24




	4. Type of Program 
(in accordance with the Qualifications Framework of the European Higher Education Area)
	
	☐
	Foundation Program
	

	

	Degree
	Cycle
	Level

	☐
	Bachelor’s
	1
	6

	☐
	Master’s
	2
	7

	[bookmark: bookmark=id.gjdgxs]☒
	Doctorate
	3
	8




    




	5. Total ECTS Credits
	240
	6. Intended Start Date
	 13/01/20

	7. Mode of Study
	☒ Full-time
	☐ Part-time
	☐ Distance Learning

	8. Expected Duration of Program
	 48 months 

	9. Program Overview
	Describe the distinctive features of the program and any unique activities or opportunities.




3. Program Rationale

	1. Student Demand

	Mathematics research in Kazakhstan has witnessed an enormous boost over the last few years. In particular, it led to publications by Nazarbayev University mathematicians in leading journals in pure and applied mathematics. Also, this led to the publication of high-level research monographs in leading scientific publishers on several subjects leading to prestigious international prizes (Ferran Sunyer i Balaguer prize, Elsevier Scopus ”Top Researcher in Natural Sciences” award, Asian Universities Alliance (AUA) Scholars Award etc.). It would be an ideal moment for Nazarbayev University to capitalize on these developments at this key moment and to consolidate the newly emerging internationally leading mathematical research via its own Math PhD program. The existing international mathematical connections would provide a great additional boost to the development and promotion of the program.

The interplay between teaching and research is one of the visionary foundations of Nazarbayev University (NU). While it is still possible to introduce the culture of research and innovative and critical thinking even at the undergraduate level, the university, and the society in general, can only benefit from research with its greatest impacts if solid graduate programs are in place. Through a graduate program, 

1. the quality of research can be set at the highest level, 
2. topics of research can be selectively chosen to be always the-state-of-the-art, which maximizes the impact factors, qualitatively or quantitatively,
3. research activities are able to be planned and executed timely, with the support from well trained and qualified graduate students, under the supervision of experienced faculty members, and,
4. due to the high-quality and high-complexity nature of research, interdisciplinary research and/or intra-departmental or intra-university research can be promoted.

In line with the above vision of NU, the Department of Mathematics is proposing a PhD program in mathematics.

The proposed PhD program will expand the role of the mathematics department, from currently teaching mathematics and building fundamental mathematical skills and mastery of all students in general to carrying out excellence in research. This research activity will ensure that, at Nazarbayev University, mathematics as science will develop and advance, at least at the same pace as the other sciences, from which the other areas of research can also benefit.

As Kazakhstan strives to become one of the top 30 most developed countries under the ‘Third Modernization of Kazakhstan’ model of economic growth, we anticipate growing demand from local, national, and international sources for highly trained English speaking Ph.D. holder in mathematics, thus, providing a healthy job market for our graduates in academic, corporate, and government sectors. Graduates of this program are expected to find highly respected positions in academia and industry. 

Graduates of the Ph.D. in Mathematics program will be prepared to play important roles in Kazakhstan’s economy, especially with respect to research, technology, innovation and entrepreneurship. In this regard, this program will serve as a key building block in the research-driven economic and technological development of the region, and as a key amplifier of the influence of the Nazarbayev University within Kazakhstan and beyond its borders.

In this document, the terms ``mathematics’’ and, synonymously ``mathematical sciences’’, refer to all mathematics disciplines, loosely grouped into three divisions: pure mathematics, applied mathematics, and statistics, which are reflected in the present proposal.

The proposed PhD program is a 4-year program and comprises compulsory coursework, research, and dissertation writing. The program aligns with the structure of similar programs in North America, and is in compliance with the Bologna process, adopted by the Republic of Kazakhstan and the revised Graduate Programs Framework of Nazarbayev University (Annex 1).

By the completion of the PhD program, students will be capable of designing and conducting independent, innovative, original and high-quality research related to a variety of engineering topics. In addition, program graduates will be prepared for working in the industrial and academic environment in the positions of university faculty members, senior researchers, engineers, and product developers.


	2. Market Need

	Even though it always has been one of the key aspects in the development of science and technology in every generation, it is in the present time that mathematics has become so universal. Its role and importance are becoming appreciated and recognized. Its significance has been proved in the development of modern technology, new inventions, and ideas. Mathematics also has become alternative, if not dispensable, tools of analysis in areas where historically were quite disjoint from mathematics, like economics and social sciences.

According to the Society for Industrial and Applied Mathematics (SIAM), one of the most significant factors affecting the demands for mathematics and mathematicians was the development of digital computers. Since the past decades, mathematicians have been working with scientists, engineers, economists, financial analysts, and others, in a wider variety of areas that require an advanced level of mathematics, beyond what non-mathematicians were typically trained.

For example, Deloitte[footnoteRef:1], one of the largest consulting firms, reported in 2012, as commissioned by the UK's Engineering and Physics Research Council (EPRC) that mathematics-related economy has contributed to 10% of total employment (around 2.6 million jobs) and generated GBP 208 billion of total gross value added (GVA, 16%) in the UK. Productivity (GVA versus direct employment) of mathematics-related job is significantly higher than the UK’s average, i.e., GBP 74,000 as compared to GBP 36,000. [1:  Deloitte, Measuring the Economic Benefits of Mathematical Science in the UK, Final Report, November 2012] 


In 2009, The Wall Street Journal (WSJ) cited “mathematician” as the best job in the US[footnoteRef:2] and still it is one of the top jobs in the US.  [2:  The Wall Street Journal:  http://online.wsj.com/news/articles/SB123119236117055127] 


	3. Benefits for Stakeholders (Government, Sponsors)

	Advancement in mathematical sciences and research will contribute significantly to the  Kazakhstan’s increasingly technology- and science-based economy.[footnoteRef:3][footnoteRef:4] [3:  Nazarbayev, N.A.  (2012). Strategy   Kazakhstan 2050:  New Political Course of The Established State, Astana, Kazakhstan: Office of the President of The Republic of Kazakhstan.]  [4:  Decree of the President of the Republic of Kazakhstan, N449, 18 December 2012. On measures towards realization of the Strategy Kazakhstan-2050.] 


