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National Assessment in Mathematics (9th Grade) 

Executive Summary 

 

I. National Assessment  –  Assessment Framework 
 

The goal of the National Assessment.The National Assessment aims to help education 

policymakers make informed decisionswhich improve teaching and learning processes 

countrywide. The assessmentprovides a reliable and unbiased picture of the education system. It 

mainly aimsto inform education policy makers, school leaders, teachers, educational institutions, 

researchers and parents about the most importantdeterminants of student achievement. The 

National Assessment provides the opportunity to answer two important questions:  

1) At what level are student’s achieving? 

2) How do education policy and practice impact student achievement? 

 

The National Assessment in Mathematics. Equal access to education as well as a high quality 

education, particularly in mathematics,are significant factors in student success. Due to far 

reaching technological innovations and their application of mathematics, student achievement in 

mathematics receives a great deal of attention and is particularly important. The National Council 

of Teachers of Mathematics argues that a good knowledge of mathematics provides students with 

the opportunity to pursue further education and seek out better, higher paying employment 

options. Importantly, mathematics has become a“critical filter” of students, because inadequate 

preparation in this field limits their career choice (Dundas, 2009).Therefore, equal access to high 

quality mathematics education is of crucial importance (ibid).  

Considering theimportance of theeffective teaching and learning of mathematics,evaluating the 

factors whichinfluence access to and quality of math instruction is highly important. The results 

of international educational research (Trends in International Mathematics and Science Study - 

TIMSS 2007, 2011 and the Programme for International Student Assessment -PISA 2009+) suggest 

that the teaching and learning of Mathematics face two major challenges in Georgia: 

1) Quality concerns: Despite aslight, positive change between TIMSS 2007,2011 and 2015, the 

general achievement ratein Georgia in mathematics is still below the international average. The 

percentage of students who do not have basic, minimum competences in mathematics remains 

high, at28% in the 4th grade and 38% in the 8th grade; 

2) Equity: The education system does not provide equal opportunities for thedevelopment and 

learning of mathematics. Student achievement in mathematics varies across learning environment 
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characteristics (e.g. school location, school type, etc.) and student social and economic status 

(SES).  

In light of the current situation, it is evident that monitoring and supporting mathematics 

teaching and learning is of the utmost importance. Conducting a national educational assessment 

atthe end of basic education can make a significant contribution to this process. The 9th grade is 

the end of the compulsory education programme in Georgia. Conducting the National Assessment 

at this stage provides the opportunityto judge:  

- What the level of knowledge and skills of students who complete the compulsory educational 

course is; 

- How much the knowledge and skills that students acquire through school education help 

them deal with daily challenges; 

- Whether students are ready to successfully pursue further education or take active part in 

community life upon completion of basic education. 

Design and methodology of the National Assessment.The goal of theNational Assessment is to:  

1) Assess student achievement; 

2) Explore the causes of the differences in student achievement. 

The National Assessment is designed with these goals in mind.  

The academic achievement of 9th grade students is evaluated in compliance with the achievement 

standards within the National Curriculum. The study’s main research questions are:  

- What is student achievement in mathematics?  

- What are the strengths and weaknesses of student knowledge and the cognitive skills they 

demonstrate? 

- What arestudents’ attitudes towards mathematics?  

The assessment of factors influencing student achievement aims to analyse the context of teaching 

and learning of mathematics. The major research questions are:  

- To what extent does the system ensure equal opportunities for students to develop and 

receive an education?  

- Do performance indicators change across environmental characteristics (e.g. school 

resources,level ofteacher preparation and competences, school type) or student SES?  

- Which factors are associated with student performance?  

- Are existing educational resources (e.g. textbooks, teacher qualification, etc.) compatible with 

the demands stipulated inthe National Curriculum?  
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In order to carry out in-depth analysis of student performance, it is crucial to scrutinize the 

factors which have an impact on student achievement. The National Assessment utilizes several 

questionnaires for the purpose of exploring contextual factors. These include theStudent 

questionnaire, Teacher questionnaire, School questionnaire (for school principals), and Parent 

questionnaire. For the purpose of examining significant issues related to the National Curriculum 

within the National Assessment, a qualitative research method was applied.  

Figure 1: Design of the National Assessment Framework  

 

Evaluating student achievement:Math test structure and content 

The math test content is in full compliance with the National Curriculum and measures student 

achievement in two domains: Subject area and Cognitive field. Subject knowledge in mathematics 

was assessed through items coveringfour content areas: 1) Numbers and operations; 2) Geometry 

and spatial perception; 3) Patterns and algebra; 4) Data analysis, probability and statistics. Each 

item included in the test allows us to assess student achievement in one of three cognitive 

domains: knowledge, application and reasoning. 
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Achievement test structure: Content areas 

Numbers and operations  
- Numbers and their application, representation of 

numbers; 

- Operations on numbers and numerical correlations; 

- Quantitative reasoning and approximation; 

- Quantities, units of measure, and other applications of 

numbers. 

Geometry and spatial 

perception  

 

- Geometric objects: their properties, relation and 

construction; 

- Size and measurements; 

- Transformation and symmetrical figures; 

- Coordinates and their application ingeometry. 

Patterns and algebra 

 

- Sets, reflection, functions and their use; 

- Elements of discrete mathematics and their application; 

- Algebraic operations and their properties.  

Data analysis, probability and 

statistics  

 

- Methods of data organization and data representation; 

- Summative numerical characteristics of data; 

- Probabilistic models. 

 

Achievement test structure: Cognitive domains  

Knowledge  
- Recollection – definition, terms, properties of numbers, 

geometric properties, indications; 

- Guessing – recognition of mathematical objects, figures, 

numbers and their representation; 

- Calculation – conducting algorithmic actions on 

numbers, approximation, algebraic transformations; 

- Reception of information – reading graphs and tables; 

- Measuring – application of measuring equipment;  

- Classification/sorting – classification of objects, shapes, 

numbers and images. 
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Application  

 

- Selection – finding the most effective/relevant methods 

or strategies to solve a problem; 

- Presentation – presenting data and mathematical 

information through drawing tables or graphs; 

- Modeling–Creating a relevant model (e.g. anequation or 

chart) in order to solve a problem;  

- Performance–accomplishing a sequence of mathematical 

instructions, constructing shapes in accordance with a 

given task;  

- Solving standard problems –solving problems, which are 

similar to tasks that were preliminarily solved during 

class work.  

Reasoning 

 

- Analysis –establishing links between variables and objects 

and giving relevant descriptions; 

- Generalization–expansion, generalization of 

mathematical reasoning or a solution method; 

- Synthesis/unification – unifying mathematical operations 

in order to get the results and unification of results in 

order to generate further results;  

- Justification – proving mathematical statements through 

indication of mathematical results or properties; 

- Solving non-standard problems – solving problems, 

which are not similar to those tasks that were 

preliminarily solved duringclass work. 

 

Contextual framework  

Teaching and learning is not an isolated process. Accordingly, the National Assessment in 

Mathematics for the 9th grade aims not only to measure overall academic progress, but also to 

collect information on contextual factors which influence the current achievement rate.Thus, the 

assessment describes the educational, national and social context for teaching and learning 

mathematics. The assessment framework for the National Assessment is composed of four broad 

domains:  

- Education policy and social context; 

- School context; 

- Classroom context; 

- Student characteristics and attitudes. 
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In the process of selecting contextual factors to be explored through the National Assessment, the 

NAEC team has been guided on theone handby existing data, and on the other hand, by the 

current educational context. That is to say, the specificities and needs of the school system have 

been taken into account.  

The school context 

Usually, school educational resources and school environment have an impact on the efficiency of 

implementing school curriculum. An efficient school is not merely a collection of certain 

characteristics. Rather, it is an organizational system consisting of interrelated sub-systems and 

components. Therefore, the National Assessment evaluates organizational characteristics such as 

school vision,school management (leadership), school climate, school resources, parental 

involvement in their children’s education (how the school facilitates cooperation between the 

school and families), school staff labor attitudes (job satisfaction, loyalty etc.) and their influence 

on student achievement.  

