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Abstract

It is approved that artificial neural networks are considerably
effective in analyzing flows in which traditional methods and statics are
inadequate to solve. In this article, we use a two-layer feedforward network
with tan-sigmoid transmission function in input and output layers with PISA
of Turkey and Organisation for Economic Cooperation and Development
(OECD) science level values. OECD Programme for International Student
Assessment (PISA) surveys reading, mathematical and scientific literacy
levels every three years. The PISA assessment works on young people’s
ability to apply their knowledge and skills to real-life problems and situations
rather than on how much curriculum-based knowledge they have.
Assessments are made on three core fields reading literacy, mathematical
literacy and scientific literacy. The conclusion is that PISA is an important
global benchmarking tool, but that bureaucrats and the media need to use
the rich data that have been collected together with information about
their academic performance. According to statistical evaluations, regression
value of ANN was higher than value of regression methods.
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Uluslararasi Pisa Test Sonuclarinin Yapay Sinir Aglar ve
Regresyon Yontemleri ile Degerlendirilmesi

0z

Yapay sinir aglar geleneksel yontemlerin ¢ozemedigi akislar: analiz
etmede oldukca etkili olabilmektedir. Bu ¢alismada Tiirkiye ve Ekonomik Ig
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birligi ve Kalkinma Teskilati (OECD) PISA bilim seviyesi degerleri ile girig-
¢tkis katmanlarinda tan-sigmoid iletim fonksiyonlu iki katmanl ileri besleme
yapay sinir agi kullamlmistir. OECD Uluslararas: Ogrenci Degerlendirme
Programi (PISA) her ii¢ yilda bir okuma becerilerini, matematik ve fen basart
performanslarmni test etmektedir. PISA degerlendirmesi, genc¢lerin bilgi ve
becerilerini sahip olduklar: miifredat tabanl bilgiye degil, gercek yasamdaki
sorunlara ve durumlara uygulama becerileri iizerine odaklanmaktadir.
Degerlendirmeler okuma-yazma, matematiksel okuryazarlik ve bilimsel
okuryazarlik olmak iizere ii¢ ana alanda yiiriitiilmektedir. Sonug¢ olarak,
PISA’nin onemli bir kiiresel kiyaslama aract oldugu goriilmekte, ancak
politika  yapicilarin  ve medyanin, toplanan zengin verilerle birlikte
ogrencilerin akademik performanslaryla ilgili bilgileri kullanarak daha iyi
degerlendirmelerde  bulunmalari  gerekmektedir. Yapilan istatistiksel
degerlendirmelere gore yapay sinir aglari yaklagiminin regresyon analizine
gore daha yiiksek degerler verdigi tespit edilmigtir.
Anahtar Kelimeler: PISA, Yapay Sinir Aglari, Regresyon Yontemi.

Introduction

The Programme for International Student Assessment (PISA) is an
international educational research conducted by the OECD that assesses
students’ knowledge and skills in the areas of mathematics, science and
reading skills. This research has been conducted every three years since
2000. The Programme for International Student Assessment (PISA) is a
triennial international survey which aims to evaluate education systems
worldwide by testing the skills and knowledge of 15-year-old students
(PISA, 2017).

Each year the PISA program focuses on reading skills, mathematics
and science literacy as one of the core areas. Reading skills in 2000,
mathematics literacy in 2003, and science literacy in 2006 were based on
PISA. In 2009, a nine-year new cycle began and emphasis was placed on re-
reading skills (MEB, 2009). Assessing PISA exams is also important in
terms of developing current policies and future comparisons, as well as
understanding the current situation (Cepni, 2016).

Anil (2008) analyzed the factors that affect students' mathematical
success by using PISA 2006 data with YEM. Demir and Depren (2010)
eveluated PISA 2006 results of the differences between Turkey emphasizing
their observations with data envelopment analysis. Turkey's PISA 2003
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mathematics achievement evaluated by statistical analysis by Unal and
Demir (2009).

Demir et al. (2010) used PISA 2006 data to examine the relationship
between mathematics success and gender, economic, social and cultural
status, educational resources at home, computer and communication.

Alacac1 and Erbas (2010) represented PISA 2006 differences
between schools using the data they tried to bring Turkey.

Toprak (2017) aims to compare the performance of artificial neural
network, decision trees and discriminant analysis methods to classify
student success.

Yorulmaz et al. (2017) determined the relationships between student
achievements, income distribution and expenditure on educational
institutions in the member countries of Organization for Economic Co-
operation and Development (OECD).

