values are above 0.05.

In this study, the deviation value estimated for the completely unconditional model was found as
83347.167906 while the estimated deviation value for the level-1 growth model was found as
83341.505305. The estimated number of parameters is 9. It can be said that level-1 growth model did
not fit well because the difference between the deviation values (5.66) is hot more than twice the chi-
square value (11.07), which is the difference between the estimated parameter numbers in the
freedom degree models (5). As a result of the HLM growth model analysis, the inability to predict
development supports this situation.

As a result of the analysis of the level-2 model, the reliability of the level-1 intercept coefficient was
increased by 0.14 and estimated as 0.54. The reliability of the second-order intercept coefficient was
increased by 0.14 and estimated as 0.96. In this study, the deviation value estimated for the
completely unconditioned model was 83347.167906 while the estimated deviation value for the
level-2 model was 79883.176924. The estimated number of parameters was 9. It can be said that the
difference between the deviation values (3463.99) was better than that of the level-2 model. This is
the case because the difference between the estimated number of parameters in the degree-of-
freedom models (5) was at least twice as large as the chi-square value (11.07).

As a result of the third level analysis, the reliability of the intercept coefficient was estimated as 0.82
for the level-1 and 0.85 for the level-2. The deviation value estimated for the completely
unconditional model was 83347.167906 while the estimated deviation value for the level-2 model
was 83325.874254. The estimated number of parameters was 6. The difference between the
deviation values (21.29) was at least twice as high as the chi-square value (5.99), which was the
difference between the estimated parameter numbers in the freedom rank models (2).

Finally, the real ranges of 95% of the true values of the constant effect coefficients were estimated.

A formula  * 1,968 was used to estimate the 95% confidence interval of a true value of the
coefficient (Raudenbush & Bryk, 2002, p. 55). Estimated coefficients stand between the confidence
intervals generated for the variables, which is another evidence for the reliability of estimates.
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RESULTS

Findings related to the first question: “De sixth-grade students’ SBS mathematical achievement
vary students and schools? If yes, what percentage of variance accounted for at each level?*

For this question, a completely unconditional model was analyzed and the result of the analysis are
reported in Table 1. Here, the intercept coefficient is interpreted as the mathematical achievement in
the sixth grade of the student. When Table 1 is examined, it is seen that the general mean (yo00) iS
estimated as 32.65 with a standard error of about 0.70. When a 95% confidence interval is created
around the general mean, it is expected that the true value of the general mean will be within the
range of 31.28 to 34.02 (%95CI(yo00) = 32.65+ (1.96)(0.70)).

Table 1. Completely Unconditional Model Analysis Results
Fixed Effect Coefficients Standard error t Approximate d. f

Intercept, mo
Intercept2, fqo

Intercept3, yo00 32.65* 0.7 46.66 39
Random Effect Standard Deviation Variance components d.f x2
Interceptl,r, 9.48* 89.92 3675 20920.02
Level-1, e 7.58 57.49
Interceptl/ Intercept2,uqy 4.21* 17.75 39 559.55

*p<0.05

Furthermore, if 95% confidence interval is formed around the general average, it is expected that
95% of the average mathematics raw scores of the students will be in the range of 14.07 to 51.23(
Y00 =32.65+ (1.96)v89.92) | jkewise, it is expected that 95% of the average mathematical
achievements of the  schools  will be  between 2440 and 4090 (
y00 = 32.65+ (1.96)4/1 775,

As seen in Table 1, the estimated value of variability in inter-student level (e) is 57.49, the estimated
value of variability in intra-student level, the variance of (r) is 89.92 and the estimated value of
variability in school level (ug) is 17.75. It can be said that there are statistically significant
differences in means of mathematical achievements of students and general means of mathematics
scores of schools since the p-values of coefficients are smaller than 0.001 alpha level. Furthermore,
this indicates that it is necessary to establish a three-level hierarchical linear growth model (p<0.001,
d.f= 3675) and schools (p<0.001; d.f = 39). In addition, if the shared variance ratio in the upper
levels is greater than 0.10, the multi-level analysis is allowed to continue (Lee, 2000). The extent to
which the levels explain the variance in the SBS mathematics scores is calculated by means of
interclass correlation (ICC) (Raudenbush & Bryk, 2002, p. 230):

) 57.49

Test (intra-student) level ICC: P75749 +89.92+ 1775
) 89.92

Inter-student level ICC: | 5749 +89.92+17.75

. 17.75
School level ICC: '~ 5749 +89.92 +17.75

= (.35

0.54

0.11

By calculating the interclass correlation, it was seen that the majority of the variance in mathematical
achievement (0.54) could be explained by the student level, then the test (intra-students) level and at
least the school level. It can be stated that the variables that most affect the students' mathematical
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achievement are the characteristics related to them, the characteristics related to the tests and the
characteristics related to the schools, respectively.

Findings related to the second question: “Is there any growth in students’ SBS mathematics raw
scores in middle school from 2009 to 20112”

To answer this question, the first level model (unconditioned model for growth) was analyzed.
Intercept and GRADE variables are included as random variables to the model. Since the SBS raw
scores are taken with their equivalence to HLM analysis, the raw scores for mathematics range
between 0 and 78. The level-1 (growth model) analysis results are given in Table 2. The growth rate
of students' mathematical achievements is estimated as y;0o = 0.03 over the course of time. In other
words, the average growth rate of the students in each year shows an increase of 0.03. The p value of
y100 COefficient is not statistically significant (p>0.05; d.f = 39), so the change in the students'
mathematical achievements can be described as a small coefficient that can be explained by
sampling error. In other words, it can be said that the inclination coefficient is not statistically
significant because the students’ development in mathematical achievement in the three education-
training processes is too small to estimate the difference.