The National Assessment mostly focuses on assessing indicators that characterize effective and 

successful schools according to international assessments and other relevant educational surveys. 

School principals play a vital role in the school management process. Leadership has several 

dimensions, however. Along with general management, the National Assessment explores 

activities the school principal implements in order to create and maintain an effective learning 

environment and positive school climate, as well as their relation to student achievement.  

School characteristics. The National Assessment explores to what extent school characteristics 

such as school location, student social economic status, school type (public/private), number of 

students in school, access to social resources, and how schools ensure that students have access to 

adequate infrastructure (libraries, laboratories, etc.)influence student achievement. 

Different aspects of school policy (e.g. grouping students by ability within the classroom) 

influence student achievement, motivation and relations within the classroom. Consequently, the 

assessment also analyzes these issues.  

Positive school climate.A safe and organized environment, characterized by constructive 

relationships among school principals, teachers, students, and parents facilitatesthe progress of 

student achievement. Expressing positive attitudes towards students, cooperation within the scope 

of curricular or extracurricular activities, and participation in professional development 

opportunities are important contextual factors, whichare thoroughly explored in the National 

Assessment.  

School educational resourcesarean essential part of a high quality education. The qualification of 

teachers is akey aspect of education quality. In order to understand the role of school educational 

resources on outcomes, the National Assessment asksschools a number of questions and attempts 

to answer a number of other questions through analysis including: 



 

235 

 Does the school employ certified math teachers at the basic levelof education? 

 What is the relationship between certification status and student achievement? 

 Are schools supplied with relevant educational resources and equipment essential for 

achieving educational goals? 

 Do schools mobilize enough resources to promote math teacher professional 

development?  

 How does the school conduct school-based teacher performance evaluation?  

Parental involvement. Many research papers indicate that parental involvement in their 

children’s’ education positively affects student academic performance and improves general 

attitudes towards school (Dearing et. Al., 2008). The National Assessment explores parents’ role in 

the process of students’ learning and looks at the extent to which cooperation between a school 

and family is encouraged.  

Classroom context 

Teachers play the most important part in the process of implementing curriculum, and in general, 

have a significant influence on the classroom environment and student achievement. In addition, 

classroom environment and class characteristics, such as number of students per class, class 

content (Students’ SES), and student readiness and motivation impact the educational process, and 

consequently, student achievement.  

The National Assessment in mathematics collects information regarding strategies teachers 

applyin the process of  teaching and student assessment (including types, frequency and 

characteristics of homework assignments, provision of feedback), how these strategies promote 

student interest in mathematics and how they facilitate student involvement in the learning 

process. Teacher attitudes, motivation, labor satisfaction, self-efficacy, and working conditions are 

also assessed within the National Assessment.  

Student access and application of technologies and other educational resources is related to the 

successful implementation of the curriculum. The internet enables access to vast amounts of 

information, enhances student motivation, and facilitates in-depth comprehension of new 

concepts. The National Assessment collects information on how often students use computers and 

the internet, means of visualization, and other materials to facilitate the learning of mathematics. 

Student characteristics and attitudes. Each student enters the classroom with a unique set of 

experiences. A great deal of research claims that student achievement in mathematicsis related to 

a variety of characteristics such as gender, language, and family SES background among other 

factors. Many studies indicate a strong positive relation between student achievement and SES 

indicators such as parents’ education, type of employment, and occupational status (Bradley & 

Corwyn, 2002; Willis, 2006; Haverman & Wolfe, 2008). Consequently, the National Assessment 

explores student demographic and family characteristics; whether the school is able to reduce 
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inequality caused by SES and access to educational resources; and encourages students who have 

less support from their families.  

One of the goals of teaching mathematics is stimulating student interest and developing positive 

attitudes towards the subject. Studentattitudes towards mathematics were evaluated in relation to 

motivation, how much they value studying mathematics, to what extent the educational process 

fosters the formation of self-efficacy and motivation to learn, and how attitudes impact 

achievement.  

One of the most important aspects of the assessment was focused onthe issue of private tutoring. 

As studies from the last decade show, private tutoring has a significant impact on differences 

between student achievement, student and teacher involvement in formal educational processes, 

family expenses spenton education, attitudes towards school education, and the formation of 

student learning styles (Bray, 2007; 2009).  

Education and public policy context 

Education policy.Within the scope of this study,how educational policy impacts the education 

system, the teaching and learning of mathematics, and student achievement rates is assessed. The 

study looks at whether curriculum and textbooks are appropriate to student age and educational 

needs, to what extent national education policy impacts teacher professional development 

opportunities and teacher enrollment in training, and how teacher assessment strategies influence 

student achievement, among other factors.  

The National Assessment explores issues related to quality and access to educational resources 

(i.e.to what extent the educational system guarantees equity and equality in education for all 

students), school autonomy (i.e. school financial, organizational and academic freedom, support 

received from the local and central governing bodies etc.) and efficacy (impact of national policy 

on the utilization of available resources). 

Social context. Education policy, culture, and society are contextual factors for teaching. Here, we 

look at how they relate to the teaching of mathematics. Whether studying mathematics and 

acquiring quantitative competences is valued in society significantly influences educational policy 

connected to the teaching and learning of mathematics. Educational policy, in the long run, can 

also change public attitudes and norms. The National Assessment explores the influence of 

educational policy and societal factors not only on school and classroom practice, but also on 

teaching and learning practice and student achievement.  

Sampling  

The field work for the National Assessment was conducted in May – June, 2015. 4426 students in 

166 schools, along with 165 school principals, 192 teachers and 3864 parents were surveyed 

within the scope of the assessment.  
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The sampling used a national two-stage sample design where schools are sampled at the first stage 

and classes within schools atthe second stage. Stratification consists of arranging the schools in the 

target population into groups, or strata that share common characteristics. Stratification variables 

used in the study were school type (private and public schools) and school location (rural and 

urban).These two variables were used as explicit stratification variables. Within each strata a 

sample of schools was selected using systematic sampling with probabilities proportional to size 

(PPS).The PPS technique means that the larger schools have a higher probability of being sampled 

than smaller schools. However, this difference in the selection probabilities of larger and smaller 

schools is largely offset at the second stage of sampling by selecting a fixed number of classes 

(usually one or two) with equal probability from the sampled school. Classes in large schools with 

many classes at the target grade have a lower probability of selection than classes in smaller 

schools that have just one or two classes.Within each sampled school, all classes with students at 

the target grade are listed, and one or more intact class was selected with equal probability of 

selection using systematic random sampling. Sampling excluded minority language and special 

educational needs classrooms. In order to assess contextual factors influencing the teaching and 

learning process, students’ school principals, math teachers, and parents were surveyed.  

 

School location and status. Of the 166 selected schools, 57 (34.3%) are in rural areas and 109 

(65.7%) are in urban areas. Seventeen (10.2%) are private and 149 (89.8%) are public schools. As 

the share of public and private schools differ in urban and rural settlements, at the next stage of 

the study the database was weighted so that results would reflectthe actual rates of these variables 

within the population.  
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Teacher 
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Student 
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Students. 4226 students participated in the National Assessment. While 47.8% of the sample was 

female, 52.2% was male. A certified math teacher teaches 39.5% of students. 21.5% of students 

study at rural schools and 78.5%in urban schools. 7.8% of students go to private schools, whereas 

92.2% study in public schools.  

School principals and teachers. 165 school principals (67% female, 33% male) took part in the 

survey. All surveyed principals claim to have higher education: 5% have aBachelor’s degree, 86% 

a Master’s degree, and 8% a PhD. One school principal did not answer the question about 

educational background.  
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Teachers. The National Assessment surveyed 200 math teachers (83.5% female, 16.5% male). The 

average age of teachers was 51.3 years. 76% of surveyed teachers participated in the teacher 

certification examinations and 35% of the teachers are certified. 