More specifically:

a. Private sectors will also contribute to the formation of the mathematics-related job market, especially in
· Financial sectors
· banking 
· actuary
· risk analysis
· security system
· Industries
· Design and optimization of industrial and manufacturing processes
· Design and optimization of products
· Energy sectors
· oil and gas sectors, for instance, in analyzing seismic data, oil and gas prospecting, reservoir engineering, flows in porous media
· green and renewable energy, for instance, in numerical and computational simulation of physical and chemical processes, computerized development of wind turbines
· Natural resource 
· water management
· development of new materials, using simulation and modeling

b. job opportunity in the academy  as university and college professors, which require a PhD will be widely available in line with the government’s efforts to reform the higher education in Kazakhstan
c. the currently established mathematics and statistics research institutes will also demand significantly a new generation of researchers with a proper training at master’s or PhD level.

A unique feature of the PhD program is its multi- and interdisciplinary nature; students enrolled in the program will be able to work at the interface between several disciplines.


	4. Relation to Existing/Contiguous Programs at Nazarbayev University (NU)

	1) Will this program replace an existing program at NU?
☐ Yes      ☒ No
If yes, please specify:
	The title of the old  program
	__________________________________ 

	The date to be discontinued 
	dd/mm/yy                                               


2) Will this program deflect demand from other existing programs at NU?
☐ Yes      ☒ No
If yes, please specify: 
	The title of the 
	_____________________________ program 

	The reasons
	_____________________________







4. Program Aims and Strategic Goals 

	1. Program Aims

	The Mathematical Association of America (MAA) has developed guidelines for mathematics departments to take advantage of the momentum and to respond to the new challenges in the 21st century. The MAA expects that future mathematics graduates will possess three important skills, which must be nurtured by university-level mathematics training:

1. critical-thinking,
2. problem solving, and
3. communication skills.

Similarly important is that mathematics departments are advised to provide the opportunity for their students to develop teaching skills and experience, as some of them may become future mathematics teachers/instructors. Many mathematics departments have followed the MAA recommendations by not only reforming the teaching and educational approach, but also redefining their research directions. The use of technology and modern approach, or exposure to relevant research and applications are now introduced to students at an early stage in the curriculum through regular teaching activities. 

The proposed PhD program has the following general objectives:

1. to produce a new breed and future generation of mathematics-based researchers, teachers, and professionals, who are can  self-learn and promote excellence.
2. to facilitate fundamental research activities, increase research productivity and impact, and, hence, promote the scholarship of the mathematics faculty, with the support from graduate students,
3. to foster interdisciplinary research within the Department of Mathematics, School of Sciences and Humanities, Nazarbayev University, and beyond,
4. to bridge the gaps between mathematical sciences, engineering, and other areas, 
5. to provide instructions on more focused areas required by advanced mathematicians and by non-mathematical graduate programs, and,

The design of the program levers current faculty expertise and takes into account Kazakhstan’s national research priorities. The proposed PhD program will determine the shape and direction of new mathematics department faculty hiring, by implementing targeted specialties.

It is expected that after the completion of the PhD study, a PhD graduate in mathematics will:

1. develop an independent learning culture in multidisciplinary settings, through advanced/graduate level fundamental courses and specialized courses, and research activities
2. demonstrate a systematic understanding of general advanced mathematical sciences and their focused field of study,
3. demonstrate the ability to perform a systematic process of research, 
4. become an expert in the subject of their research discipline 
5. make a contribution through an original research work, which extends the current frontier of mathematics, opens a new research area or new applications, or leads to improved mathematical methods,
6. perform critical analysis and evaluation of complex ideas,
7. communicate their ideas, oral and written, with their peers, scholarly community, and general audience,
8. develop teaching and pedagogical skills, and
9. contribute to the advancement of the knowledge-based society for Kazakhstan.

The above qualifications will ensure that the graduates are well prepared for work in the environments that utilize advanced levels of mathematics. These work environments include mathematical research, scientific and engineering activities, public policy and analysis, financial corporations, and educational sectors. 

	2. Relationship to NU Mission and Goals

	As an exemplar of high standards in education, Nazarbayev University is responsible for dissemination of advanced academic practices to other universities in Kazakhstan.  One of the ways this can be achieved in a sustainable manner is by preparing and educating specialists with a PhD degree of international standard, who will join academic institutions and improve the education system of Kazakhstan.  Mathematics is at the core of many university programs that by introducing a PhD program in mathematics, Nazarbayev University will be able to contribute to the advancement of a wide range of areas in academia. 

	3 Relationship to School Strategic Plan

	The interplay between teaching and research is a fundamental principle of Nazarbayev University (NU) and foundational for the School of Science and Humanities (SSH). To become the leading center of science and humanities in Kazakhstan and the wider Central Asian region. The School will prepare students who will invent Kazakhstan’s future by giving them a world-class education and so that they will boost Kazakhstan's intellectual potential. Ph.D. programs will enable students to compete globally and to contribute to the highest internationally accepted standards in mathematics and to participate in the economic and social development of Kazakhstan. 
In line with the above vision of SSH, the proposed PhD program will expand the role and contribution of the mathematics department, from teaching and building fundamental mathematical skills to delivering excellence in research. The higher level of research activity delivered by an active PhD program will ensure that the School of Science and Humanities will keep pace with and more effectively contribute to the development of a knowledge-based society for Kazakhstan.







6. Program Structure and Academic Content

	1. Curriculum 

	The four-year 240 ECTS credit Ph.D. in Mathematics is a research intensive third cycle program designed according to the Bologna requirements. The curriculum of the program consists of three different types of courses: 

1) core pillar courses (20 ECTS),
2) elective pillar courses (40 ECTS), and
3) research pillar courses (Thesis Research and Thesis Dissertation) 180 ECTS).