Table 2. Level-1 (Growth Model) Analysis Results
Fixed Effect Coefficients Standard error t Approximate d. f

Interceptl, zy
Intercept2, fqo
Intercept3, Yoo 32.61* 0.69 47.08 39
GRADE slope, m;
Intercept2, S0

Intercept3, y100 0.03 0.12 0.22 39
Random Effect Standard Derivation  Variance components  d. f Ve
Interceptl,r, 9.38* 87.87 3675 5534.12
GRADE slope, r; 0.28 0.08 3675 3035.41
Level-1, e 7.57 57.25
Interceptl/ Intercept2,uqg 4.00* 16.03 39 281.71
GRADE/ Intercept2,uyq 0.44* 0.19 39 62.93

*p<0.05

Findings related to the third question: “Do sixth-grade students’ SBS mathematical achievement
vary student-level variables (Gender-GENDER, grade point average in 6th grade-GPA6 and
attendance at school in 6th grade-ABSENTEEISM®6)? If yes, what percentage of variance
accounted for the student-level variables?”

When an exploratory analysis was performed before starting HLM analysis, it was seen that the most
important variables were ABSENTEEISM6 and GPAG6. For this reason, the second level model was
analyzed by adding "ABSENTEEISM6 and GPAG6" variables to answer this problem. The variables
were added only to the intercept coefficient because the students' progress was not statistically
significant. The significance of the residuals of variables in the analysis has been examined. As a
result of the study, it was decided that the variable ABSENTEEISM®6 should be taken as the model
constant while the variable GPAG6 should be taken as the random variable. Furthermore, GPAG6 was
centered on the group average and tried to avoid possible multiple-connection problems. Since the
residual variance in the second level of the "GRADE" variable does not make statistical sense, this
variable is kept constant at the second and third levels. Two different tables were created for more
favorable reporting of fixed and random effects.
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The results of the level-2 fixed effects analysis are given in Table 3. When Table 3 is examined, it
can be seen that the coefficient of change of the variable ABSENTEEISM®6 (yo10) is estimated as -
0.05 with a standard error of about 0.02. When 95% confidence interval is established, the actual
value of the variable ABSENTEEISMG is expected to be in the range of -0.09 to -0.01 (%95CI(yo00)
= -0.05+ (1.96)(0.02)). The p value of the coefficient yyo was examined to determine whether the
effect of the variable ABSENTEEISM6 on the general mean is different from zero. The Hy
hypothesis was rejected because the p value of the coefficient is statistically significant (p <0.05; d. f
= 3634). In other words, the mathematical achievement of the student who goes to school regularly is
0.05 units more than the student who is absent from school in sixth grade.

Table 3. Level-2 Fixed Effect Analysis Results
Fixed Effect Coefficients Standard error t Approximate d.f, Effect size

Interceptl, 7,
Intercept2, fqo

Intercept3, yo00 32.92* 0.73 45.17 39
ABSENTEEISM, fo;

Intercept3, yo10 -0.05* 0.02 -2.27 3634 -0.005
GPAG6, B

Intercept3, yo20 0.42* 0.02 27.18 39 0.04

GRADE slope, m;
Intercept2, S0
Intercept3, y100 0.006 0.09 0.07 7349
*p<0.05

When Table 3 is examined, it is seen that the GPAG6 coefficient (yoy) is estimated as -0.42 with a
standard error of about 0.02. When 95% confidence interval is established, the true value of GPA6
variable is expected to be in the range of 0.38 to 0.46 (%95CI(yo0) = 0.42+ (1.96)(0.02)). To
determine whether the effect of GPAG6 variable on the general mean is different from zero, the p
value of yg coefficient is examined. The HO hypothesis was rejected because the p value of the
coefficient was statistically significant (p<0.001, d.f =39). In other words, the mathematical
achievement of a student who has high year-end mathematics grade point average is higher than that
of a student who has low year-end mathematics grade point average in the sixth grade. It can be said
that the common effect of GPAG variable is reported here. In other words, this variable has different
effects on students in different schools.

When random effects are examined in Table 1, it is seen that level-1 intercept variance (ro) is
estimated as 89.92. When the level variables are added to the level-2 model, this variance is
estimated as 22.78 (Table 4). With the proportion of the difference between the two variances to the
variance in the growth model explained, the variance of student level by the student level variables
was calculated. The student-level estimates of the ABSENTEEISM6 and GPAG variables explained
0.75 of student-level variance. Given that the student-level explains 0.54 of the variance in
mathematical achievement, these variables explain 0.41 of the variance in mathematical
achievement. When the effect of sizes of the variables of GPA6 and BASARIORT6 were examined,
it was observed that the effects on mathematical achievement were too small to be felt in daily life
(Ferguson, 2009).

Table 4. Level-2 Random Effect Analysis Results

Random Effect Standard Deviation Variance components d. f r

Interceptl,ry 4.77* 22.78 3634 7942.70

Level-1, e 7.58 57.49

Interceptl/ Intercept2,uqo 4.30* 18.48 39 1435.93

Interceptl/GPAB,uq, 0.09* 0.008 39 218.86
*p<0.05
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To determine whether the variance of mean mathematical achievements of students is different from
zero, the p values of the coefficient (ry) are examined. The Hy hypothesis is rejected because the
coefficient p is less than 0.001 alpha. In other words, some of the variance in student-level
mathematical achievement remained unexplained.