Parents. 3854 parents (98%)participated in the survey.  

Survey administration 

Apilot study was conducted before administering the main assessment in spring of 2015. 3209 

students participated in the pilot and 600 test items were tested. The achievement booklets for the 

main study were based on the outcomes of psychometric analysis of the pilot results.  

A school coordinator guide was sent to all sampled schools before administering the main study. 

The guide provided detailed information about the rights and obligations of those involved from 

the school side, the main goals and objectives of the National Assessment, and instructions on the 

administration of the study as well as other pertinent information. The main study was 

administered by test administrators who were trained in the National Assessment and 

Examinations Center.  

II. The National Assessment–Outcomes of the Study 

What is the performance of 9thgrade students in mathematics? 

One of the main goals of the National Assessment is to describe student achievement in terms of 

whether students meet the requirements of the National Curriculum and how their knowledge 

and skills correspond to the standards of their respective grade/level. Particular attention was paid 

to determining achievement levels and differentiating achievement levels on a continuous scale. 

Based on data analyses, it is possible to assign participants to low, average, high and outstanding 

achievement levels. The assessment also allows us to determine what percent of students cannot 

accomplish tasks requiring a minimal achievement level due to a lack of competence in 

mathematics. This type of analysis of student performance can help to answer a key question –to 

what extent do students have subject knowledge and skills in mathematics that are set as goals to 

be achieved by the National Curriculum for the respective grade/level. Therefore, the process for 

defining score intervals for achievement levels is a focal point for the validity of a large-scale 

assessment study conducted in order to assess educational progress. Hence, the National 

Assessment applied the standard setting procedure, a modified version of the bookmark method.  

The procedure the NAEC adopted included two stages. At the first stage, the research group relied 

on expert judgment and based on these evaluations, the primary values of thresholds were 

defined. The second stage looked at the utilization of the modified benchmarking procedure used 

in the international assessment TIMSS. The theoretical basis for the entire process is a two-

parameter logistic model (Item Response Theory). The achievement levels were differentiated as a 

result of the standard setting procedure described above. In addition, indicators for each 
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achievement level were defined and the detailed description for each achievement level was 

prepared (i.e. what knowledge and skills do students of a particular achievement level possess). 

Based on the achievement test data, the percentage of students assigned to one of the four 

achievement levels (low, average, high or outstanding) was determined.The results of the 

assessment of 9th grade student knowledge and skills in mathematics are described below. 

Student performance 

- 2.4% of students participating in the assessment successfully solved problems of the 

highest achievement level, and therefore, demonstrate outstanding performance in math 

and outstanding knowledge and skills for the basic level (9th grade) standard’s 

requirements. They are able to solve complex, non-standard mathematical problems, 

analyze compound information, reason, and make conclusions and generalizations; 

- 8% of students successfully solved problems of the high achievement level. Therefore, 

they demonstrate good knowledge and skills of math for the basic level (9th grade) 

standard’s requirements (good performance). They have good knowledge of the subject, 

can effectively use this knowledge in real-life, standard situations, have analytical skills, 

and are able to synthesize information from various sources to solve aproblem; 

- 30.2% of students have successfully solved problems at the average achievement level. 

This indicates partial knowledge and skills in math for the basic level (9th grade) standard’s 

requirements (satisfactory performance). They demonstrate elementary math knowledge, 

which they can apply in different simple situations;  

- 29.3% of students solved problems at the low achievement level, and therefore possess the 

minimal knowledge in math for the basic level (9th grade) standard’s requirements 

(minimum performance);  

- 30.3% of students are not able to achieve even the minimum requirements of the National 

Curriculum (unsatisfactory performance). 



 

241 

 
 

Student achievement in content and cognitive areas  

- The geometry and probability content areashavethe highest share of students who 

cannot demonstrate a minimum competence(35.2% and 35.5%, respectively). The 

proportion of students who can successfully solve problems of the highest and high 

achievement levels in the domains of numbers and probability is relatively high.  

Figure 6.Percentage of students according to achievement in content areas 

 

 

2.4% 

8.0% 

30.2% 
29.3% 

30.3% 

Outstanding Good Satisfactory Minimum Unsatisfactory

Outstanding Good Satisfactory Minimum Unsatisfactory

Numbers 5.5% 9.4% 27.7% 25.9% 31.5%

Algebra 3.0% 7.4% 28.1% 30.3% 31.3%

Probability 5.1% 10.6% 25.2% 23.7% 35.5%

Geometry 2.0% 8.6% 25.9% 28.3% 35.2%
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- The assessment results indicate that in all three cognitive areas there is a high 

proportion of underachieving students, who have unsatisfactory results in at least some 

cognitive area: (knowledge - 31.8 %, application - 28.1%, reasoning - 46.9%); 

- As a rule, students have fewer problems solving tasks requiring knowledge than items 

in the application and reasoning domains. According to the results of the National 

Assessment, 9th grade students demonstrate better outcomes in the cognitive domain of 

application than in the cognitive domain of knowledge.In addition, despite the fact 

that the National Curriculum requirements put a particular emphasis on the 

development of reasoning, justification and problem solving skills, almost half of 

students cannot achieve aminimal competence in the cognitive domain of reasoning.  

 

 

 

Student achievementby gender,school location (urban, rural), and school type (private, public) 

Gender. Despite the stereotype that boys learn mathematics better than girls, international 

assessments (TIMSS, PISA) as well as the National Assessment indicate that girls’ achievement 

exceeds the average achievement rate on the standard scale by 7 points (507 points), whereas 

boys’ achievement rates are significantly lower at 490 points. Statistical analysis shows that girls 

have significantly better results in math than boys regardless of school location, status and other 

school characteristics. Comparison of the variation between means with a t-test shows a 

statistically significant difference (p<0.0001). 

Outstanding Good Satisfactory Minimum Unsatisfactory

Knowledge 4.1% 11.0% 25.7% 27.4% 31.8%

Application 2.5% 7.7% 27.3% 34.4% 28.1%

Reasoning 2.2% 7.8% 18.0% 25.2% 46.9%
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Girls who study at private schools demonstrated the highest scores (542 points), whereas boys 

from rural public schools demonstrated the lowest performance(480 points). The most equal 

achievement rate between girls and boys is in rural schools, where girls outperform boys by only 

10 points. Overall, more boys (33%) show unsatisfactory results (below minimum competence) 

than girls (27%).This means that more boys than girls find it difficult to overcome the minimum 

requirements of the National Curriculum.  

 

 

School location. Student achievement in urban schools is generally higher than student 

achievement in rural schools. The average score for urban school students is 503, whereas 

the same indicator for rural school students is 484. The comparison of the difference 

between means for urban and rural schools shows a statistically significant difference 

(p<0.0001). 

Urban school students who are taught by certified math teachers have the highest 

achievement rates (514 points). The lowest achievementis observed in rural schools where 

students are taught by non-certified teachers (475 point).  

Interestingly,only 3.1% of rural school students demonstrate the highest and high 

performance, compared to 13% of students in urban areas. Student performance in rural 

schools is highly problematic, with 72% of students demonstrating below minimum 

competences in math.  

 

Outstanding Good Satisfactory Minimum Unsatisfactory

Female 2.5% 8.3% 33.0% 29.1% 27.1%

Male 2.3% 7.6% 27.5% 29.4% 33.2%
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School type. Public school student achievement in mathematics substantially lags behind 

students from private schools. The average scaled score for public schoolsis 495 compared to 

534 for private schools. The comparison of the difference between means shows a 

statistically significant difference(t=18.5, p<0.01).  