Core pillar courses consist of one disciplinary core course (6 ECTS), and two department core courses (14 ECTS). These courses are designed to give a solid and broad base of advanced knowledge in technology and data-driven areas of mathematics that provides the students with an opportunity to acquire the necessary theoretical and methodological knowledge to succeed in their research. These courses are planned for the first year. 
A selection of department elective courses (40 ECTS) in Semesters 1 and 2 will permit students to define specialization areas according to future research and professional career goals. 
   The Research pillar course Thesis Research spans Years 1-2. In Semesters 1-2 and Summer Term 1 students develop their Thesis Proposal. Semesters 3-8 and Summer Terms 2-4 are dedicated to thesis research only. 
Courses may be waived on admission for students who are deemed to have completed equivalent work and have achieved an acceptable level of understanding (min. grade B+) and replaced by Level-8 course(s) (the max. ECTS waive possible 40% of taught elements, i.e. 24 ECTS  from
core or elective of equal credit value) selected by the student’s supervisory committee and approved by the corresponding departmental committee.

The list of courses for the Ph.D. in Mathematics is given below:

Discipline CoreCourses (1)
DENG 782 Research Methods & Ethics (6 ECTS)

Department Core Courses (2)
MATH 701 Real analysis (8 ECTS)
MATH 791 Topics in Mathematics (6 ECTS)

Department Electives (8)
MATH 702 Functional Analysis with Applications (8 ECTS)
MATH 711 Advanced abstract algebra (8 ECTS)
MATH 721 Nonlinear Differential Equations with Applications (8 ECTS)
MATH 722 Advanced Partial Differential Equations and Applications (8 ECTS)
MATH 741 Computational Fluid Dynamics (8 ECTS)
MATH 751 Probability Theory (8 ECTS)
MATH 761 Mathematical Finance (8 ECTS)
MATH 771 Operations Research (8 ECTS)

Research Course(2)
            MATH 799 Thesis Research(0 ECTS)
            MATH 800 Doctoral Thesis (180 ECTS)

Learning and teaching methods utilized in the courses will include
1) lectures,
2) class discussion,
3) reflective assignments,
4) literature review,
5) research paper writing,
6) research project,
7) research poster design, and 
8) oral presentation

Thesis for Ph.D. in Mathematics. A faculty member of the Mathematics Department will act as the thesis supervisor. Further, co-supervisors (NU or external) are mandatory. All PhD students will be funded centrally through a Graduate Teaching Assistantship (GTA) in the first two semesters of 1st year.  It is expected that Ph.D. students take this time to understand the research opportunities available in the Department of Mathematics by attending faculty seminars. Ph.D. students should find a suitable supervisor for the research that interests them and for which the Department has capacity to supervise by the end of the 2nd semester. The supervisor committee consists of three faculty members including the thesis supervisor, one NU faculty member and one external member to be recruited by the thesis supervisor. The composition of the committee requires the approval by the Ph.D. Program Director of the Mathematics Department. The supervisory committee is responsible for approving a student’s thesis research topic and the student’s candidacy for thesis proposal defense if the student has passed the Qualification Exam at the end of the first academic year. The thesis proposal defense shall be scheduled during the Fall semester of the second academic year. The student’s research culminates in the writing and presentation of the thesis. Before the end of the eight semester of the fourth academic year, the student will present the thesis in an oral defense and write and submit the thesis manuscript, which will be reviewed by the thesis defense committee consisting of at least one Department faculty member, at least one NU faculty members and at least one external member. 

Sample schedule.

	Year 1: Fall Semester (1st Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Discipline Core
	Research Methods & Ethics*
(DENG 782)
	SEDS
	6
	45
	105

	Dept. Core
	Real Analysis
(Math 701)
	MATH
	8
	45
	155

	
	Thesis Research
(Math 799)
	MATH
	0
	0
	30

	Dept. Elective
	Graduate Elective Course 1
	All**
	8
	45
	155

	
	Graduate Elective Course 2
	All**
	8
	45
	155

	SEMESTER SUBTOTAL:
	30
	180
	600


(*) Course may be waived for NU graduates and replaced by a Level-8 (Bologna process) course (core or elective) selected by the student’s supervisory committee and approved by the corresponding departmental committee.
(**) All participating schools and departments with Level-8 courses

	Year 1: Spring Semester (2nd Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Dept. Core
	Topics in Mathematics 
(MATH 710)
	MATH
	6
	45
	105

	
	Thesis Research
(MATH 799)
	MATH
	0
	0
	30

	Dept. Elective
	Graduate Elective Course 3
	All**
	8
	45
	155

	
	Graduate Elective Course 4
	All**
	8
	45
	155

	
	Graduate Elective Course 5
	All**
	8
	45
	155

	SEMESTER SUBTOTAL:
	30
	180
	600



(*) Course may be waived for NU graduates and replaced by a Level-8 course (core or elective) selected by the student’s supervisory committee and approved by the corresponding departmental committee.
(**) All participating schools and departments with Level-8 courses

	Year 1: Summer Term (1st Summer Term)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	400

	SEMESTER SUBTOTAL:
	0
	0
	400


	Year 2: Fall (3rd Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	720

	SEMESTER SUBTOTAL:
	0
	0
	720

	

	
	
	


	[bookmark: _Hlk18249310]Year 2: Spring (4th Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	720

	SEMESTER SUBTOTAL:
	0
	0
	720



	Year 2: Summer Term (2nd Summer Term)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	400

	SEMESTER SUBTOTAL:
	0
	0
	400



	Year 3: Fall (5th Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	720

	SEMESTER SUBTOTAL:
	0
	0
	720







	Year 3: Spring (6th Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	720

	SEMESTER SUBTOTAL:
	0
	0
	720


	Year 3: Summer Term (3rd Summer Term)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	400