Findings related to the fourth question: “Do sixth-grade students’ SBS mathematical achievement
vary school-level variables (school size-SIZE and type-TYPE)? If yes, what percentage of variance
accounted for the student-level variables?”

It was seen that the most important variable was TYPE when an explanatory analysis was performed
before starting HLM analysis. For this reason, the third level model was analyzed by adding only the
"TYPE" indicator to the third level in order to answer this problem. The variables were added only to
the intercept coefficient because the students' progress was not statistically significant. Two different
tables were created for more favorable reporting of fixed and random effects. The results of the
level-3 fixed effects analysis are given in Table 5.

Table 5. Level-3 Fixed Effect Analysis Results

Fixed Effect Coefficients  Standard error t Approximate d.f. Effect size
Interceptl, my
Intercept2, Soo
Intercept3, yo00 32.04* 0.62 51.80 38
TYPE, y001 13.45* 2.36 05.70 38 3.19
GRADE slope, 7;
Intercept2, S1o
Intercept3, y100 0.006 0.12 0.05 7389
*p<0.05

When Table 5 is examined, the TYPE variable coefficient (yqo1) is estimated as 13.45 with about 2.36
standard error. When the 95% confidence interval is established, the actual value of the TYPE
variable is expected to be in the range of 8.82 to 18.08 (%95CI(yo00) = 13.45+ (1.96)(2.36)). The p
value of yqo; coefficient was examined to determine whether the effect of the TYPE variable on the
general mean is different from zero. The H, hypothesis was rejected because the p value of the
coefficient is statistically significant (p<0.001, d.f= 38). In other words, the mathematical
achievement in the sixth grade of the student who is attending private school is 13.45 which is more
than the attendance in the public school.

When the random effects are examined from Table 1, it is seen that the second level intercept
variance (Ug) is estimated as 17.75. When the level variables are added to the third level model, this
variance is estimated as 9.97, Table 6. With the proportion of the difference between the two
variances to the variance in the growth model explained, the variance of school level by the school
level variables was calculated. The TYPE variable explained 0.44 of the school-level variance.
Given that the school level explains 0.11 of the variance in mathematical achievement, the TYPE
variable accounts for 0.05 of the variance in the mathematical achievement. When the effect of the
size of the TYPE variable was examined, it was observed that the variable had a large effect on size
for the school level (Ferguson, 2009).

Table 6. Level-3 Random Effect Analysis Results

Random Effect Standard Deviance Variance components  d. f r
Intercept2,r, 9.48* 89.89 3675 20920.04
Level-1, e 7.58 57.49
Interceptl/ Intercept2,uqo 3.16* 9.97 38 414.31
*p<0.05
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The p-values of the (uy) coefficient have been examined to determine whether the variance of mean
mathematical achievements of schools is different from zero. The Hy hypothesis is rejected because
the coefficient p is less than 0.001 alpha value. In other words, the variance in mathematical
achievement at school level remained unexplained. To explain the remaining variance, the analysis
should be repeated by adding different demographic variables to the model.

DISCUSSION and CONCLUSION

The aim of this study is to determine the effects of variables related with students (gender, year-end
grade point, school attendance) and schools (type and size) on SBS mathematical achievement and
its growth by three-level HLM growth model. It is believed that using the three-level HLM growth
model will remove the bias of single-level analysis. Aside from this, this will also serve as an
example in the Turkish literature of three-level hierarchical growth model applications. The variables
examined in this study, composed of some data that are collected and stored as fixed by the MoNE
for all schools in Turkey every year. In this study, the SBS test is applied only to middle school
students and in those years the middle schools are three years, so a student has no more than three
repeated measures. In addition, vertical scaling was not found to be suitable for the structure of the
SBS scores obtained. For this reason, the equivalence of the scores has been established by applying
an equal percentage method instead of vertical scaling. The equivalents of the scores were used in
the analysis of the research. The research findings were discussed within the framework of these
limitations.

For studies looking at the effects of student and school characteristics on mathematical achievement,
it is expected that most of the variance in mathematical achievement will be explained by student
characteristics (Odden, Borman & Fermanich, 2009; Zvoch & Stevens, 2003). In this study, it was
observed that the majority of students' variance in the sixth grade of mathematical achievement was
explained by student characteristics, followed by intra-student (test) characteristics and finally by
school characteristics. This can be substantiated by the fact that the vast majority of the variables
affecting mathematical achievements are student-level, or that student-level variables have a large
influence on predicting students' mathematical achievement. Turhan, Sener and Giindiizalp (2017)
examined 39 studies related to school effectiveness and found that schools had less impact on
student achievement than other factors (students, parents). Similar findings were obtained in Akyiiz
(2014), Aydm (2015), Sevgi (2009), Tavsancil and Yalgin (2015). In this respect, it can be said that
the effects of these characteristics on the academic achievement of students need to be studied on a
bigger scale. It is also seen that the variance ratio which can be explained by intra-student (test)
characteristics is also high. However, this level of variance remains unexplained because the
variables related to the tests were not included in the model in this study. In the later models, student
and school level variables were included in the model in an attempt to explain the variance in mean
mathematical achievement.