Exams are gaining importance regarding the ability to measure the
quality of education in a country. In this context, it is also important to
assess PISA exams in order to understand the current situation, as well as to
compare policies in the future and to develop policies for the future.
Comparative studies, in particular, contribute greatly to educators and policy
makers in the process of vision development and training planning (Aydin et
al. 2012).

Data and Methodology
The regression analysis

The regression analysis is one of the most widely used statistical
methods. They are used as techniques to facilitate analysis. In general, these
techniques enable researchers, assessors, policy makers and other groups to
analyze a large number of independent and dependent variant sets of data.
The best way to analyze such data is to simultaneously examine the
relationships and potential interactions between all variables.

The linear regression model can be written as in Equationl. Here,
by, by, by ... b, show the effect of each independent variable on the
dependent variable (Albayrak, 2012).

Y == bo + blxl + bzXz + - + bnxn (1)
Y = the dependent variable
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X1, X5 ... X, =the dependent variable

Artificial Neural Networks (ANNSs)

ANNSs is a machine learning prediction algorithm that is inspired by
animal nervous system. The structure of a feed-forward ANNSs is shown in
Figure 1. The ANNs model consisted of input, hidden and output layers.
The neural network topology is the interlinking between layers, number of
neurons as processing unit of ANNSs in each layer, and the transfer functions
between layers (Hann and Steurer, 1996; Hopgood, 2000)

Country Code : :
PISA Value z
PISA Value x, y
—

Sex

Input Layer Hidden Layer Output Layer

Figure 1. Structure of a feed-forward ANNs for PISA

The supervised learning method trained with the network structure
(Back-propagation Networks) will be used to solve problems in this study.
The transfer function (2), (VN is normalized data, Vmin is the minimum
value of the data, Vmax is the maximum value of the data) mostly used a
sigmoid or a logistic function, gives values in the range of [0,1] and can be
described as (normalization) (Jain et al., 1996):

Vy=08x (-2min) 4 01 @)
This study used the sigmoid activation function. ANNs can work
with a small data set; and it seems better than other methods because it has

such significant features such as generalization, learning from data, working
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with unlimited number of variables and no need for any information about
the problem in advance.

ANNSs can be used in predicting methods based on both cause and
effect relations. For the estimation problem based on the causal relation, the
inputs of ANNSs represent independent variables. The output is dependent
variable.

The basic element of an ANNSs is Artificial Neurons. These neurons
multiple their inputs (xi) with variable weights and values obtained from
this process transform with an activation function (f(n)) to output value (yi).
These formulas (Krenker et al., 2011) can be seen in equation (3) and (4).

Y Wix; +b (3)
y = f(n) = f(XF_, Wix; + b) (4)

In this study, the model was established with different hidden layer
numbers (1-10) and the number of neurons (1-20) by PISA data values.
TrainLM was used as training function, learngDM as learning function, and
mean square error (MSE) as performance variable. Equation 5 is used as the
error squared average (MSE) function.

MSE = = (Yie—Yi)? (5)

Y; : values; Yj; : predict value ; n : number of data

Neural Network Toolbox of MATLAB (Demuth and Beale, 1993)
was used for the ANNSs calculations. Data were divided into three equal
parts: training, validation and test sets. The Matlab functions were used
randomly for these three parts; 70% in training, 15% in testing, and 15% in
the validation of data (Valipour, 2016). The statistical analyses were
performed using SPSS software (SPSS Inc., USA) whereas the model was
studied by the use of Matlab (Release 2015a) program.

Results and Discussion

Figure 2 and 3 show the distributions of the PISA values according
to genders in 40 countries for the years 2006 (x), 2009 (y) and 2012 (z).
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Figure 2. The PISA value of country and OECD for boys
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Figure 3. The PISA value of country and OECD for girls

The descript of statistical and ANNs PISA values (maximum,
minimum and mean) are shown in Table 1. The calculated approach based
on ANNSs to determine the change in PISA Education value (Table 1, Figure
4). The conclusion is that PISA is an important global benchmarking
instrument, but that policy makers and the media need to make better use of
the rich data that have been collected together with information about
students’ academic performance. According to statistical evaluations,
regression value of ANNs was higher than value of regression Methods.
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Table 1. Results (min, max, mean) with statistical value and ANNs
Vears BOYS GIRLS
min max Mean ANNs min max mean ANNs
2006 395 562 494.05 792.0891 386 565 491.30 486.3721
2009 378 546 494.6 502.2169 397 562 495.02 488.5094
2012 380.41 551.95 495.79 500.8158 383.46 553.89 495.03 501.7504
Mean 378 562 494.83 498.3739 383.46 565 493.80 492.2107
o 201 2 A VETAZE 21 2 — A verage
570 570
§ 520 g2 .
£ 470 § 470
= 420 é 420
370 & 370
min  max mean ANNs min max mean ANNs
Boys Girls