Data analysis shows that only 17.3% of students from private schools scored at the below 

low level of achievement, whereas in public schools 31.3% of students failed to achieve the 

minimum standard. The same tendency is shown for high performers: 21% of students from 

private schools demonstrate a high level performance compared to 10% of public school 

students.  

 

Outstanding Good Satisfactory Minimum Unsatisfactory

Rural 0.3% 2.8% 25.5% 34.4% 37.0%

Urban 3.1% 9.9% 31.9% 27.4% 27.8%

Outstanding Good Satisfactory Minimum Unsatisfactory

Private 3.7% 17.2% 40.7% 21.1% 17.3%

Public 2.3% 7.2% 29.3% 29.9% 31.3%
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Differences in student achievement are present in particular content and cognitive areas by school 

location and school type. Namely, students of private schools outperform their peers in all four 

content categories and all three cognitive areas.  

Contextual factors: What causes the differences in student achievement?  

As mentioned above, the purpose of the assessment is to study and evaluate not only student 

achievement rates, but also explore factors that cause differences in achievement. Within the 

National Assessment, information was collected on how students learn math content, concepts 

and procedures, the challenges they face and their achievements, as well as what factors cause 

these challenges and achievements. This section looks at outcomes according to contextual 

factors. 

Student attitudes towards mathematics  

Perception of and a positive attitude towards math’s importance helps students in further 

professional orientation and re-orientation, as well as in coping with routine problems more 

effectively (Buckley, 2013; Eshun, 2004). Therefore, student attitudes towards mathematics are 

considered an important outcome of general education.  

Perception of the importance of mathematics is generally high among students who participated 

in the National Assessment. The majority of respondents agreed that mathematics is very 

important for their academic and professional development.  

The assessment reveals that there is a statistically significant connection between perception of 

math importance and student achievement.This difference is evident even when controlling for 

student individual characteristics (e.g. gender, educational resources available in the family, 

tutoring, school readiness). Students who have a more positive attitude towards mathematics have 

higher achievement levels. 

The following factors influence student attitudes towards mathematics most:  

- Individuals in students’ lives and their attitude towards mathematics – Student 

perceptions of the attitudes towards mathematics of the people in their lives such as 

teachers, parents, and other persons of authority figures are important. Students who 

believe that their parents, teachers and peers consider mathematics an important subject 

have a high (61.8%) evaluation index in math importance. Students who believe that 

their parents, teachers and other persons of authority do not think math is important 

show only 2.3% on the same indicator;  

- Student self-assessment in mathematics – The higher the student's self-assessment in 

mathematics, the more important s/he perceives mathematics. This effect is maintained 

even when controlling for other characteristics including gender, educational resources 

at home, tutor training, etc.; 
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- Application of effective teaching strategies by teachers has a significant influence on 

students’ perceptions of the importance of mathematics, even when controlling for 

students’ family resources and private tutoring.  

Teaching and learning mathematics 

Hundreds of studies conducted in the last decade suggest a positive correlation between teacher 

effectiveness and student academic achievement. For instance,Waters, Marzano and McNulty 

claim that 33% of differences in student achievement are explained by teacher efficiency (Waters 

et. al.,2003) and the appropriate application of teaching methods increases student academic 

scores from 29 to 45 percentage units (Marzano et. al.,2001). Given the above, defining which 

teacher characteristics have a strong impact on student achievement is an issue of the utmost 

importance.  

Math teacher characteristics and student achievement  

Teacher education and teaching experience. 90% of students surveyed within the National 

Assessment in mathematics are taught by teachers who hold aMaster’s degree, 5.8% of teachers 

have a Bachelor’s degree, and 1% have a Doctoral degree. Other teachers have higher vocational 

or lower levels of education. Comparison of achievement mean scores reveals that students of 

teachers with Bachelor’s degrees outperform students taught by teachers with Master’s degrees. 

However, after including student characteristics in the analysis, teacher education has no 

statistically significant effect, which presumably is explained by the fact that 84.6% of teachers 

holding a Bachelor’s degree teach in urban schools and only 15.4% in rural schools. Comparison 

of student achievement mean scores also demonstrate that students taught by teachers with 6-10 

years of teaching experience outperform their peers, who are taught by teachers with less (less 

than 5 years) or more (11 and more years) teaching experience. This difference is statistically 

significant (F=35.3, p<0.0001). 

Teacher certification in mathematics. According to the National Assessment in mathematics, 39% 

of 9th grade students who participated in the assessment are taught by certified and 58% bynon-

certified teachers.Three percent of teachers did not respond to the question about their 

certification status.  

Analysis of student achievement in terms of teacher certification status shows that students who 

are taught by teachers certified in mathematics demonstrate better performance rates (by 13.7 

points) than their peers whose teachers are not certified. This difference is statistically significant 

(B =23.6, SE= 8.3,p <0.01). Once student characteristics are included in the analysis, the impact of 

teacher certification decreases, but does not lose statistical significance (B= 13.7,SE = 7.9, p <0.1).  

Teacher participation in professional development.Teaching usually requires lifelong training. 

The National Assessment surveyed teachers about professional development trainings and 
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seminars they attended during the last 12 months. The study suggests that 22% of  participating 

students have teachers who were involved in trainings targeted at improving math subject 

knowledge, 11% of students have pedagogues who attended workshops on math teaching 

methodology,39% of students have teachers who were enrolled in trainings on integration of 

information technologies in teaching mathematics, 15% of teachers attended seminars on student 

assessment, and 15%on general pedagogic skills. However, Hierarchical Linear Modeling (HLM) 

suggests that teacher participation in different professional development trainings did not have a 

statistically significant effect on student achievement.  

Teacher cooperation with other teachers.Two constructs were introduced to evaluate a teacher 

cooperation effect: 1) Math teacher’s cooperation with other teachers and 2) School collaborative 

culture. According to the National Assessment data, 69% of students have teachers who 

participated in some professional discussions conducted at subject departments about teaching 

particular content issues or themes, 67% have pedagogues who have cooperated with other 

members of the subject department in order to prepare learning materials, 74% of students have 

teachers who have shared experience regarding teaching issues with colleagues, and 48% have 

teachers who have sought professional literature and/or online resources through cooperation 

with other members of the subject department.  

The school collaboration culturescale was constructed to measure the intensity of teacher 

involvement in the abovementioned activities. No statistically significant relation was detected 

between math teachers’ cooperation with other teachers and student achievement.  

Collaborative culture among teachers and its impact on student achievement was also analysed 

within the survey. Unlike the construct formath teachercooperation with other pedagogues, 

“collaborative culture among teachers” does not measure a collaborative experience of a singular 

teacher, but the existence of shared values and trust based on mutual respect among all school 

teachers. The National Assessment data demonstrate that the school collaboration culture scale 

has a statistically significant effect on student achievement, even when controlling for student 

characteristics. Aonepoint increase on this scale leads to a 14.1 point improvement in student 

achievement (B=14.1, SE=5.9, p<0.05).  

Math teacher attitudes towards mathematics were evaluated based on two sets of questions. One 

set focused on exploring teachers’ views about the importance of mathematics for the 

development of cognitive skills, perceptions of the world, and benefits for society. The second set 

asked about stereotypes. The agreement rate on the statements evaluating the first set was 

generally high. However, the survey also showed that 34% of students learn in a classroom where 

the teacher thinks that boys can learn math better than girls, and 43% of students have teachers 

who think that studying mathematics requires special skills.  

An attitudes towards mathematics scale was constructed based on the questions included in the 

questionnaire, which require teachers to indicate how much they agree or disagree with 
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statements such as: “Learning math is important for the development of cognitive skills”, 

“Learning math is important for perceptions of the world”, “Learning math is important for the 

successful continuation of education” and “Learning math is important for successful 

employment.” The scale was constructed from the unification of standardized values of math 

teacher responses to these questions (mean=0.01, SD=0.74). The scale is a statistically significant 

predictor of student achievement,even when student and family characteristics are controlled for 

(B=11.9,SE=5.6, p<0.05). Teacher stereotypes and student achievement have no statistically 

significant relation.  