In this study, unlike many studies (Ai, 1999; Ding vd., 2010; Green, 1995; Huang, et al., 2009;
Raymond, 2009; Shapley et al., 2011; Shay, 2000; Shim, 1995; Wu, 2004; Yang, 2000; Zhu, 1998;
Zvoch & Stevens, 2006) using a three-level linear growth model, the mathematical achievements
growth of students could not be estimated. It is thought that the reason why any growth has not been
observed in this study might be due to the correlation between the tests. The correlation coefficient
between the tests in the studies involving equated test scores is expected to exceed 0.87 (Schneider
& Dorans, 1998 as cited in Dorans, 1999). However, the correlation coefficients between SBS scores
belonging to students in this study vary between 0.62 and 0.72. The low correlation between the test
scores reduces the comparability of test scores (Schneider & Dorans, 1998 as cited in Dorans, 1999).
In this context, it can be said that the different designs of the tests (such as the fact that the tests
given to the pupils according to years have different numbers of items and that there is no anchor
item in the tests) according to the class levels negatively affect the comparability of SBS
achievement scores at different grade levels. Another reason for the non-observation of growth may
be related to the data structure. The data used in the study were mostly obtained in a rather
cumulative manner. This prevented the modeling of the correspondence between the answers given
to the items. By modeling the answer pattern, the equivalence between the tests becomes more
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sensitive (Kolen & Brennan, 2014). By providing a more sensitive equivalent of the mathematics test
scores at different grade levels with vertical scaling, it is thought that small differences in
mathematical achievement of students can be modeled.

Similar to the study of Zvoch and Stevens (2006), in this study, it was seen that the majority of the
variance in the mathematical achievements of the sixth graders could be explained by the student-
level variables (0.54). For this reason, the desire is to add the demographic variables (gender-
GENDER, grade point average-GPAG6 and attendance at school in sixth grade-ABSENTEEISM6) of
the students, who are thought to influence the mathematical achievement, to the model. However, it
had been decided to include only the variables of the students' "grade point average and attendance at
school in sixth grade" in the explanatory analysis carried out before the HLM analysis. It is
necessary to create learning experiences by using the time carefully and efficiently for the student’s
mathematical achievement growth in a middle school to occur and continue. A teaching activity in
which the student does not exist during the time allocated for learning causes the learning
experiences to be incomplete (Altinkurt, 2008; Fidan, 2004; Ozbas, 2010; Sulu Cavumirza, 2012). In
this context, the mathematical achievements of the students with high absenteeism are expected to be
lower. From this study, it was observed that the variable "absenteeism™ influenced the students'
mathematical achievements in parallel with this expectation. Similarly, in the study carried out by
Yavuz and Atar (2016), it was observed that the attendance of the students in the school affected the
students' academic achievement. Another variable handled at the second level is the average grade
point in sixth grade. There is no knowledge about mathematics grade point averages provided by the
same teacher within a school year. This ambiguity introduced limitations into the study and the
discussion was made considering this limitation. There are studies in the literature that examine the
effect of the average yearly grade on the future test achievement of students. For example, Cyrenne
and Chan (2012) examined students' mathematical achievement using HLM on data obtained from
5136 students from 84 schools. Likewise, Finn, Gerber and Wang (2002) and Kim (2006) examined
the effect of the students' grade point average on the examinations taken the following year. As a
result of the investigations, the researchers determined that the students' yearly mathematics grade
point average predicted the achievement in the next mathematics examination. In other words, it was
seen that the yearly mathematics grade point average affected the achievement of the next
mathematics exam. Similarly, in this study, it was determined that the average mathematics grade
point in the sixth grade affected SBS mathematical achievement of the students.

In the school level (level-3) analysis, it was desirable to add both the school type (TYPE) and the
size (SIZE) as the school variables in the model. However, it was decided that only the "TYPE"
variable was included in the analysis by the explanatory analysis carried out prior to the HLM
analysis. As a result of the school level analysis, it was determined that the school type affected the
students’ SBS mathematical achievements. Similar to this research finding, Kim (2006), who studied
the effects of student and school variables on the eighth, tenth, and twelfth-grade mathematical
achievements, observed the impact of school achievement on student achievement in these three
grades. It was determined that the mathematical achievements of students attending non-government
schools at every grade level were higher than those of other students. It is known that some of the
non-government schools in Kim's (2006) study sample selected their students through the exam.
Similarly, some private schools in Turkey also determine their students by examinations. The
schools in the sample of this study (data) were obtained from the sample of Ankara of the MoNE
with the request for random school selection. The names of the schools were given a different code
for the researcher, for ethical considerations. For this reason, it is not known whether the private
school in the study sample selected its students by a special examination. If the private school in the
study sample is selected by the exam, it is expected that the SBS achievements of the students going
to this school will be high. Another study examining the effect of school type on student
achievement is Lee and Smith’s (2001) study. Lee and Smith (2001) examined the mathematical
achievement of students with low and high socio-economic status according to school types. At the
end of their study, students with high socioeconomic status were found to have a high level of
mathematical achievement in all school types while those with low socioeconomic status were
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influenced by the types of schools they attended. Finally, the studies carried out by Arslan, Satic1 and
Kuru (2006) determined the effectiveness of the public and private primary schools through teachers'
opinions. From the studies, they conclude that private schools, to a large extent, are more effective
than public schools. Turhan et al., (2017), in their study of effective school studies, found that only
four studies from 39 studies made a comparison between the effectiveness of public and private
school. They concluded that this number was quite low. Researchers emphasized that there must be
further research on this issue and stated that due to the low number of studies, a clear and emphatic
judgment on school effectiveness could not be achieved.

