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Abstract 
Professional development of teachers is assumed to be essential for successful education in every 
country due to the technological developments and changes in social and economic textures of the 
societies. Science achievement of the students may relate to the professional development of the 
teachers. Due to that fact science teachers need to improve themselves throughout their careers to 
update their knowledge, skills, attitudes and approaches according to the new teaching techniques 
and objectives, new conditions and educational research. Trends in International Mathematics and 
Science Study 2015 (TIMSS) provided valuable data about professional development of science 
teachers. Therefore, the purpose of this research is to determine and compare the science teachers’ 
professional development effect on the 8th grade students’ science achievement in Singapore, Korea 
and Turkey by using the data from TIMSS 2015. The countries in this study have different teacher 
training and professional development approaches. Therefore, examining and comparing practices 
related to professional development of different countries may give a detailed picture of how beneficial 
their policies are. In this quantitative research the sample consisted of 5309 Korean, 4257 
Singaporean, and 6079 Turkish students and 220 teachers from Korea and Turkey each and 334 from 
Singapore taken the TIMSS 2015. It is aimed to find out that the determinants regard to science 
teachers' professional development affecting the science achievement of the students is determined 
and compared by using regression analysis. As a result of the study, although there is significant 
relationship between science achievement and variables regarding to science teachers' professional 
development in Turkey and Singapore, no relationship is found in Korea. In Turkey, teacher 
participation in professional development related to improving students’ “Critical Thinking or Inquiry 
Skills” in the past two years has the most positive affect on science achievement of Turkish students. 
On the other hand, in Singapore, teacher participation in professional development related to “Science 
Curriculum” in the past two years has positive affect on science achievement of Singaporean students. 
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1 INTRODUCTION  
Professional development has main purpose of helping students achieve better and it is designed to 
improve their learning. At least, educational reformers try to find policies regarding evaluation, 
programs, and professional development in order to improve teaching by assuming that dealing with 
these components may change teachers’ instructions to improve student achievement [1]. 
Professional development may vary from formal to informal. Teachers are given professional 
development in-service formal, structured topic-specific seminars and also it is possible to have 
informal discussions with other teachers about instructional methods which may improve their 
knowledge and skills and their teaching practice, also contribute to their personal, social, and 
emotional growth as teachers. These activities or parts of them are called as professional 
development by different researchers [2].  

Science and Mathematics content and pedagogical content have a great deal importance in 
professional development. However, the studies show that the nature of pedagogical content 
knowledge is so complex since the form of teachers’ professional knowledge is highly topic, person, 
and situation specific [3]. Besides, for the decades instructional strategies like cooperative learning are 
also included in professional development [4]. Studies on professional development show that content 
specific pedagogical processes have a greater impact on student learning compared to teaching skills 
like instructional strategies [1, 5, 6]. On the other hand, Buczynski and Hansen [5] propose that some 
teachers can transfer knowledge/skills gained in professional development to their classrooms but 
others cannot because of the obstacles as limited resources, time constraints, mandated curriculum 
pacing, language learning, and classroom management issues.  
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Professional development is mostly served for the teachers with already strong content area expertise 
more than the teachers with gaps in content knowledge [7]. Professional development programs 
aimed at the development of teachers’ content knowledge cannot be limited to providing teachers with 
subject matter but it should include instructional strategies and to reflect, individually and collectively, 
on their experiences [3]. 

Although some of the high-quality professional development programs show that they improve teacher 
effectiveness, investing in professional development and what aspects of these programs are 
beneficial is still unclear [8]. There is little evidence to support that professional development is 
effective in achievement of the students. It is argued that understanding the student needs and their 
gaps in learning are the main factors in designing the professional development for teachers [4].  

Supovitz and Turner [9] state that there are not many studies that show a relationship between 
science teaching practices and student achievement in Science. In addition to that some teachers 
report that the professional development they get is not useful because it is disconnected what they 
teach [4]. It is mostly because professional development is affected by some background contextual 
factors in relation with the learning needs of the teachers like the traditions, culture mores, policy 
environments and school conditions of a particular country [10].  

There are some large scale studies like TIMSS which put forward the amount of the teacher 
participation in professional development by asking teachers in the background questionnaires. 
However, they do not try to define to what extent the professional development explains the student’s 
achievements. TIMSS data is a useful source to do secondary analysis to determine the amount of the 
impact of professional development areas on students’ achievement as it questions the different areas 
of it. Therefore, the purpose of this research is to determine and compare the Science teachers’ 
professional development affecting the 8th grade students’ Science achievement in Singapore, Korea 
and Turkey by using the data from TIMSS 2015.  