Figure 4. Grafical results

When the general averages are examined, the values of the ANNSs
and the average values of all the data are very close to each other. These
results also show us that the learning process is very good and that the
obtained ANNSs data can be estimated.
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Figure 5. Results (training, validation, test and all) for girls

ANNSs results were obtained using our training data and our ANNs
network. ANNSs results for PISA values of female individuals are presented
in Figure 5.

Statistical calculations such as the determination coefficient
correlation (r) and mean square error (MSE) were used to test the
performance of the developed ANNs. The calculated MSE values for ANNs
model and observed values were calculated as 988.3 and 1252.4
respectively. The coefficient correlation (r?) calculated by regression model
and ANNs model were 0.861 and 0.879 respectively. The MSE value was
also found to be smaller than the observed data. According to these results;
the performance of the ANNs model has been found to be better.

Conclusion

Education is a long-term investment that is an important contributor
to the development of individuals and societies. Therefore, developed and
developing countries attach more importance to education investments. In
this study, the existing PISA variables of OECD countries have been
evaluated. Moreover, the educational output of these educational investment
variables with artificial neural networks has been researched.

In fact, almost all of the investments made in education are made
directly or indirectly to the students. Everything is to support the success of
the students, even the changes in the teachers, the physical structure of the
school and even the regulations. Therefore, the investment made in
education affects the success of the student positively.
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PISA is aimed at questioning life skills; to assess the extent to which
information and skills learned by individuals can be used for effective use in
society. PISA values used in this study can also be predicted by regression
and artificial neural networks in the following years. OECD countries offer
an opportunity to oversee their education systems in the coming years.

As a result; according to regression analysis, artificial neural
networks were found to have both better predictive ratios and real
relationships between variables. In similar studies to be done for this reason,
the use of artificial neural networks as well as traditional statistical methods
can be recommended for both researchers and practitioners.
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Extended Summary

Uluslararasi Pisa Test Sonuclarinin Yapay Sinir Aglar ve
Regresyon Yontemleri ile Degerlendirilmesi

Giris

Uluslararas1 Ogrenci Degerlendirme Programi PISA (Programme for
International Student Assessment), Ekonomik Is Birligi ve Kalkinma Orgiitii
OECD’nin (Organisation for Economic Cooperation and Development) li¢
yillik aralarla diizenledigi ve 15 yas grubu 6grencilerin kazandiklari bilgi ve
becerilerin (okuma becerileri, fen ve matematik basar1 performanslari)
degerlendirilmesine yonelik yapilan bir tarama arastirmasidir.

PISA test programi, temel alanlardan biri olarak okuma becerileri,
matematik ve fen okuryazarligi iizerine odaklanmaktadir. PISA testleri;
2000 yilinda okuma becerileri, 2003'te matematik okuryazarligir ve 2006'da
fen okuryazarligina odaklanmistir. 2009'da dokuz yillik yeni bir dongiiye
baglanarak ve yeniden okuma becerilerine agirlik verilmistir. PISA
snavlarmin  degerlendirilmesi, giincel politikalarin  ve  gelecekteki
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karsilagtirmalarin  gelistirilmesinin yani sira mevcut durumu anlamak
acgisindan da 6nem tasimaktadir.

Anil (2008), YEM ile PISA 2006 verilerini kullanarak 6grencilerin
matematiksel basarisini etkileyen faktorleri analiz etmistir. Demir ve Depren
(2010), PISA 2006 sonuglarii veri zarflama analizi ile incelemistir. Unal ve
Demir (2009), Tirkiye'nin PISA 2003 matematik basaris1 istatistiksel
analizle degerlendirmistir. Demir ve ark. (2010) PISA 2006 verilerini,
matematik basarisi ile cinsiyet, ekonomik, sosyal ve kiiltiirel durum, evdeki
egitim kaynaklari, bilgisayar ve iletisim arasindaki iligskiyi incelemek igin
kullanmislardir. Alacact ve Erbag (2010), PISA 2006 verilerini kullanarak
Tiirkiye’deki okullarin farkliliklarin1 ortaya ¢ikarmaya calismiglardir.
Toprak (2017), 0grenci basarisin1 siiflandirmak i¢in yapay sinir aginin
performansini, karar agaglarin1 ve ayirici analiz yontemlerini kullanmistir.
Yorulmaz ve ark. (2017), Ekonomik Is birligi ve Kalkinma Orgiitii (OECD)
iyesi tilkelerdeki egitim kurumlarina ait 6grenci basarilari, gelir dagilimi ve
harcamalar1 arasindaki iligkileri incelemislerdir.