Suggestions

In this study, it is concluded that the type of school that students attend and their absenteeism in their
schools affect their mathematical achievement. There are many reasons for these variables to be
effective on students’ achievement. One reason for this may be that private schools provide students
with an effective learning environment. To have an effective learning environment, the size of the
class should be small, the physical characteristics of the class should be suitable for learning
activities, and the teachers should be equipped with the necessary knowledge (Engin, Ozen &
Bayoglu, 2009; Ozden, 2017). In this context, additional buildings or new schools can be built to
reduce class size. The physical properties of the new classes constructed can be designed in a
teachable way. Existing classes can be used in the most appropriate way for teaching activities as
much as possible. Finally, the qualifications of the teachers can be determined at certain intervals
and their problems can be solved with the necessary courses. In an effective and efficient learning
environment, students do not get bored and they maintain their interest and desire for learning (Engin
etal., 2009; Ozden, 2017). Students who do not get bored, and who are persistent about their interest
and desire in learning, are expected to spend more time in such environments. Taking this into
account, effective learning environments can be prepared at schools to prevent student absenteeism.
Another reason for student absenteeism may be that the students may not find the education in their
schools sufficient to be able to succeed in SBS (Yilmaz, 2011). For this reason, the students do not
attend the schools by taking reports and they might continue their education taking private lessons or
in some other ways in this process. It is necessary to change the perception that the education given
in schools is not enough. To do so, effective learning environments can be created, the necessary
tools for teaching can be provided, or the teachers' lack of pedagogical knowledge can be eliminated
if necessary. In addition, student absenteeism can contribute a certain percentage to the placement
score in the SBS.

In this study, unlike some studies carried out abroad, no change was observed in the mathematical
achievements of the students. This may be due to the fact that there was no real growth in
mathematical achievement or that the data were not appropriate for the growth analysis. The number
of items and item difficulties in the SBS exams taken in different years can be shown as an indicator
of the inappropriateness of the data. In this context, the tests that can provide equivalence should be
planned, prepared and implemented. Including vertically scaled data in the HLM analysis may
facilitate the observation of growth if the data is appropriate. In addition, within the scope of this
study, the achievement scores of the students were obtained as the total number of true and false
responses. Therefore, the response patterns of students were not modeled. It is thought that
mathematical achievement growth can be observed by modeling the students' response patterns.
Finally, there is a need for more studies investigating mathematical achievement growth.

The effects of the variables (attendance of students in school, the grade point average in
mathematical achievement and school type) on mathematical achievement were examined. This
analysis can be repeated by obtaining different variables (socio-economic status of the student,
educational status of the family, frequency and duration of the mathematics course, opportunities of
the school, climate, student/mathematics teacher ratio, etc.), and the effects of variables used in the
study with new variables on mathematical achievement can be examined. Similarly, the academic
achievement of students and their developmental achievements in other domains apart from
mathematics can be examined with similar variables using a three-level hierarchical linear growth
model. Finally, in causal-comparative design of this study, it was seen that the variables of "students'
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attendance to school, average mathematics achievement, and school type" were found to affect
students' mathematical achievements. However, the lack of an experimental study in this study
constitutes the limitation of this study. For this reason, experimental studies including these variables
are needed to determine the real effects discussed in the research.
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Ogrenci ve Okul Degiskenlerinin Matematik Basarisi ve
Gelisimine Etkileri

Girig

Ogrencilerin matematik alaninda akademik basarilarinin gelismesinde okullarin énemli bir islevinin
olmasi beklenir. Bu baglamda kiigiik yaslardan itibaren iistelik zorunlu olarak verilen egitim
hizmetinin yiriitildigi okullar, sik¢a arastirma konusu olmustur. Ayrica okullar, aile disindaki

sosyal ortamlar olarak 6grenmenin en ¢ok gerceklestigi yerler olmasi bakimindan dikkate degerdir.
Bdylece birey i¢in okul hayatina baglamak 6nemli bir doniim noktas1 olarak kabul edilebilmektedir.

Bu ¢aligmanin amaci, 6grenci (cinsiyet, yilsonu basari ortalamasi, okula devam durumu) ve okul
(tliri ve blyilikliigli) degiskenlerinin ortaokulda matematik basaris1 ve gelisimine etkilerini
belirlemektir. Calismadaki gelisim, 6grencilerin yillar icinde aldiklar1 SBS matematik puanlarindaki
degisimi ifade etmektedir. Veri yapist ¢ok diizeyli oldugundan bu calismada tek diizeyli analiz
yontemlerinin yanlili@ini 6nlemek igin ti¢ seviyeli hiyerarsik lineer gelisim modeli kullanilmistir.
Modelde diizey-1, Ogrencilerin SBS matematik puanlarinin tekrarli Gl¢iimlerinden, diizey-2
ogrencilere ait degiskenlerden ve son olarak diizey-3 okullara ait degiskenlerden olugsmaktadir.