The countries in this study have different teacher training and professional development approaches. 
Singapore and Korea which are top five achievers provide more professional development 
opportunities for Science teachers than Turkey. Singapore is the top achiever at eighth grade in 
Science with 597. Korea is also in the top five with 556. Turkey is the 21st with 493. Examining and 
comparing practices related to professional development of different countries with different 
achievement rates may give a detailed picture of how beneficial their professional development 
policies are. 

2 METHODOLOGY 
In this quantitative research the sample consisted of 5309 Korean, 4257 Singaporean, and 6079 
Turkish students and 220 teachers from Korea and Turkey each and 334 from Singapore participated 
in TIMSS 2015. The determinants regarding to Science teachers' professional development affecting 
the Science achievement of the students is determined and compared by using regression analysis. 
Also, standard regression analysis and stepwise regression analysis are tested by the variance factors 
affecting Science achievement.   

TIMSS is the largest international assessment study of educational achievement in mathematics and 
Science. TIMSS is an international assessment of Mathematics and Science at the fourth and eighth 
grades that has been conducted every four years since 1995. In 2015, 57 countries and 7 
benchmarking entities participated in TIMSS [11]. TIMSS 2015 argues that content-focused 
professional development is one of the important determinants for empowering student success in 
mathematics and science, and teachers are provided with the recent developments in the field [11]. In 
order to find out the percentage of the teachers' participation of professional development areas, 
TIMSS 2015 collected data of “Teacher Participation in Professional Development in Science in the 
Past Two Years” reported by teachers in 7 various areas which are Science Content (SCI Content), 
Science Pedagogy/Instruction (SCI Pedagogy), Science Curriculum (SCI Curriculum), Integrating 
Information Technology into Science (Integration IT in SCI), Improving Students’ Critical Thinking or 
Inquiry Skills (Critical Thinking), Science Assessment (SCI Assessment), Addressing Individual 
Students’ Needs (Student Needs).  

TIMSS 2015 determined the percentage of the teachers’ participation in the related areas. The results 
of the per cent of “Science Teachers’ Teacher Participation in Professional Development in Science in 
the Past Two Years” can be seen in Table 1. 
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Table 1. TIMSS 2015, Science Teachers’ Teacher Participation in Professional Development in Science in 
the Past Two Years 

Country SCI 
Content 

SCI 
Pedagogy 

SCI 
Curriculum 

Integration 
IT in SCI 

Critical 
Thinking 

SCI 
Assessment 

Student 
Needs 

Korea, Rep. of 69 76 56 46 47 50 39 

Singapore 70 91 67 67 65 59 40 

Turkey  24 22 18 22 16 28 12 

As shown in Table 1 according to the data derived from TIMSS 2015, it is seen that Korea and 
Singapore provide their teachers with professional development to a great extent. Besides, these 
trainings are in various areas. However, it is also observed that “SCI Pedagogy” is the most preferred 
area. 

3 RESULTS 
In this section the results of the regression analysis is presented to define the determinants between 
Science achievement and Science teachers’ professional development for Turkish students, 
Singaporean students and Korean students. 

3.1 Determinants between Science Achievement and Science Teachers’ 
Professional Development  

Findings obtained from regression analysis related to each country in this study are given in below 
sections.  

3.1.1 Findings related to Turkish students  

Table 2. Regression analysis of Science achievement of Turkish students 

Determinant B Std. Er. Beta T p Zero-
Order Partial 

Constant 592,517 9,988   59,324 ,00     

SCI Content 2,006 3,338 ,009 ,601 ,55 -,066 ,008 

SCI Pedagogy -2,325 3,735 -,010 -,622 ,53 -,103 -,008 

SCI Curriculum -31,776 4,054 -,125 -7,838 ,00 -,161 -,102 

Integration IT in SCI -12,722 3,181 -,056 -3,999 ,00 -,102 -,052 

Critical Thinking 13,629 3,719 ,054 3,664 ,00 -,021 ,048 

SCI Assessment -11,928 3,140 -,057 -3,799 ,00 -,110 -,050 

Student Needs -12,782 4,308 -,041 -2,967 ,00 -,065 -,039 

R= 0.19, R2 = 0.034,  F(7, 5858) = 29,60,  p < .01 

As shown in Table 2, it was found that there is a meaningful relationship between total variance of 7 
predictive variables and science achievement (F (7, 5858) = 29,60  p < .01). These variables clarified 
for approximately the 3,4 % of the total variance in Science achievement, the dependent variable. 
While the main determinant influencing Science achievement positively in Turkey is "Critical Thinking"; 
"SCI Curriculum" determinant is the most negative determinant. 