Teacher job satisfaction.Teacher job satisfaction has a statistically significant effect on student 

performance and this difference remains when student and class-related characteristics are 

controlled for.The higher the teacher's job satisfaction rate, the better is students' performance in 

mathematics. A one-unit increase in the job satisfaction scale is associated with a 13-point 

increase in student achievement (B=20,SE =6.0, p<0.01). 

Teacher demographic characteristics. Male math teachers teach only 14% of students who 

participated in the National Assessment. Mean comparison of student achievement scores 

revealed that students who have male teachers (mean=521, SE=1.5) outperform their peers who 

have female teachers (mean=493,SE=0.6). This difference is statistically significant (t=17.0, 

p<0.001).  

The results of the National Assessment reveal that teachers’ participation in professional 

development, cooperation with other teachers, teacher’s self-assessment and assessment strategies 

used by pedagogues have no statistically significant effect on student achievement.  

Mathematics teaching strategies 

One objective of the National Assessment was to explore if the management of educational 

processes and methods and strategies utilized in math teaching have any impact on student 

performance. Information on applied strategies and methods were collected not only from teacher 

questionnaires, but also through student surveys. Teaching strategies and methods are classified 

under three subthemes:  

- Application of general teaching methodologies (teaching effectiveness); 

- Application of aconstructivist approach to teaching mathematics; 

- Student assessment of strategies and methods. 

Teaching effectiveness.Teaching effectiveness has a statistically significant and positive effect on 

student performance.This effect remains statistically significant after controlling for individual 

and class-related characteristics.  
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The teaching effectiveness15 scale is composed of student evaluations of their teacher’s instruction 

across seven elements of teaching, i.e. the seven C’s of effective teaching. These elements are: 1) 

Caring about students (nurturing productive relationships); 2) Controlling behavior (promoting 

cooperation and peer support); 3) Clarifying ideas and lessons (making success seem feasible); 4) 

Challenging students to work hard and think hard (pressing for effort and rigor); 5) Captivating 

students (making learning interesting and relevant); 6) Conferring (eliciting student feedback and 

respecting their ideas); 7) Consolidating (connecting and integrating ideas to support learning). 

Caring is expressed through empathy, genuine interest in students’ well-being and emotional 

support. This parameter has a statistically significant impact on student performance. A one point 

increase on the “Caring” scale leads to a 13.8 point increase on student achievement scores 

(B=13.8, SE=8, p<0.1).  

Controlling student behavior is about maintaining control over the classroom and focusing 

students’ attention on learning objectives.This guarantees the students’ active involvement in the 

learning process.The difference between classes with students of high and low indices of 

controlling behavior is not statistically significant with regard to student achievement. However, 

this variable has a statistically significant impact on student perceptions of math importance.  

Clarifying refers to teacher behavior which contributes to the understanding and comprehension 

of the learning material including simplification of complex phenomena, organization of the 

learning material into logical sequences, discussing relevant examples, and provision of formative 

feedback (what a student does well and how it needs to improve). Students whose classrooms 

have a relatively low indicator of clarification score 26 points lower on average than their peers 

from classrooms with a high clarification indicator. This difference is statistically significant (t = 

22.1, p <0.001). 

Challenging students to work means encouraging students to put a maximum effort into learning 

and to view studying processes with diligence and responsibility. Effective teaching encompasses 

student encouragement when answering questions that require explanation and justification from 

students. Students whose classrooms have a relatively low indicator of encouragement score 48 

points lower than their peers from classrooms with a high encouragement indicator, on average. 

This difference is statistically significant (F = 273.9, p <0.001). 

Captivating students requires teacher behavior which makes learning an interesting process.The 

difference in student achievement between the classes with students of high and low indices of 

student captivation/interest is statistically significant. A one point increase on the “Captivating” 

scale leads to a 26.7 point increase in student achievement scores (B=26.7, SE=9.7, p<0.01).  

                                                      
15 The concept and instruments of evaluating teaching effectiveness belong to the Harvard 
University researcher Ron Ferguson.  
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Conferring implies acceptance and appreciation of student opinions.This motivates students to 

freely express their own ideas. A one point increase on this scale leads to a 26 point increase on 

student achievement scores (B=26, SE=7.5, p<0.01). 

Consolidating means assisting students in compiling learning materials, outlining more important 

issues and strengthening knowledge and skills. The difference in student achievement between 

classes with students of high and low indices onthe consolidating index is statistically significant. 

A one point increase on the “Consolidating” scale leads to a 27.5 point increase on student 

achievement scores (B=27.5, SE=6.3, p<0.01).  

Application of constructivist approaches in teaching. The fundamental aim of the National 

Curriculum isa goal-oriented education, which equips students with the ability to apply 

knowledge. Goal-oriented education not only gives students information to memorize, but also 

focuses on transforming this information into “solid, dynamic and functional knowledge” 

(National Curriculum, 2011). Achieving such outcomes requires the application of specific 

teaching strategies in the educational process. Forming “solid, dynamic and functional 

knowledge” happens when a student is an active participant in the educational process, rather 

than a passive receiver of transmitted information. This is a central idea in the constructivist 

theory of education. According to this theory, most students acquire new material better when 

they construct their own knowledge and solve problems through the application of their own 

experience. In the National Assessment, the variable application of constructivist approaches in 

teaching is a scale which is formed based on the answers of teachers and students to questions 

which aim to evaluate teaching practices related to the application of constructivism in education. 

In mathematics, students of “constructivist” teachers, demonstrate higher achievement rates.The 

teacher constructivist approach index, which is composed of student evaluations of teachers, 

shows that the difference in student achievement is statistically significant in all cases (p<0.001). 

In addition, students whose teachers use constructivist approaches show significantly better 

results not only in subject content area, but also in cognitive domains. Students whose teachers 

use constructivist approaches also have higher self-esteem and self-efficacy, with statistically 

significant differences (p<0.05) on measures of these concepts related to student attitudes towards 

mathematics. 

3.2% of student achievement is explained by the application of constructivist approaches. Among 

the predictor variables, the most important is giving tasks to students that require problem solving 

skills and argumentation (predictor importance index 0.53). Encouraging classroom discussions 

shows a significant effect as well (index 0.26). This outcome corresponds to two important ideas of 

constructivism:that outcomes are achieved as a result of creating a stimulating environment for 

analysis and problem solving in the learning process and interpersonal interactions (e.g. classroom 

discussions) have a significant effect on the process of constructing knowledge.  
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As we can see, aconstructivist approach to math shows a statistically significant effect on the 

results of student performance. This effect is maintained when student individual and class-

related characteristics are controlled for. A oneunit increase on the constructivist approach scale 

is associated with a 10-point increase in student achievement. The effect of the constructivist 

approach disappears after the introduction of school and teacher-related characteristics are 

brought into the model, which indicates that this characteristic is correlated with other, stronger 

teacher and school-related predictors. Namely, these characteristics includeschool focus on 

academic excellence, “teaching effectiveness” and teacher’s attitude towards theteaching 

profession.  

Student Assessment. Educational research claims that the assessment strategies and methods 

teachers use can significantly influence student performance (Schroeder at al, 2007). During the 

last two decades, educational research haspaid particular attention to the exploration of formative 

assessment and its effect on student achievement. Research suggests that formative assessment can 

significantly improve student performance (Black and William, 2006).  

Teachers of 9th grade math use summative assessments more frequently (59%) than formative 

assessments (42%). Student achievement differs according to time allocated for summative 

assessments. In particular, the higher share of summative assessment in total assessment, the 

lower is the average student achievement score (B=-1.0, SE =0.5, p<0.1). In other words, every 

10% increase in summative assessment’s share in the overall assessment process decreases mean 

student achievement scores by 10 points. Within the framework of the National Assessment, no 

statistically significant connection between student achievement and other forms and frequency 

of student assessment has been found. In student assessment there are no statistically significant 

effects observed between student achievement and frequency of application of assessment 

methods (oral quiz, testing, observation, project-based student evaluation, group-work 

assessment, student self-assessment and student cross-assessment).  