Turkiye’deki alan yazin incelendiginde matematik basarisini ve matematik basarisindaki gelisimi
etkileyen faktorleri lineer gelisim modeliyle inceleyen bir ¢alismaya rastlanmamustir. Bununla
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birlikte yurt disinda ti¢ diizeyli hiyerarsik lineer gelisim modellerinin kullanildig1 pek ¢ok ¢alisma
mevcuttur (Ding, Song ve Richardson, 2010; Huang, Leon, La Torre ve Mostafavi, 2009; Raymond,
2009; Shapley, Sheehan, Maloney ve Caranikas-Walker, 2011; Shim, 1995; Wu, 2004; Yang, 2000;
Zhu, 1998). Ayrica ilgili alan yazin incelendiginde yurt disinda matematik basarisina etki eden
ogrenci, okul ve iilke degiskenlerini ii¢ diizeyli hiyerarsik lineer model (HLM) ile inceleyen bir ¢ok
calisma (Agodini ve Harris, 2016; Kao, Davenport, Matlen, Thomas ve Schneider, 2017; Tan ve
Hew, 2018; Yi ve Shin, 2018) bulunurken Tiirkiye’de yalnizca iki ¢aligmaya (Aztekin ve Yilmaz,
2014; Celik, 2016) ulasilmistir. Celik (2016) calismasinda sadece iilke degiskenlerinin etkilerini ele
alirken, Aztekin ve Yilmaz’in (2014) calismalarinda 6grenci, okul ve iilkelere ait degisken etkilerini
incelemiglerdir. Ayrica bu ¢aligmalarda PISA ve TIMSS matematik bagarisindaki bazi degiskenlerin
etkileri incelenmistir. PISA ve TIMSS gibi sinavlar uluslararasi komitelerin amag¢ ve hedeflerini
yansitirken, SBS uluslararas1 sinavlardan farkli olarak, Tiirk egitim sisteminin amag¢ ve hedeflerini
yansitmaktadir. Bu ¢alismanin, 6grencilerin SBS matematik alt testinde yillar igerisindeki basari
degisimleri ve bazi 6grenci ve okul degiskenlerinin SBS matematik basarilarina etkilerinin
incelemesi ag¢isindan 6nemli oldugu diisiiniilmektedir. Tiirkiye’de yapilan ¢aligmalar incelendiginde
cinsiyet, okula devam durumu, 6gretmen nitelikleri gibi degiskenlerin matematik basarisina olan
etkilerinin ¢ogunlukla tek ya da iki diizeyli modellerle incelendigi goriilmiistiir. Tirk alan yazininda
cok diizeyli verilerin analizinde ii¢ diizeyli modellerin kullanimina artan bir ilgi goziikse de, gegerli
sonuclar elde etmek i¢in hala ¢ok azdir (Celik, 2016). Tek diizeyli analiz yontemlerinin yanliligindan
kaginmak ve alan yazindaki {i¢ diizeyli hiyerarsik lineer gelisim modeli uygulamalarinin eksikliginin
giderilmesi i¢in bu c¢aligmada ti¢ diizeyli hiyerarsik lineer gelisim modeli kullanilmistir. Bu sekilde
ogrenci ve okul degiskenlerinin matematik basarisina etkilerinin incelenmesinin yan1 sira matematik
basarisindaki gelisimin de incelenmesi hedeflenmistir.

Yontem

Ogrencilerin matematik basarilar1 ve matematik basarilarindaki gelisimi etkileyen 6grenci ve okul
degiskenleri incelendigi ig¢in bu c¢alisma nedensel karsilastirma modelindedir. Arastirma evrenini,
Ankara ilinde 2008 yilinda ortaokula baslayip 2011 yilinda ortaokuldan mezun olan ortaokul
ogrencileri olusturmaktadir. Orneklem igin seckisiz olmayan, tipik durum &rnekleme ydntemi
kullanilmigtir. Aragtirma Orneklemini, Ankara ilindeki 40 ortaokuldan, 2008 yilinda ortaokula
baslayrp 2011 yilinda mezun olmus, 3715 dgrenci olusturmaktadir. Ogrencilerin ii¢ yillik egitim-
Ogretim siirecini ayn1 okulda gecirmeleri dikkate alinmistir. Calismada kullanilan veriler Milli
Egitim Bakanligi ile yapilan yazigsmalar sonucu elde edilmistir. Bu nedenle ¢alismada incelenen
degiskenler, her yil MEB tarafindan Tiirkiye’deki biitiin okullar i¢in sabit olarak toplanip saklanan
bazi verilerden olusmaktadir. Ogrencilerin ilgili egitim-6gretim dénemlerinde uygulanan SBS
matematik alt testi ham puanlar1 bagimli degisken olarak analize dahil edilmistir. “Cinsiyet, altinci
smiftaki yilsonu matematik not ortalamasi ve altinci smiftaki okula devam durumu” &grenci diizeyi
degiskenlerini olustururken “okul tiirli ve biliylikligi” okul diizeyi degiskenlerini olusturmaktadir.

Degiskenlerin etkilerinin incelenebilmesi icin verilerin analizinde ii¢ diizeyli hiyerarsik lineer
gelisim modeli kullanilmistir. Ogrencilerin SBS matematik alt testi ham puanlari, esit yiizdelikli
esitleme galigmasi yapildiktan sonra li¢ diizeyli hiyerarsik lineer gelisim modeline dahil edilmistir.