	SEMESTER SUBTOTAL:
	0
	0
	400



	Year 4: Fall (7th Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Thesis Research
(MATH 799)
	MATH
	0
	0
	720

	SEMESTER SUBTOTAL:
	0
	0
	720


	Year 4: Spring (8th Semester)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Dept. Core
	Doctoral Thesis (MATH 800)

(Thesis Research (MATH 799)) *
	MATH
	180

(0)*
	0
	720

	SEMESTER SUBTOTAL:
	180
(0)*
	0
	720


*If not submitted and defended

	Year 4: Summer Term (4th Summer Term)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Doctoral Thesis (MATH 800)

(Thesis Research (MATH 799)) *
	MATH
	180

(0)*
	Doctoral Thesis (MATH 800)

(Thesis Research (MATH 799)) *
	400

	SEMESTER SUBTOTAL:
	180
(0)*
	0
	400


*If not submitted and defended
	SEMESTER Year 5: Fall (9th Extension Semester, Subject to Approval)

	Course
	Academic Unit
	ECTS Credits
	Workload

	
	
	
	Class Hours
	Self-study Hours

	Research
	Doctoral Thesis
(MATH 800)
	MATH
	180
	0
	720

	SUBTOTAL:
	180
	0
	720



Courses

DENG 782 Research Methods & Ethics which is administered and delivered by faculty of School of Engineering and Digital Sciences is not listed here. 

Department Core Course
	Course Code and Title
	MATH 701 Real Analysis

	Course Description 
	This course is an introduction to the modern theory of integration. The course begins with an introduction to measure theory, which is then used to introduce Lebesgue integration. After introducing the Lebesgue integral, we discuss the major theorems relating to Lebesgue integration. The course concludes with an introduction to function spaces and functional analysis.
Pre-requisites: MATH 361 (Introductory Real Analysis 1) or equivalent 
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. Fully understanding of measures and measure spaces;
2. Able to prove fundamental properties about integrals with respect to measure;
3. Structure of function spaces;

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	

	2
	•
	•
	•
	•
	
	
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	•





Department Core Course
	Course Code and Title
	MATH 791 Topics in Mathematics

	Course Description
	A selection of advanced topics of mathematics. Topics will vary depending on the instructor and the level of the audience. In-depth content on selected mathematical topics, including their relation and application to the classroom. Topics courses permit a group of students to benefit from special expertise offered by faculty members and the opportunity to address particular learning interests of groups of students that may be identified.
Prerequisite: Master’s degree
ECTS: 6

	Course LOs
	By the end of the course students will be able to:
1. give the key notions, definitions and results that are particular to the topic in question;
2. during the course students will research, prepare, and present one or more aspects of the material in the form of a written and/or oral report;
3. demonstrate problem solving ability using the tools and materials in the course;
4. explain the relevance of the topic and applications.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	•

	3
	•
	•
	•
	•
	•
	•
	•
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	•


         Have


Department Elective 
	Course Code and Title
	MATH 702 Functional Analysis with Applications

	Course Description
	This advanced-level functional analysis course covers the general topic of the function and operator theory as well as their applications in mathematical physics and astronomy: Advanced concepts of functional spaces, Banach algebras, subspaces, embedding of spaces, separable spaces, and reflexive spaces. Foundations of the operator theory, bounded operators, invertible operators, restrictions and extensions of operators, Fredholm operators, Volterra operators, unbounded operators. Spectral theory, resolvent and spectrum, Hilbert-Schmidt theory and its application, Schatten-von Neumann classes, spectral properties of non-self- adjoint operators, biorthogonal systems. Symmetric rearrangements and applications, Hardy-Littlewood inequality, Riesz inequality, Polya-Szego inequality, Brownian motion in a ball, Optimal membrane shape for the deepest bass note, Maximiser body of the gravitational field energy, Dynamical stability problem of gaseous stars. Stability of symmetric steady states in galactic dynamics. Additionally, the course will focus on applications of functional analysis in integral and differential equations arising engineering and mathematical physics. 
Prerequisite: Master’s Degree
ECTS: 8

	Course LOs 
	By the end of the course students will be able to:
1. Demonstrate a comprehensive understanding of the fundamental principles of functional spaces (Banach algebras/spaces, subspaces, embedding of spaces, separable spaces, reflexive spaces);
2. Establish and solve the operator equations;
3. Learn qualitatively restrictions and extensions of operators;
4. Learn the basic properties of bounded operators (Fredholm operators, Volterra operators etc) and unbounded operators (e.g. ordinary differential operators);
5. Acquire a basic knowledge of the spectral theory;
6. Learn the various applications of spectral theory in science, engineering, industry;
7. Develop their sense of rigor, logic and deduction when tackling a problem, and develop their analytical reasoning skills in problem-solving;
8. Demonstrate improvement in communication, reporting and writing skills by writing clear and soundly-argued solutions to problems.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	
	•
	•
	•
	•
	•
	•
	

	2
	•
	
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	•

	4
	•
	•
	•
	•
	•
	•
	•
	•
	

	5
	•
	•
	•
	•
	•
	•
	•
	•
	•

	6
	•
	•
	•
	•
	•
	•
	•
	•
	

	7
	•
	•
	•
	•
	•
	
	
	•
	

	8
	•
	•
	•
	•
	•
	
	
	•
	•





Department Elective
	Course Code and Title
	MATH 711 Advanced abstract algebra

	Course Description
	This is an upper level course in abstract algebra. It covers advanced group theory. In particular, field extensions, separability and inseparability, Galois theory, solvable and nilpotent groups and Sylow groups.
Prerequisite: MATH 402 (Abstract Algebra) or equivalent
ECTS: 8