Frequency and time allocated to homework does not have a statistically significant effect on 

student achievement.  

School educational resources  

The National Assessment explored the effect of school textbooks, conditions of informational 

technologies and their application in educational process, the conditions of educational space, and 

class size on student achievement.  

Textbooks. Studies suggest that one of the best strategies for influencing teaching content and 

mode is application of educational resources (Bruner, 1960; Dow, 1991). The experience of other 

countries’ reveals that 75-90% oftaught content is determined by textbooks (Farr, Tulley & 

Powell, 1987; Miller 1986; Tyson & Woodward, 1989). 
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The majority(85%) of students in the assessment study mathematics using the textbook published 

by “JSC Intelekti”. 11% of students participating in the assessment us the textbook developed by 

the "JSC Bakur Sulakauri Publishing House– Georgian Biographical Centre".4% of students use 

the math textbook developed by Tina Bekauri et. al. When characterizing textbooks, teachers did 

not give the highest rating to any textbookon the following criteria:1) Compatibility with the 

educational goals defined in the National Curriculum; 2) Diversification of materials in 

accordance to student performance; 3) Textbook as a guide for teachers.  

Comparison of student average scores according to textbooks used in teaching gives us a 

statistically significant difference. However, after controlling for student characteristics, the effect 

disappears, because the frequencyof use of a particular textbook varies greatly across school 

location and school status. Therefore, we thinkthat the difference depicted in the initial analysis is 

due to the effect of student characteristics rather than textbooks used in teaching.  

Informational technologies at schools and their application in teaching mathematics. Studies 

show that equipping schools with computers is associated with a rise in education costs. Countries 

that have invested in computers demonstrate slower improvement of student achievement and 

have lower performance scores than those countries that have not invested in the 

computerization of schools, even when accounting for Gross Domestic Product and change 

relative to previous years. The results of the National Assessment confirm the findings of 

international studies.The amount of computers per school, as well as the application of IT 

resources in teaching mathematics has no statistically significant effect on student achievement.  

The ratio of computers per student is 1:42 in public urban schools and 1:28 in public rural schools. 

In private schools every 25 students have access to one computer. The majority of these 

computers are connected to the internet. 7% of school principals claim that the quality of internet 

connection in their schools is “mostly very good”. The quality of internet connection is “mostly 

good” in 76% of schools. As for the conditions of computers, 4% of school principals say they are 

“mostly very good” and 74% say“mostly good”.  

The application of different computer software and educational resources from the internet while 

teaching mathematics has no statistically significant effect on student performance. Student 

achievement scores do not change due to the application of additional online resources or the 

frequency of such interventions.  

Condition of educational space. Studies suggest that the improvement of school infrastructure is 

associated with improved student academic outcomes (Earthman, 2002) and enhanced teacher 

work discipline (Buckley et al., 2005). The National Assessment shows that the conditions of the 

educational space has a statistically significant effect on student achievement. Unlike heating, 

lighting, school building and school yard conditions, which have no effect on student 

performance, students whose principals claim that the conditions of physical educational space 

(classrooms) create impediments for improved teaching in their schools score lower in the 
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assessment compared to their peers whose principals say that the conditions of the educational 

space have no or little effect on their capabilities. A one point increase on the “non-relevance of 

educational space”scale leads to a 7.8 point decreaseinstudent achievement scores (B=-7.8, SE= 4.5, 

p<0.1). 

Class size. There are on average 21 students in 9th grade math classes. Based on the National 

Assessment, the smallest class has 3 students, and the largest classhas 35 students. The class size 

demonstrates no statistically significant effect on student achievement.  

Educational resources at home  

The relation between student achievement and availability of educational resources at home has 

become an issue of interest for researchers during the last several decades. Many sociologists argue 

that a student’s family can significantly influence his/her academic success (Coleman, 1960; 1988; 

Bowles and Gintis 1976; Brown 1973). Others suggest that the family factor and its impact varies 

in accordance with the level of development of the country they live in.The effect is higher in 

developed and lower in developing countries (Parsons and Toby 1977; Treiman 1970). However, 

in both developing and developed educational systems, differences in student achievement are 

frequently associated with available educational resources, which include not only those 

resources that are directly related to learning (e.g. amount of books), but also the educational 

attainment of the student’s parents, family SES and other characteristics, such as parental 

involvement in student learning. 

Evaluation of the effect of these factors on student achievement show the following results:  

Student home educational resources. In the National Assessment, as in other studies, student 

home educational resources is a strong predictor of student achievement in mathematics even 

after controlling for student, school and class-related characteristics. A one point increase of the 

standardized value for variables such as amount of books per family, parents’ education, and their 

connection to math-related activities increase student scores in mathematics by 12.2 points 

(B=12.2, SE =2.5,p<0.01). 

Readiness for school. This variable measures parents’ perception of student readiness for schoolat 

the time when s/he entered school. The following statements were used for this purpose: “Did 

your child recognize the letters of the alphabet?”, “Was s/he able to read some words?”, “Could 

s/he count to ten independently” etc. On the scale constructed based on these statements, a one 

point increase lead to a five point difference in student achievement. This difference remains 

statistically significant after controlling for school and class-related characteristics.  

Private tutoring. Studying with private tutors, after controlling for other student characteristics, is 

associated with a31.2 point difference in student achievement. This difference remains 

statistically significant even after school and class-related characteristics are taken into account.  
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Parents’ attitudes towards mathematics evaluates the extent to which parents think mathematics 

is important for the development of learning abilities, perceptions of the world, successful 

continuation of education, profitable employment and overall, in improving living conditions. 

Attitudes measured by the scale, which are constructed through the unification of standardized 

values for such questions is a statistically significant predictor of student achievement even after 

controlling for student, school and teacher-related characteristics. This observation suggests that 

the more positive parents’ attitudes towards mathematics, the better is student performance. This 

difference is retained when student educational resources at home, gender and private tutoring 

are controlled for (B=11.8, SE =2.0, p<0.01). 

Parent stereotypes about mathematics and its importance. An index of parent stereotypes, 

including gender-related ones, is a significant predictor of student achievement. After taking into 

account student, school and class-related characteristics, the data shows that the higher are 

parent’s stereotypes in connection to mathematics, the lower is student achievement. The analysis 

reveals that according to the scale for parents’ stereotypes, there is a statistically significant 

difference in student achievement (B = -10.7, SE = 1.8, p <0.01). This effect is statistically 

significant even after controlling for home resources, gender, and private tutoring variables (B=-

8.3,SE = 1.9, p <0.01). 

In addition, the National Assessment shows that the majority of parents have stereotypes in 

connection to studying mathematics. 59% of parents assume that boys understand and study 

mathematics easier than girls, whereas 81% of parents believe that not everybody can learn math, 

and one needs a special talent for it. In addition, one third of parents think that boys need 

mathematics more than girls.  

School resources and student SES: The connection between home and school-based educational 

resources  

The outcomes of the National Assessment suggestthat students with higher SES background 

outperform their peers from less advantaged families, because students from these two groups 

have different access to educational resources. SES difference is typical in almost all countries. 

Therefore, one of the most important priorities of modern education policy is to diminish this gap 

through compensating for the difference through school resources.  

As a result of this and other studies conducted in Georgia, student achievement significantly 

varies due to SES background and therefore, due to educational resources accessible at home. In 

socially better off families, parents have a more positive attitude towards the importance of 

mathematics, which directly influences students’ attitudes towards the subject and consequently, 

their achievement in mathematics. In such situations, the state should play a role in compensating 

for the deficiencyof resources at home for the less privileged students through the provision of 

educational resources at school. However, it should be notated that a majority of countries cannot 
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cope with this challenge, and students who have a lack of resources at home, as a rule, are taught 

by less competent teachers with less resources.  