Bir iilkedeki egitim kalitesini dlgme becerisi, sinavlar ile onem
kazanmaktadir. Bu baglamda, mevcut durumu anlamanin yani sira gelecege
yonelik politikalar1 karsilagtirmak ve gelecek i¢in politikalar gelistirmek i¢in
PISA smavlarmi degerlendirmek de &nemlidir. Ozellikle karsilastirmali
caligmalar vizyon gelistirme ve egitim planlamasi siirecinde egitimciler ve
politika yapicilara biiyiik katkida bulunmaktadir.

Bu ¢alismada, PISA test sonuglar1 yapay sinir aglar1 ve regresyon
analizi yontemleri ile incelenmistir.

Metodoloji

Regresyon Analizi, Ol¢iisii alinabilen bir veya daha fazla degiskenin,
tizerinde etkili oldugu degerlendirilen bagka bir degiskenle arasindaki
iliskinin modellenmesi olarak karsimiza ¢ikmaktadir. Regresyon tekniginde,
etkileyen degiskenlere agiklayici degisken (bagimsiz degisken), etkilenen
degiskenlere de bagimli degisken adi verilmektedir. Regresyon modelleri
dogrusal ya da dogrusal olmayan modeller olarak siniflandirilabilir.

Insan beyin fonksiyonundan esinlenen yapay sinir aglari, deneme
yanilma yolu ile 6grenme ve genellestirme yapabilmektedir. Yapay sinir
aglarmin kullanildig1 6nemli alanlardan biri de gelecegi tahmindir. Yapay
sinir aglari, veriler arasindaki bilinmeyen ve fark edilmesi giic iligkileri
ortaya ¢ikartabilir.
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Bu calismada, Uluslararast Ogrenci Degerlendirme Programi PISA
test sonuglart regresyon analizi ve yapay sinir aglart ile birlikte
degerlendirilmistir.

Sonu¢

Bu calismada MATLAB Neural Network Toolbox ve SPSS
yazilimlar1  kullamilmistir.  PISA, yasam  becerilerini  sorgulamay1
amaglamakta olup, bireylerin 6grendigi bilgi ve becerilerin toplumda etkili
bir sekilde kullanilabilmesi i¢in ne derece kullanilabilecegini
degerlendirmektedir. Bu ¢alismada kullanilan PISA degerlerinin, sonraki
yillarda regresyon ve yapay sinir aglart ile de tahmin edilebilecegi
gosterilmistir.

Egitim, bireylerin ve toplumlarin gelisimine 6énemli katkida bulunan
uzun vadeli bir yatirimdir. Bu nedenle, gelismis ve gelismekte olan iilkeler
egitim yatirimlarima 6nem vermektedir. Bu ¢alismada, OECD filkelerinin
mevcut PISA test sonuclari, yapay sinir aglari ile egitim ¢iktilart
degerlendirilmistir. Gelistirilen yapay sinir ag1 modelinin performansin test
etmek icin korelasyon katsaysi () ve ortalama karesel hata (MSE) gibi
istatistiksel hesaplamalar kullanilmistir. YSA modeli ve regresyon modeli
icin hesaplanan MSE degerleri sirasiyla 988.3 ve 1252.4 olarak
hesaplanmistir.  YSA modeli ve regresyon modeli i¢in korelasyon
katsayisinin () sirasiyla 0.879 ve 0.861 oldugu tespit edilmistir. Yapay
sinir aglarinda MSE degerinin gozlenen veriden daha kiiciik oldugu
goriilmektedir. Bu sonuclara gore; YSA modelinin performansinin daha iyi
oldugu tespit edilmistir.

Sonug olarak yapay sinir aglar1 regresyon analizine gore hem daha
Iyi tahmin oranlarinda bulunmus hem de degiskenlerin arasinda bulunan
gercek iligkiyi ortaya c¢ikarabilmistir. Bu nedenle yapilacak benzer
calismalarda geleneksel istatistiksel yontemlerin yani sira yapay sinir

aglarindan yararlanilmasi hem arastirmacilara hem de uygulayicilara tavsiye
edilebilir.
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