According to stepwise regression analysis, the mathematical model is demonstrated below: (appendix 
2): 

Science Achievement = 592,593 + -32, 26*(SCI Curriculum) - 12, 89*(Integration IT in SCI) - 12, 
02*(SCI Assessment) + 13, 80*(Critical Thinking) - 12, 59*(Student Needs) 

"SCI Curriculum" is the predictor variable that provides the negative highest contribution to the 
regression equation and the explanation rate is 2,6 %. 
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3.1.2 Findings related to Singaporean students  

Table 3. Regression analysis of science achievement of Singaporean students 

Determinant B Std. Er. Beta T p Zero-
Order Partial 

Constant 615,309 5,922   103,909 ,000     

SCI Content -7,728 2,676 -,042 -2,888 ,004 -,034 -,037 

SCI Pedagogy -15,738 4,048 -,055 -3,888 ,000 -,041 -,050 

SCI Curriculum 15,775 2,774 ,088 5,687 ,000 ,043 ,073 

Integration IT in SCI -2,717 2,436 -,015 -1,115 ,265 -,015 -,014 

Critical Thinking 3,616 2,586 ,020 1,399 ,162 ,006 ,018 

SCI Assessment -,288 2,443 -,002 -,118 ,906 -,008 -,002 

Student Needs -11,457 2,387 -,066 -4,800 ,000 -,064 -,061 
R= 0.11, R2 = 0.012,  F(7, 6108) = 10,60,  p < .01 

Table 3 shows that, there is a meaningful relationship between total variance of 7 predictive variables 
and science achievement (F (7, 6108) = 10,60  p <.01). These variables clarified for approximately the 
1,2 % of the total variance in science achievement, a dependent variable. Determinant that affects 
Science achievement positively in Singaporean students is "SCI Curriculum". However, the most 
negative determinants are the "SCI Pedagogy", and "SCI Content". 

According to stepwise regression analysis, the mathematical model is demonstrated below: (appendix 
3):  

Science Achievement = 614,583 - ,11,06*(Student Needs) + 16,20*(SCI Curriculum) - 15,17*(SCI 
Pedagogy) - 7,93*(SCI Content).  

"SCI Curriculum" provides the positive highest contribution to the regression equation. 

3.1.3 Findings related to Korean students  

Table 4. Regression analysis of science achievement of Korean students 

5 B Std. Er. Beta T p Zero-
Order Partial 

Constant 555,549 4,160  133,532 ,000   

SCI Content -1,865 2,612 -,012 -,714 ,475 -,009 -,009 

SCI Pedagogy -1,029 2,619 -,006 -,393 ,694 -,009 -,005 

SCI Curriculum 1,554 2,336 ,010 ,665 ,506 ,000 ,008 

Integration IT in SCI -1,929 2,129 -,013 -,906 ,365 -,008 -,011 

Critical Thinking ,863 2,418 ,006 ,357 ,721 ,001 ,004 

SCI Assessment -,864 2,189 -,006 -,394 ,693 -,004 -,005 

Student Needs 2,347 2,109 ,016 1,113 ,266 ,011 ,013 
R= 0.22, R2 = 0.00,  F(7, 6839) = ,45,  p > .01 

As Table 4 presents, there is no a meaningful relationship between total variance of 7 predictive 
variables and science achievement (F (7, 6839) =,45  p > .01). The stepwise regression analysis is not 
provided the mathematical model because there is no meaningful relationship between the total 
variance of 7 predictive variables and science achievement. 
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4 DISCUSSIONS AND CONCLUSIONS 
In the light of selected determinants, it is concluded that all three countries have low coefficients. 
Although there is significant relationship between science achievement and variables in Turkey and 
Singapore, no relationship is found in Korea. In Turkey, teacher participation in professional 
development related to improving students’ “Critical Thinking or Inquiry Skills in the past two years” 
has the most positive affect on science achievement of Turkish students. In another study, In Turkey, 
‘teamwork' factor also seemed to be the most important factor contributing to students' Science 
literacy, when compared to Germany, Korea and Turkey [12].  