	Course LOs
	By the end of the course students will be able to: 
1. Demonstrate a comprehensive understanding of the fundamental concepts in group theory, in particular, in Galois theory and the theory of field extensions and Sylow groups;
2. Demonstrate a comprehensive understanding of the fundamental concepts in ring theory, in particular, the notions of Noetherian rings, local rings, principal ideal domains, modules;
3. Operate with the concepts of group and ring homomorphisms and know their applications and significance;
4. Connect algebraic concepts and tools to solving problems in other areas of mathematics;
5. Develop their sense of rigour, logic and deduction when tackling a problem, and develop their analytical reasoning skills in problem-solving;
6.  Demonstrate improvement in communication, reporting and writing skills by writing clear and soundly-argued solutions to problems.
	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	
	•
	•
	•
	•
	
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	

	5
	•
	•
	•
	•
	•
	•
	•
	•
	

	6
	•
	•
	•
	•
	•
	•
	•
	•
	•





Department Elective
	Course Code and Title
	MATH 721 Nonlinear Differential Equations with Applications

	Course Description
	This course examines ordinary differential equations (ODEs) from a geometric point of view and involves significant use of phase-plane diagrams and associated concepts, including equilibrium points, orbits, limit cycles, and domains of attraction. Various methods are discussed to determine existence and stability of equilibrium points and closed orbits. Methods are discussed for analyzing nonlinear differential equations (e.g., linearization, direct, and bifurcation analysis). An introduction to chaos theory is also presented. The techniques learned will be applied to equations from physics, engineering, biology, and ecology.
Prerequisite: Master’s degree
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. draw and interpret phase diagrams;
2. distinguish between stable and unstable equilibrium points;
3. distinguish types of bifurcation;
4. find limit cycles and describe their stability;
5. apply Poincare-Bendixon theorem;
6. understand and apply the concept of Lyapunov stability;
7. find Lyapunov exponent;
8. understand chaotic attractors.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	•

	3
	•
	•
	•
	•
	•
	•
	•
	•
	•

	4
	•
	•
	•
	•
	•
	•
	•
	•
	

	5
	•
	•
	•
	•
	•
	•
	•
	•
	

	6
	•
	•
	•
	•
	•
	•
	•
	•
	

	7
	•
	•
	•
	•
	•
	•
	•
	•
	

	8
	•
	•
	•
	•
	•
	•
	•
	•
	•





Department Elective
	Course Code and Title
	MATH 722 Advanced Partial Differential Equations and Applications

	Course Description
	This course is an introduction to the theory of linear and nonlinear partial differential equations. The course begins with a discussion of the theory of linear and nonlinear first-order equations. This is followed by a discussion of the theory of linear second-order equations. The course concludes with an introduction to function spaces which are used in the modern study of partial differential equations.
Prerequisite: MATH 701 Real Analysis
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. Solve transport equation;
2. Compute solutions of Laplace and heat equation using Green’s function;
3. Calculate solutions of the wave equation by spherical means, Kirchhoff’s and Poisson’s formula;
4. Analyze uniqueness of solutions of main PDEs by energy methods;
5. Examine regularity and properties of solutions of main PDEs;
6. Model physical phenomena using PDEs;
7. Understand distribution theory and characterize Sobolev spaces.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	

	5
	•
	•
	•
	•
	•
	
	
	•
	

	6
	•
	•
	•
	•
	•
	•
	
	•
	•

	7
	•
	
	•
	•
	•
	•
	•
	•
	•





Department Elective
	Course Code and Title
	MATH 741 Computational Fluid Dynamics

	Course Description
	This course will make students familiar with numerical analysis of schemes designated for solving problems in fluid dynamics. The main focus in numerical analysis will be on stable finite element discretizations for incompressible Navier-Stokes equations, stabilization methods for convection-dominated problems and time discretizations for the corresponding non-stationary problems. The course is designed to teach students numerical analysis for scalar transport equations and Navier-Stokes equations. Students will also learn implementation aspects for presented schemes in Matlab and modern multi-physics software package Comsol to carry out simulations for problems in fluid dynamics. 
Prerequisite: MATH 517 Scientific Computing
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. derive the transport equations for incompressible fluids;
2. establish weak formulation and choose the proper solution spaces;
3. discretize incompressible fluid flow problems;
4. analyze  limitations of standard finite elements and time discretizations for solving Navier-Stokes and convection dominated problems;
5. implement in MATLAB/Octave solvers;
6. make simulations using the modern CFD package Comsol.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	

	5
	•
	•
	•
	•
	•
	•
	•
	•
	

	6
	•
	•
	•
	•
	•
	•
	
	•
	•





Department Elective
	Course Code and Title
	MATH 751 Probability Theory

	Course Description
	This course is a graduate introduction to probability theory. This is a measure-theoretic probability course, so students are expected to have solid background on at least undergraduate real analysis as well as elementary probability theory. Topics include Probability Space, Random Variables and Distributions, Limit theorems, Convergences of random variables, Generating functions, Characteristic functions and Zero-one law. Other topics may be included if time permits. 
Prerequisite: Undergraduate level probability
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. Understand all concepts mathematically rigorously, based on measure theory;
2. Can state all definitions covered in class and key theorems;
3. Can apply the proof techniques covered in class to other problems;
4. Can apply the probabilistic concepts to other areas of studies;
5. Demonstrate improvement in communication, reporting and writing skills by writing the proofs of homework sets rigorously. 