Sonug ve Tartisma

Bu caligmada, 6grenci (cinsiyet, yilsonu not ortalamasi, okula devam durumu) ve okul (tiirii ve
bliyiikliigli) degiskenlerinin 6grencilerin SBS matematik basarisi ve gelisimine etkilerini ii¢ diizeyli
HLM gelisim modeliyle belirlemek amaglanmigtir. Calismada, SBS sinavi sadece ortaokul
ogrencilerine uygulandigi ve o yillarda ortaokul ii¢ yil oldugu igin bir 6grenci en fazla li¢ tekrarli
Olglime sahiptir. Ayrica ¢alismada, elde edilen SBS puanlarinin yapisina uygun dikey 6lgekleme
yontemi (vertical scaling) bulunamamistir. Bu nedenle dikey 6lgekleme yerine esit yiizdelikli yontem
uygulanarak puanlarin esdegerleri olusturulmustur. Aragtirmanin analizinde puanlarin esdegerleri
kullanilmigtir. Arastirma bulgulari bu sinirliliklar ¢ergevesinde tartisilmistir.
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Okul ve 6grenci ozelliklerinin matematik basarisina etkilerinin incelendigi ¢aligmalarda, matematik
basarisindaki varyansin biiylik bir kismimnin 6grenci 6zellikleri tarafindan agiklanmasi beklenir
(Odden, Borman ve Fermanich, 2009; Zvoch ve Stevens, 2006). Bu c¢alismada, 6grencilerin altinci
siniftaki matematik basarilarindaki varyansin biiyilk ¢ogunlugunun ogrenci oOzellikleri, sonra
ogrenciler-i¢i (test) Ozellikleri en son olarak da okul ozellikleri tarafindan agiklanabilecegi
goriilmistiir. Bu durum matematik basarilarimi etkileyen degiskenlerin biiyiik ¢ogunlugunun 6grenci
diizeyinde oldugu veya 6grenci diizeyi degiskenlerin 6grencilerin matematik basarilarini yordama da
biiyiik 6neme sahip oldugu seklinde ifade edilebilir. Turhan, Sener ve Giindiizalp (2017), okul
etkililigi ile ilgili 39 calismayi ¢esitli yonleriyle incelemisler ve okullarin diger faktorlere (6grenci,
veli) gore Ogrenci basarilari ilizerinde daha az etkileri oldugu bulgusuna ulagmislardir. Benzer
bulgunun Akyiiz (2014), Aydin (2015), Sevgi (2009), Tavsancil ve Yal¢in’in (2015) galigmalarinda
da elde edildigi goriilmiistiir. Bu dogrultuda 6grenci ozellikleri ile bu 6zelliklerin 6grencilerin
akademik basarilarma etkisinin daha ¢ok calisilmaya ihtiyag duyuldugu sdylenebilir. Ayrica test
ozellikleri tarafindan agiklanabilecek varyans oraninin da yiiksek oldugu goriilmektedir. Fakat bu
calismada testler ile ilgili degiskenler modele dahil edilmedigi i¢in bu diizey varyansi agiklanmadan
kalmistir. Sonraki modellerde 6grenci ve okul diizeyi yordayicilart modele dahil edilerek ortalama
matematik basarisindaki varyans agiklanmaya ¢aligilmigtir.

Bu calismada, ii¢ diizeyli lineer gelisim modeli kullanilan bir¢ok ¢aligmanin aksine Ogrencilerin
matematik basarilarindaki gelisim gozlenememistir. Gelisimin gozlenememesinin bir nedeni testler
arasindaki korelasyonun olabilecegi diisiiniilmektedir. Esitleme caligmalarinda testler arasindaki
korelasyon katsayisinin 0.87’yi gegmesi istenir (Dorans 1998’den akt. Schneider ve Dorans, 1999).
Bu ¢alismada 6grencilere ait SBS puanlari arasindaki korelasyon katsayilari 0.62 ile 0.72 araliginda
degismektedir. Test puanlart arasindaki korelasyonun diisik olmasi test puanlarinin
karsilagtirilabilirligini olumsuz etkilemektedir (Dorans 1998°den akt Schneider ve Dorans, 1999). Bu
baglamda testlerin sinif diizeylerine gore farkli dizayn edilmeleri (yillara gore 6grencilere verilen
testlerin farkli sayida maddeye sahip olmalar1 ve testlerde ortak maddenin bulunmamasi gibi) de
farkli smmif diizeylerindeki SBS basar1 puanlariin karsilastirilabilirliklerini olumsuz etkiledigi
sOylenebilir. Gelisimin gdzlenememesinin bir diger nedeni de veri yapist olabilir. Calismada
kullanilan veriler soru bazindan ziyade kiimiilatif olarak elde edilmistir. Bu durum maddelere verilen
cevaplar arasindaki Oriintiiniin modellenmesini engellemistir. Cevap Oriintiisiiniin modellenmesiyle
testler arasindaki esitleme g¢aligmasi daha duyarli olmaktadir (Kolen ve Brennan, 2014). Dikey
Olceklemeyle farkli simif diizeylerindeki matematik test puanlarinin daha duyarli bir esdegerligin
saglanmasiyla Ogrencilerin matematik basarilarindaki kii¢iik degisimlerin modellenebilecegi
distiniilmektedir.