In Singapore, teacher participation in professional development related to “SCI Curriculum” in the past 
two years has positive affect on science achievement of Singaporean students. On the other hand, the 
determinant “SCI Curriculum” that is associated with the professional development in Turkey has the 
most significant negative impact on science achievement of Turkish students. Besides, the 
determinant “SCI Pedagogy” has the most negative impact on science achievement of Singaporean 
students. Kaya and Elster [13] found that the determinant “extra-curricular activities” associated with 
the curriculum has also the most significant positive impact on environmental literacy among 
Singaporean, Estonian and German students.  

It is seen that professional development in three countries do not contribute to student achievement to 
the extent it is expected. Especially in Turkey, it can be concluded that professional development on 
information technologies and science curriculum should be provided more effectively. Professional 
development on science curriculum in Singapore has positive affect on science achievement of 
Singaporean students. Therefore, the procedure and policies of professional development in 
Singapore should be observed and necessary policy borrowing can be done.  

In brief, In order to be successful in professional development, student needs and their gaps in 
learning should be the main factors in designing the professional development for teachers [4]. 
Although there are some determinants affecting the students’ science achievement in the countries in 
this study, it can be concluded that professional development has no significant effect on the 
achievement of student in Science.  
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APPENDIXES 

Appendix 1: P-P Plot of Regression 

   
 Figure 1. P-P Plot of Regression (Turkey).  Figure 2. P-P Plot of Regression (Singapore) 

 
Figure 3. P-P Plot of Regression (Korea) 

Appendix 2: Stepwise Regression Analysis of Science Achievement for Turkey 

Model Factor B Std. Er. Beta t p R R2 
1 (Constant) 566,063 6,135   92,270 ,000 ,16 ,026 
 SCI Curriculum -40,830 3,269 -,161 -12,491 ,000   
2 (Constant) 582,247 7,112   81,867 ,000 ,17 ,029 
 SCI Curriculum -36,400 3,410 -,144 -10,674 ,000   
 Integration IT in SCI -13,626 3,044 -,060 -4,477 ,000   
3 (Constant) 588,935 7,378   79,826 ,000 ,18 ,031 
 SCI Curriculum -32,214 3,627 -,127 -8,883 ,000   
 Integration IT in SCI -12,113 3,074 -,054 -3,940 ,000   
 SCI Assessment -9,899 2,937 -,048 -3,370 ,001   
4 (Constant) 577,421 8,276   69,769 ,000 ,18 ,033 
 SCI Curriculum -32,371 3,624 -,128 -8,932 ,000   
 Integration IT in SCI -14,117 3,141 -,062 -4,495 ,000   
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 SCI Assessment -12,699 3,075 -,061 -4,130 ,000   
 Critical Thinking 10,983 3,587 ,043 3,062 ,002   
5 (Constant) 592,593 9,758   60,729 ,000 ,19 ,034 
 SCI Curriculum -32,261 3,622 -,127 -8,906 ,000   
 Integration IT in SCI -12,892 3,166 -,057 -4,072 ,000   
 SCI Assessment -12,021 3,081 -,058 -3,901 ,000   
 Critical Thinking 13,798 3,712 ,054 3,718 ,000   
 Student Needs -12,586 4,296 -,041 -2,930 ,003   

Appendix 3: Stepwise Regression Analysis of Science achievement for Singapore 

Model Factor B Std. Er. Beta t p R R2 

1 (Constant) 609,221 3,708   164,293 ,000 ,064 ,004 

 Student Needs -11,071 2,212 -,064 -5,004 ,000   

2 (Constant) 598,514 4,477   133,674 ,000 ,084 ,007 

 Student Needs -12,614 2,239 -,073 -5,634 ,000   

 Science Curriculum 9,904 2,328 ,055 4,254 ,000   

3 (Constant) 611,374 5,354   114,182 ,000 ,101 ,010 

 Student Needs -11,982 2,240 -,069 -5,348 ,000   

 Science Curriculum 13,623 2,476 ,076 5,502 ,000   

 Science Pedagogy -17,180 3,936 -,060 -4,365 ,000   

4 (Constant) 614,583 5,457   112,625 ,000 ,107 ,012 

 Student Needs -11,060 2,260 -,064 -4,894 ,000   

 Science Curriculum 16,197 2,619 ,090 6,184 ,000   

 Science Pedagogy -15,169 3,990 -,053 -3,802 ,000   

 Science Content -7,929 2,645 -,043 -2,997 ,003   
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