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	•

	5
	•
	•
	•
	•
	•
	•
	•
	•
	•





Department Elective
	Course Code and Title
	MATH 761 Mathematical Finance

	Course Description
	This is a graduate level course on stochastic calculus and its use in mathematical finance. We will cover basic mathematical concepts and theories used in finance. At the end of the course, the students are expected to master in stochastic calculus and its various applications in finance. 
Prerequisite: Master’s degree
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. apply stochastic calculus;
2. use notions of fair price and arbitrage;
3. apply Ito Lemma and its use in pricing derivatives in Black-Scholes framework.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	


         Have


Department Elective
	Course Code and Title
	MATH 771 Operations Research

	Course Description
	This is a graduate level course on operations research and optimization theory and its use in various applied sciences such as finance and engineering. The course covers deterministic and stochastic optimization, in particular the dynamic programming algorithm, deterministic discrete and continuous time optimization and its stochastic analogues, Pontryagin maximum principle, modelling of stochastic linear and nonlinear systems.
Prerequisite: Master’s degree
ECTS: 8

	Course LOs
	By the end of the course students will be able to:
1. Learn dynamic programming paradigm;
2. Learn Pontryagin maximum principle;
3. Use optimization theory in finance and engineering.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	•

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	





Research Course
	Course Code and Title
	MATH 799 Thesis Research

	Course Description
	This course is designed to monitor progress and develop understandings, skills, and outlooks to conduct original, independent research at the PhD level. The student will develop (with the advisor’s guidance) a research plan at the beginning of the semester that will state a research problem/question/hypothesis, its background, outline a research strategy, method of data collection, interpretation and validation, and method of communication of the project results to others. The research plan is used as the basis for assessment of the student’s research progress.
The course aims are:
1. To assist the student to plan and carry out thesis research
2. To provide a record of student research progress
3. To provide research feedback to the supervisory committee
Prerequisite: Master's degree
ECTS: 0

	Course LOs
	By the end of the course students will be able to:
1. discover and pursue a unique topic of research in order to construct new knowledge;
2. design and conduct an original research project;
3. develop skills in designing a discipline specific research methodology;
4. develop a working knowledge of relevant literature in the thesis discipline;
5. practice academic writing appropriate to the discipline and learn how to participate in the peer review process; and
6. discuss research and other topics with academics in the thesis discipline.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	

	2
	•
	•
	•
	•
	•
	•
	•
	•
	

	3
	•
	•
	•
	•
	•
	•
	•
	•
	

	4
	•
	•
	•
	•
	•
	•
	•
	•
	•

	5
	•
	•
	•
	•
	•
	•
	•
	•
	

	6
	•
	•
	•
	•
	•
	•
	•
	•
	






Research Course
	Course Code and Title
	MATH 800 Doctoral Thesis

	Course Description 
	This course is designed to facilitate in the eight Semester of the fourth Academic Year the writing and submission of the doctoral thesis for review by the thesis examiners. The thesis must be completed according to the Format and Style Guidelines of the Mathematics Department.
The course aims are:
1. to provide students the opportunity to write up each chapter of the thesis which represents in most cases the content of an already published original research article derived from the thesis research results and research articles submitted or accepted for publication in a peer-reviewed international journal in a thesis format;
2. to provide students feedback on each chapter by the supervisory committee before the thesis is submitted.
Prerequisite: Master's degree
ECTS: 180

	Course LOs
	By the end of the course students will be able to:
1. practice academic writing appropriate to the discipline and learn how to participate in the peer review process; 
2. demonstrate expertise within their area of research specialization and breadth of knowledge within the thesis discipline.

	CLOs

	PLOs

	
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	•
	•
	•
	•
	•
	•
	•
	•
	

	2
	•
	•
	•
	•
	•
	•
	•
	•
	








	2. Progression

	The structure of the Ph.D. program is organized in a way that students will receive extensive education in the three program pillars focusing on (1) delivering comprehensive discipline knowledge, (2) research training, and (3) basic education in communications, and innovation and entrepreneurship. Students will be taught modules of each of the three pillars in the first two semesters, starting with fundamental courses in the first semester and leading to advanced and specific topics, theoretical and practical training in research in the second semester. Courses focusing on technical communications, and on innovation and entrepreneurship compliment these subject courses. The second semester of the first year of the program is designed to promote a deeper understanding of specific areas in the mathematics through specialized courses in the second and third semesters. Students will also develop and conduct their individual research project starting from the second year. Accordingly, the students will plan their thesis project starting from the Fall semester of the second year and defend their project proposal by the end of the Spring semester of the fourth year. Starting from the Spring semester of the second year the students y devote their time to thesis research. The Spring semester of the fourth year is exclusively devoted to culminating in research thesis writing and thesis defense. Throughout the program students will be exposed to a variety of teaching and learning approaches, including literature reviews, presentations, problem and team-based learning sessions, writing a report, practical demonstrations. The program design will enable intellectual challenges, promote critical thinking and problem-solving skills, as well as practical expertise in techniques and technologies. By the end of the program students will have gained an in-depth knowledge of key research areas and practical experience in key technologies driving these areas.

	3. Program Completion Requirements

	To progress towards degree-granting the students shall fulfill the following requirements:
1. Complete all required coursework (core, electives, research) in the program. All PhD students are required to achieve, during the first year of the program, a CGPA of 2.67 (B-) or higher to satisfy progression requirements and maintain their normal status in the program. Starting from the Summer semester of the first year all students should pass MATH 799 course. 
2. Pass the Qualification Exam by the end of the first academic year. The Qualification Exam shall determine if the student has the knowledge base to continue to the research phase of the Ph.D. program consisting of the thesis proposal and defense, research, thesis submission and thesis defense. Possible outcomes of the Qualification Exam are 1) Pass, 2) Pass with conditions, 2) Defer, and 3) Fail.
Students who fail or defer the Qualification Exam can re-take it at the beginning of the following academic year. Failing the re-taken Qualification Exam results in the student being recommended for dismissal from the Ph.D. program.
      The examination covers the topics of one core and two elective courses:
· MATH 701 Real Analysis;
· two level 8 (Bologna process) Department Electives selected by the student's the supervisory committee, which are in alignment with his/her research interests/topic. 
Criteria of evaluation are:
· knowledge of core and subject-specific areas;
· knowledge of underlying general principles and facts;
· scientific logic and analytical thinking.
3. Complete two Graduate Teaching Assistant (GTA) appointments which require a maximum of 10 h/week commitment per semester or Summer term during the first two years.
4. Pass the oral Thesis Proposal Defense at latest by the end of the third semester in the second academic year.
5. Successfully complete of the period progress review as part of MATH 799 Thesis Research every semester term in form of a seminar and/or progress report.
6. Conduct the necessary research towards the completion of MATH 799 Thesis Research 
7. Write the Doctoral Thesis (MATH 800) according to the Department’s Ph.D. Thesis Format and Style Guidelines.
8. Provide proof of at least one published, in press or accepted for publication original research paper in a journal indexed in Scopus and/or Web of Science related to thesis study by the time of requesting thesis submission for examination.
9. Approval of the Doctoral Thesis by the internal and external reviewers.
10. Pass the Thesis Defense.