Ortaokulda bir 6grencinin matematik bagarisi gelisiminin olusmasi ve devam etmesi i¢in zamanin
dikkatli ve verimli kullamlarak 6grenme yasantilariin olusturulmasi gerekmektedir. Ogrenme igin
ayrilan siire igerisinde 6grencinin bulunmadigi bir 6gretim etkinligi, onun gergeklestirecegi 6grenme
yasantilarimin eksik olmasina neden olmaktadir (Altinkurt, 2008; Fidan, 2004; Ozbas, 2010; Sulu
Cavumirza, 2012). Bu baglamda devamsizlig1 fazla olan 6grencilerin matematik basarilarinin daha
diisiik olmasi1 beklenir. Bu calismada, bu beklentiyle paralel olarak “devamsizlik” degiskeninin
Ogrencilerin matematik basarilarini etkiledigi belirlenmistir. Benzer sekilde Yavuz ve Atar’in (2016)
caligmasinda 6grencilerin okula devam durumlarinin, 6grencilerin akademik basarilarini etkiledikleri
gorlilmiistiir. Diizey 2’de ele alinan bir diger degisken altinci sinif yilsonu basari ortalamalaridir.
Alan yazinda yilsonu basar1 ortalamalarimin &grencilerin gelecekteki sinav basarilarina etkisini
inceleyen caligmalar mevcuttur. Ornegin Cyrenne ve Chan (2012), 84 okuldan 5136 dgrenciden elde
ettigi veriler lizerinde HLM kullanarak ogrencilerin matematik basarisim1 incelemistir. Benzer
sekilde Finn, Gerber ve Wang (2002) ve Kim (2006) de 6grencilerin yilsonu basar1 ortalamalarmin
bir sonraki yil girdikleri sinavlara etkilerini incelemiglerdir. Aragtirmacilar incelemeleri sonucunda,
Ogrencilerin yilsonu matematik basar1 ortalamalar ile bir sonraki matematik sinavi basarilarinin
yordandigimi tespit etmislerdir. Baska bir ifade ile yi1lsonu matematik basar1 ortalamasinin bir sonraki
matematik smavi basarisini etkiledigi goriilmiistiir. Benzer sekilde, bu g¢alismada da yilsonu
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matematik basar1 ortalamasmin G6grencilerin altinct simif SBS matematik basarilarmi etkiledigi
belirlenmistir.

Okul diizeyinin analizi sonucunda, okul tiiriiniin 6grencilerin SBS matematik basarilarmi etkiledigi
belirlenmistir. Bu aragtirma bulgusuna benzer sekilde okul ve Ogrenci degiskenlerinin sekizinci,
onuncu ve 12.smif matematik basarilar iizerindeki etkisini arastiran Kim’in (2006) ¢aligmasinda
okul tiirliniin her {i¢ sinifta 6grenci basarisi iizerindeki etkisini gézlemlemistir. Her simif diizeyinde
de devlet okulu olmayan okullarda 6grenimine devam eden &grencilerin matematik basarilarinin
diger 6grencilere gore yiiksek oldugu belirlenmistir. Kim’in (2006) calisma drnekleminde bulunan,
devlet okulu olmayan bazi okullarin 6grencilerini sinav ile sectikleri bilinmektedir. Benzer sekilde
Tiirkiye’de de bazi 6zel okullar kendi O6grencilerini sinav ile belirlemektedirler. Bu ¢alismanin
ornekleminde bulunan okullara (verilere) MEB’in Ankara 6rnekleminden randum okul se¢gme talebi
ile ulasilmistir. Ulasilan okullarin isimleri etik ilkeleri gozetilerek arastirmacilara farkli bir kodlama
ile verilmistir. Bu nedenle galisma 6rneklemindeki 6zel okullarin 6grencilerini 6zel bir sinavla segip
segmedikleri bilinmemektedir. Eger ¢alisma 6rnekleminde bulunan 6zel okul 6grencilerini sinav ile
secti ise, bu okula giden dgrencilerin SBS basarilarinin yiiksek olmasi beklenilen bir sonugtur. Okul
tiiriiniin 6grenci basarisina etkisini inceleyen bir diger calisma Lee ve Smith’e (2001) aittir. Lee ve
Smith (2001), diisiik ve yiiksek sosyo-ekonomik statiiye sahip Ogrencilerin okul tiirlerine gore
matematik basarilarini incelemislerdir. Calismalarinin sonunda yiiksek sosyo-ekonomik statiiye
sahip 6grencilerin her tiirlii okulda 6grenmelerinin ve bu dogrultuda matematik basarilarinin yiiksek
oldugunu belirlerken, diisiik sosyo-ekonomik statiiye sahip Ogrencilerin devam ettikleri okullarin
tirlerinden etkilendiklerini belirlemislerdir. Son olarak devlet ve o6zel ilkogretim okullarinin
etkililigini 6gretmen gorisleriyle belirlemek isteyen Arslan, Satici ve Kuru’nun (2006) ¢alismalari
sonucunda, belirlenen boyutlarda 06zel okullarin devlet okullarindan daha etkili olduklart
belirlenmistir. Etkili okul ¢aligmalarinin incelendigi ¢alismada Turhan, Sener ve Giindiizalp (2017),
39 calismanin igerisinden sadece dort ¢alismanin devlet ve 6zel okul etkililigi karsilastirmasinda
bulundugunu ve bu saymin olduk¢a az oldugunu belirtmislerdir. Arastirmacilar bu konuda daha fazla
aragtirma yapilmasini vurgularken az ¢alismanin yapilmasindan dolay1 okul etkililigi konusunda net
bir yargiya ulasilamayacagini belirtmislerdir.

Sonug olarak, ii¢ diizeyli hiyerarsik lineer gelisim modeli analizi sonucunda 6grencilerin matematik
basarilarinda bir gelisme olmadig1 ancak, “altinci sinifta okula devam durumu, yilsonu matematik
not ortalamasinin ve okul tiiriiniin” 6grencilerin altinci siniftaki matematik basarilarini istatistiksel
olarak etkiledikleri goriilmiistiir. Arastirmada deneysel bir ¢calismanin yapilmamasi bu ¢aligmanin bir
smirliligini  olusturmaktadir. Bu nedenle etkili bulunan degiskenlerin, etkilerinin tam olarak
belirlenebilmesi i¢in bu degiskenleri iceren deneysel ¢alismalara ihtiyag duyulmaktadir.
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