Schools of disadvantaged students from rural areas receive slightly more per capita financing in 

Georgia. Schools of students whose parents have relatively less education than parents from urban 

areas, receive a voucher that is GEL 35 more per student. In addition, those schools, where the 

majority of students are from less advantaged families receive more funding per student than 

other schools. For instance, schools with the least privileged students (families withless than GEL 

300 a month on average) receive a voucher for GEL 48 more than those schools where the 

majority of students’ families earn more than GEL 2000 monthly.  

Student/computer ratio per school varies in relation to parents’ education, parents’ occupation, 

and family income indicators. There are fewer computers in schools where both students’ parents 

have higher education (on average 1 computer per 38 students) than in schools where the parents 

have no higher education degree (on average 1 computer per 33 students). In schools where 

students’ family’s incomes are less than GEL 300 monthly, the student/computer ratio is 32:1, 

whereas inschools where students’ family’s income reaches GEL 2000 or more, the ratio is 39:1.  

The situation is also different in terms of the share of certified teachers in the school. The 

percentage of teachers certified in mathematics, as a percentage of teachers certified in other 

subjects, is higher in schools, where the majority of students are from privileged families.  

In addition, the low level of qualification of math teachers, teachers in general, and the dire 

condition of school infrastructure and technology create impediments for schools of 

disadvantaged students, who have fewer educational resources at home as well. Differences in 

terms of all indicators remain statistically significant.  

School climate 

The school environment (climate and culture) has been identified asan issue of great importance 

in the last decade.Therefore, education specialists spend an ever greater amount of time and effort 

exploring the subject, since it is considered to have a significant impact on student academic 

performance and self-esteem (Cohen, 2009, Thapa et al, 2013; Cohen et al, 2006). International 

educational surveys (Programme for International Student Assessment– PISA, 2009, Trends in 

International Mathematics and Science Study – TIMSS, 2007) confirm that school climate 

significantly influences student academic performance. Students of high academic performance 

tend to study at schools that promote academic excellence. The National Assessment aimed to 

explore school focus on enhancing academic excellence, collegial environment, educational 

leadership and safe and organized physical environment and the influence of these factors on 

student achievement.  

School focus on academic excellence. This variable is composed of ten questions from the parent, 

teacher and school principal questionnaires. Questions for parents were intended to determine to 
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what extent parents agree with statements claiming that their children’s school is known for 

desirable student academic performance, that students receive high quality education, and the 

school endorses improvement of student academic achievement. The school principal evaluated 

teacher motivation and commitment to improving student academic achievement, whereas 

teachers reported student motivation to learn well. According to this index, the National 

Assessment shows that there is a significant and visible difference across student achievement 

outcomes (B=48.7, SE=10.4, p<0.01). After controlling for student characteristics, this variable still 

retains statistical significance and impacts student achievement (B=43.7, SE=11.2, p<0.01). The 

difference between schools with high and low indicators for school climate index is43.7 points.  

Shared values and collegial environment. Based on questions asked to teachers and school 

principals, collegial environment evaluates the existence of shared values among teachers, the 

practice of openly discussing school-related difficulties among school staff, and sharing others’ 

success and mutual respect among colleagues. This variable is also a composite variable for school 

climate and is usually considered a criterion for measuring social capital at school. Research 

suggests that the existence of collegial culture among teachers has a significant impact on student 

achievement (Burt, 1997; Coleman, 1988; Leana & Pil, 2006; Oh, Labianca, Chung, 2006). 

However, within the scope of the National Assessment in mathematics this scale did not show a 

statistically significant difference.  

School leadership.The school leadership measurement index included issues such as facilitating 

formation of school educational goals and vision; elaboration of school curriculum and setting 

educational objectives; monitoring of school curriculum implementation by teachers; monitoring 

the progress of student performance in order to ensure achievement of school educational 

objectives; giving consultations to teachers, who might have questions or problems in teaching, 

planning and refinement of educational projects.  

In the analysis of outcomes of the National Assessment, this aspect of school environment shows 

significant differences in student achievement (B=12.4, SE= 6.1, p <0.05). This effect is retained 

when student characteristics and school size are controlled for, indicating that the higher 

indicator on the school principal index leads to better student performance indicators. A one 

point increase on this scale leads to a 7.3 point increase in student achievement scores.  

The scientific literature indicates difficulties in valid measurement of leadership skills of school 

principals, because educational leadership is a complex construct and its conceptual models are 

still being refined (Goldring et.al, 2006). Taking into account the findings of the National 

Assessment in mathematics, contextual questionnaires for the next cycles of the National 

Assessment will encompass more diverse measures in order to better define leadership concepts 

and assess its impact on student achievement.  

Safe and organized physical environment. Students, their parents, teachers, and school principals 

were asked to evaluate discipline and safety issues in their school. This information was combined 
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into one variable. The variable does not have any statistically significant effect on student 

achievement in mathematics. This finding is compatible with the results of international 

educational surveys conducted in Georgia (TIMSS, 2011), which claim that a safe and organized 

environmentis an insignificant factor in student achievement.  

Analysing standards and targets stipulated by the National Curriculum: Teachers’ views 

The National Curriculum is one of the most important documents ineducation policy. Therefore, 

it is essential to analyse the connection betweenthe National Curriculum and student 

achievement. The standards and requirements of the National Curriculum were evaluated using 

qualitative methods within the scope of the National Assessment.After completion of the 

administration of the National Assessment, the National Assessment and Examinations Center 

conducted several focus-groups (two focus groups in Tbilisi andone in Kutaisi). More than 30 

teachers participated in the study. The goal of the focus groups was to explore teacher opinions 

onthe National Curriculum and teaching and learning challenges formathematics in the 9th grade. 

The teachers were asked how adequate the goals set out inthe National Curriculum are, whether 

the goals are achievable, and what the challenges that students and teachers face in this process 

are. 

In terms of teaching and learning 9th grade math, the following problems and challenges were 

identified:  

Overloaded curriculum and insufficient amount of teaching hours. The majority of teachers who 

participated in the qualitative study claimed that covering the entire program for 9th grade math is 

extremely challenging for students, especially due to overloaded curriculum and lack of contact 

hours (four hours per week). All themes included and considered inthe National Curriculum are 

of the utmost importance and demand intensive teaching. However, due to the abovementioned 

shortcomings, teachers are compelled to teach in a fragmented and superficial way. Presumably, 

this is partly linked to the challenge of solving problems with cognitive reasoning. Based on 

teacher evaluation, we can conclude that due to an extremely overloaded program and lack of 

teaching hours it is impossible to create a stimulating environment for higher order thinking and 

problem solving processes, which is particularly important forthe development of reasoning skills, 

and in general, the teaching and learning of mathematics.  

Inconsistencies in the curriculum. Teachers see some problems in the inconsistent structure of the 

math National Curriculum. While teaching mathematics, it is very importantto link new 

knowledge with already covered material, as well as the readiness of students (adequate 

knowledge and skills). In order to reach the goals set out in the National Curriculum, it should 

serve as a bridge for connecting new concepts with already taught material.  Someof the teachers 

think that the math National Curriculum for grades 7 and 8 prepares the foundations for the math 

program in the 9th grade to a certain extent.However, they also suggest that in some cases 
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“Contentis organized in a chaotic way. No logical sequence is observed.” In addition, teaching of 

important concepts starts late. Overall, the National Curriculum for 9th grade math is overloaded, 

while the program for the 10th and 11th grades is “artificially time-consuming, containing too little 

content”.   