7. Assessment Strategies

	1. Assessment 

	
The PhD in Mathematics program will use the full range of outcome measures within comprehensive multimodal program assessment methods (PAM) of students’ achievement of the competencies.

	Program Assessment Methods 
	Name of Assessment Method 

	PAM 1
	Written or oral examination (incl. Qualification Exam)

	PAM 2
	Course work

	PAM 3
	Case study or Viva/interviews

	PAM 4
	Thesis research progress presentation and report

	PAM 5
	Thesis proposal writing

	PAM 6
	Thesis or research paper writing and presentation

	PAM 7
	Supervised interaction with undergraduate students in teaching and grading assignments



	
	Program Assessment Method 

	
	PAM 1
	PAM 2
	PAM 3
	PAM 4
	PAM 5
	PAM 6
	PAM 7

	Program Learning Outcomes
	PLO 1
	   •
	•
	•
	•
	•
	•
	

	
	PLO 2
	•
	
	•
	•
	•
	•
	

	
	PLO 3
	
	•
	•
	•
	•
	•
	

	
	PLO 4
	•
	
	•
	•
	•
	•
	

	
	PLO 5
	
	
	
	
	
	•
	

	
	PLO 6
	•
	
	•
	•
	
	•
	•

	
	PLO 7
	•
	
	•
	•
	•
	•
	

	
	PLO 8
	
	
	•
	•
	•
	•
	•

	
	PLO 9
	
	
	
	
	
	
	•



[bookmark: _GoBack]Taken together, the combination of knowledge assessments, performance-based assessments, faculty observation, peer assessments, and the research thesis project will provide a comprehensive and cumulative portfolio of information on the progress of students and their achievement of the competencies. The multimodal assessment information will be used in a formative and ultimately a summative fashion (Thesis Research) towards the performance of students.

	

	




8. Student Support

	1. Academic Support 

	
1. Guidance and academic advice.  A primary supervisor, who is a faculty member of the SSH Mathematics Department with a professorial rank of Assistant Professor and above, will be assigned to a PhD student, also a co-supervisor will be appointed. The co-supervisor can be a faculty member in the mathematics department or faculty from other departments or schools at NU, or from other universities in Kazakhstan. The supervisor is the key faculty member responsible for guiding the student through the PhD program, and especially through the process of identifying and designing her or his dissertation topic.  The supervisor is also expected to work closely with the PhD student in planning and conducting her or his research project. The supervisor will work with the student to determine when the dissertation draft is ready for the final defense at the University.  The supervisor and PhD candidate work together to identify the student’s advisory committee.
2. Identification and support of high-achieving students. Meeting student’s career goals is enabled by shared goals of faculty members and high-achieving students. A visible and quantifiable commitment to student success is exemplified by the number of students being supported by individual faculty grants, conference attendance, publications, and research internships abroad. Program faculty and thesis committee members further help students to define research goals and career plans and by advising them in their career transition and providing help with PhD program and professional job applications. High-achieving students can and do utilize these and other resources to target their career goals and build a network of contacts, which will enable them in their career transition.
3. Identification and support of low-achieving students. Early intervention programs can help students to get back on track. In the first year academic achievement and class attendance can be a predictor of future success. With that in mind, we monitor students consistently throughout the semester and can respond quickly. We know how to identify "red flags" absenteeism, poor grades, and early behavioral changes. A strength of the program is its relatively small size enabling faculty, thesis committee members, administrators, and student peers to interact and communicate successes and potential signs of problems. Continuous communication between supervisory and thesis committee members, and the program director will identify low-achieving students for early intervention. Examples of signs we are looking for: Has a student already missed classes in the first two or three weeks or performed inadequately on an exam? Has she/he reported feeling overwhelmed or disengaged from  her/his supervisor? Have there been unexpected delays in obtaining reagents or ethics approval for the thesis project? By anticipating delays and needs of our students, we can reach out with appropriate resources and intervene in time to ensure student success. If necessary, students will be referred to counseling services provided by the Department of Student Affairs. 
4. Central Support. The central services of the university work with the Schools and faculty to ensure that the services offered meet the needs of students. Personal support is provided through advisory service to discuss personal concerns or difficulties during their program which might affect their personal development and academic performance.


	2. Career and Internship Support

	Student support is provided by a combination of services, centrally in the university, by SSH and at the PhD program level. Much of the support focuses on developing students' skills to enhance their performance in the program.
 This support is provided through the main Supervisor and Co-supervisors, who are the primary point of contact for all matters relating to students' welfare and progress including career counseling.   The Supervisor(s) and PhD candidate work together to identify the student's Advisory Committee. The Supervisor is the key faculty member responsible for guiding the student through the PhD program, and especially through the process of identifying and designing his/her dissertation topic. The Supervisor is also expected to work closely with the PhD student in planning the research work and in the analysis of the data. Finally, the Supervisor must approve the draft of the dissertation prior to it being sent for external review. The Supervisor(s) will work with the student to address the comments and suggestions of the external examiner and will then determine when the dissertation draft is ready for the final defense at the University.
Academic staff delivering taught modules and lectures will provide students with necessary material, in classrooms, laboratories, and workshops, by print and electronic material such as Moodle. Students will be encouraged to attend Professional Development Workshops organized by CAC, SSH or the Department.
All students are required to take part in a 6 to a 12-month internship at an international host laboratory. The host supervisor and supervisory team at NU will maintain communication with the student throughout the student's stay. The internship supported by supervisor or co-supervisor’s individual faculty grants or from the School budget.



9. Student Admission 

	1. Student Enrollment Projections

	
	
	2019-2020
	2020-2021
	2021-2022
	2022-2023
	2023-2024

	Students Admitted
	3
	5
	7
	7
	7

	Continuing Students (Year 2)
	0
	3
	5
	7
	7

	Continuing Students (Year 3)
	0
	0
	3
	5
	7

	Continuing Students (Year 4)
	0
	0
	0
	3
	5

	Students Graduating
	0
	0
	0
	3
	5




	2. Student Recruitment 

	Student recruitment will be conducted by the Graduate Admission Office, working closely and collaboratively with the School of Sciences and Humanities as well as the Mathematics Department.

The Mathematics Department will form an internal graduate study committee to coordinate and oversee the PhD program and to conduct PhD recruitment.

	3. Admission Standards

	Admission	to the PhD	program is highly	competitive.
Briefly, the admission procedure includes:
1)	completion of the on-line application form by the applicant;
2)	submission of the resume, two academic letters of reference and a cover letter explaining the motivation to enroll in the PhD program, and the tentative choice of the research subject;
3)	evidence of successful completion of the 1st and 2nd cycle of higher education in a relevant discipline (consisting of a minimum of 300 ECTS credits or its equivalent);
4)	proof of sufficient English language proficiency to be able to function satisfactorily in a graduate level, English-medium environment, which can be evidenced by an IELTS overall grade of 6.5 with a minimum of 6.0 in each of the subtests, or a comparable TOEFL or CPE score;
5)	all applicants meeting the minimum requirements for admission to the PhD program will be invited for a personal interview with the Admissions Committee.

All of these factors will be taken into account in the final recommendation of the Admissions Committee regarding admission to the PhD program. 





10. Program Funding

	1. Financial Sustainability

	 The Ph.D. program is fully funded by state grants of the Republic of Kazakhstan. All National students admitted to Ph.D. program are eligible for state grants and a stipend funded by the government. Equivalent support for qualified international Ph.D. students is provided by the University.  The support covers tuition fees, stipend and other relevant expenses including overseas training. In the future, all NU schools are expected to charge tuition fees. The tuition fee of the Ph.D. program in Life Sciences will be based on the market conditions and the competitive positioning of the program. At that time the Ph.D. will aim to recruit a mix of government-funded and self-financed students. The admission requirements will remain the same for both groups of students, but the state grants will be given to qualified applicants on a competitive basis. Students who will be offered admission to the program without state grants will be asked to support themselves.

	2. Student Financial Assistance

	 All accepted students will be eligible for government-sourced stipends paid through the university. Additional support through research grants awarded to faculty members is subject to availability. All stipends are meant to enhance research, teaching and learning activities, provide social support to students and cover their expenses during their study. Students will also have an option to be hired as graduate teaching assistants or graduate assistants to supplement their income while developing their teaching and interpersonal skills.




11. Academic Staff Requirement


12. Resources

	1.  Library Resources

	The NU Library is well equipped with books and offers a sufficient number of subscriptions to online journals and books required for the modified program.

	2. IT Resources

	The computational infrastructure and software support if budgeted well in advance will suffice the requirements of Ph.D. program and students' research data analysis software needs.

	3. Facilities

	No additional facilities are required for the Ph.D. program in mathematics.
Software will be provided to each PhD student, on his/her workstation, which includes Maple, Mathematica, MATLAB, or other software that are generally used in the department.






13. Quality Assurance and Enhancement 

	1. Program Design and Approval 

	Modification of programs or proposal of new programs are reviewed by the departmental Curriculum Committee. A graduate student representative and external advisor shall be consulted before a new program or modification proposal is finalized. The modification or new program proposal will then be submitted and presented to the SSH Teaching and Learning Committee and Academic Quality Enhancement Committee for review and approval. Finally, the modified or new program must be approved by Academic Council.


	2. Continuous Improvement

	 The departmental Graduate Curriculum Committee shall facilitate the quality monitoring, review and discussions on modifications for improvements with active involvement of faculty members. Continuous assessment of the quality of program delivery and general compliance with NU’s Quality Assurance Framework will be conducted through reviewing syllabi and course content to be deposited by course instructors into departmental file sharing folder, student feedback questionnaires, instructor reports and responses to student feedbacks, faculty peer reviews and exit survey of graduates upon completion of the program by each cohort.
        An annual program monitoring report shall be prepared by a departmental Program Monitoring Committee chaired by the Head of the Department, including senior faculty members and a student representative, and submitted after the completion of each academic year. The report shall be reviewed and approved by the School's Teaching and Learning Committee before being forwarded to the Dean for endorsement.




14. Accreditation

	1. Professional/Accrediting Bodies

	[bookmark: _heading=h.30j0zll]Not applicable. 

	2. Accreditation Standards

	Not applicable.




15. Supplementary Information

	1. Supporting Material

	Provide the following information as separate documents complementary to this Form.
1) External reviewer’s feedback with regard to the proposed program;
2) Recommendations by the School Teaching and Learning Committee;
3) Dean’s formal letter to support this Proposal covering: the rationale for the introduction
of the program; arrangements made to assure the availability of academic staff and other resources (IT, library, facilities, laboratories, equipment and technology) to offer a quality program.  

	2. E-Learning

	E-Learning models are extensively useful in all subjects for undergraduate students including mathematics and statistics teaching, nevertheless, as implementation e-learning ( except for some virtual learning environments and specialized software) for graduate-level courses is not at all easy, especially in mathematics, we are confronted with numerous challenges. In fact, most innovative teaching approaches documented so far have been developed by individuals or by small teams of instructors. These experiences are rarely generalized outside the institution or even maintained over time. Thus, we cannot refer to the specific courses with e-learning programs, but some of the online mathematics courses(for example, from https://www.coursera.org/ ), generalization and sustainability of innovative approaches are issues that need to be investigated and promoted by researchers and supervisors of students.