Teaching geometry in a fragmented way. Teachers think that there are a number of challenges in 

the new curriculum in relation to teaching geometry. Pedagogues do not like how Geometry is 

integrated with  other domains of mathematics. Some teachers also say that this pattern of 

organizing domains cannot be perceived as integration, as they “fragmentedly teach something 

from Algebra and some content from Geometry”. Studying geometry requires higher order 

thinking skills.Thus, teaching this domain in such conditions creates additional challenges for 

teachers. Teachers assume that some problems inthe National Curriculum are reflected in the 

quality of textbooks as well.  

It should be noted that notwithstanding the critical remarks, a majority of teachers think that the 

new standards have significant advantages in comparison to the old ones. The new curriculum 

encompasses many aspects which help teachers to evaluate what is needed to set and reach 

educational goals and plan effective lessons.The new curriculum focuses on constructing 

functional, dynamic knowledge rather than memorizing rules and procedures. However, reaching 

this goal requires overcoming many obstacles such as low levels of student achievement in basic 

education are caused by many factors and obviously cannot be related exclusively to the 

limitations of the National Curriculum.  

The quality of  textbooks. Based on the appraisal of practicing teachers, textbooks also lead to 

problems whileteaching. Teachers are very critical ofthe approved textbooks. They suggest the 

books are inconsistent, lack balance, complexity, and neglect the age of students, all of which may 

inhibit the achievement of the goals set out in the National Curriculum. Teachers claim that the 

textbooks provide superficial information and do not provide students with fundamental 

knowledge in math. In order to illustrate the inconsistencies of textbooks, teachers gave the 

following examples: “Students are expected to prove a theory with the application of the sine of 

an angle, whereas the definition of sine of an angle is given after several chapters”; “Theory and 

practice are distanced from each other”, “ One can see that authors like particular 

themes.Therefore, [they] give detailed and more interesting explanations, however, fail to explain 

other themes in a similarly captivating way.” As teachers claim, there are technical errors in 

textbooks and there are not enough exercises for students.  

The problem of synchronizing math and science subjectcurricula. Teachers unanimously agree 

that it is important to harmonize math and science subject curricula. Teachers suggest that even 

though there are links between the math programs for the basic and secondary level of education, 

the links are missing with other subjects. Teachers gave the following examples: “In Physics, 

trigonometry precedes the math curriculum. The same problem applies for vectors.” In physics 
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vector systems are taught in the 8th grade, whereas math explores this issue in the 9th grade. The 

same is true of quadratic equations. In addition, scales are taught in geography earlier than in 

mathematics.  

Teachers assume that critical analysis of the National Curriculum as well as textbooks should be 

conducted with the active participation of practicing teachers. To do this, the institutional system 

should be arranged in order to discuss standards and programs, as well as quality of textbooks, 

which need to be analysed, observed and therefore refined. Schools should be provided with 

textbooks which reflect the most recent approaches and strategies of teaching mathematics andare 

compatible with the developmental phases of students.  

The qualitative research revealed other important issues related to implementation of the 

National Curriculum including a lack of school educational resources, lack of resources and 

training opportunities in math teaching methodology, inadequate school climate, and low 

academic expectations from students. In addition, the low level of qualification of a significant 

cohort of teachers, low pay, and low motivationwere noted. The findings of the qualitative 

research are consistent with the outcomes of the quantitative study, which have been thoroughly 

discussed above.  

Recommendations  

Based on the data collected and analysed within the National Assessment in mathematics, NAEC 

has elaborated a set of recommendations that fall into five categories: 1) National Curriculum; 2) 

General teaching approaches; 3) Student attitudes towards mathematics; 4) Instruments for 

teacher professional development; 5) School principal as an instructional leader.  

I. National Curriculum 

Recommendation 1. In order to achieve the declared and functional knowledge stipulated 

by the National Curriculum, it is essential to “unburden” the National Curriculum. 

Educational experts and practicing teachers should thoroughly and critically analyse the 

demands set out in the National Curriculum in order to identify math concepts that should 

be taught in depth (process-view of mathematics, rationally allocated in time, consistent) in 

order to create a fundamental basis for mathematics.  

 

Recommendation 2.The national curricula for mathematics and science subjects should be 

synchronized.Teachers unanimously agreed that in order to facilitate effective teaching and 

learning of fundamental sciences, students should have the opportunity to apply knowledge 

of mathematics to finding solutions for problems in science subjects. It is noteworthy that 

educational processes oriented towards memorization of mathematical facts and procedures 

require much time and resources. An adequate response to cope with this challenge would 
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be the modification of the National Curriculum, a redesign of existing textbooks, and the 

active application of constructivist approaches to teaching mathematics. 

 

Recommendation 3. As teacher beliefs, teaching practice and student achievement are 

significantly interrelated, it is important that professional development trainings and 

programs as well as pre-service educational programs and teacher training curricula, focus 

on the introduction of constructivist and conceptual approaches toteachers. It is well 

known that in order to implement changes and innovations in curriculum, teacher 

dispositions should not be in conflict with the values that underlie these innovations 

(Handal & Herrington, 2003). 

Recommendation 4. Constructivist methods should be actively applied in teaching 

mathematics. Teaching based on perceiving math concepts requires teachers to ensure 

students’ active participation in the learning process. The process should be oriented 

towards exploration and problem-solving, enhance students’ knowledge building and 

development through stimulating cognitive and meta-cognitive activities and incentivize 

individual quests.  

 

Recommendation 5. In order to motivate teachers to use a constructivist teaching 

methodology, special modules on constructivist methods should be introduced into teacher 

professional development activities. Special professional literature and resources should be 

available for pedagogues.  

 

Recommendation 6. Redesign of the National Curriculum and the introduction of 

constructivist teaching perspectives requires new textbooks. 

 

II. General teaching approaches 

Recommendation 7. The research, including the National Assessment, indicates that if 

teachers demonstrate care towards students, captivate students’ attention, motivate them to 

study, clearly explain learning materials, effectively lead the classroom, accept and 

appreciate student’s ideas and opinions, and consolidate learning material, students achieve 

more. Consequently, teachers need to learn how to construct and use effective teaching 

strategies. Therefore, teachers and future teachers should have access to and the motivation 

to obtain the latest theories and research through pre-service and post-service educational 

programs.  

 

III. Studentattitudes towards mathematics 

Recommendation 8.The perception of math’s importance and positive attitudes towards 

math are positively related to better student achievement. They also assist students in 

professional orientation and inthe solvingof everyday objectives. Therefore, in order to 



 

261 

form a positive attitude towards mathematics, it is important to create anenvironment that 

changes students’, parents’ and teachers’ stereotypes about math.  

 

IV. Instruments for teacher professional development 

Recommendation 9. In order to facilitate effective teacher professional development, 

trainings offered have to comply with the teachers’, schools’ and school system’s needs and 

expectations. Programs with the relevant format (content, methods, learning resources) 

have to rely on constructivist principles and be orientedtowards theapplication of the 

obtained knowledge. In addition, it is crucial to monitor to what extent trainings change 

pedagogues’ teaching practice and what the impact of these changes is on student 

performance and school efficiency. All of the above requires the elaboration and 

implementation of effective mechanisms for a training quality insurance system.  

 

Recommendation 10. Enhance school-based collaboration through empowering school-

based professional development teams. In order to have effective cooperation among 

collegues at school, the following preconditions have to be met: 1) The school leadership 

team should be competent at creating and strengthening the adequate conditions for 

school-based cooperation, and 2) Schools should have a pool of qualified teachers so that 

school-based cooperation becomes a platform for sharing new knowledge and innovations 

instead of reinforcing fallacious knowledge and inappropriate attitudes.  

 

V. School principal as an instructional leader 

Recommendation 11. Effective school leadership is positively related to student 

achievement. Therefore, school principals should devote more time to the important role 

and function of an instructional leader. In addition, state policy should offer more 

opportunities to school leaders in order to empower principals as instructional leaders.  
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