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Abstract

In order to improve the current state of Information Technology education and the IT industry in Russia, the Republic of Tatarstan, with support from the Russian Federation, is developing a new university in Kazan dedicated to this area. Innopolis University will be located in a new technology city, Innopolis, and will provide top quality graduates, research results, and continuing education to the IT companies both in that city and beyond throughout Russia. Academic programs at both undergraduate and graduate levels are being developed in collaboration with Carnegie Mellon University in the United States.
Introduction

In December 2010 the President of the Republic of Tatarstan, Rustam Minnikhanov, and the Minister of Information Technologies and Communication of the Russian Federation, Nikolay Nikiforov, announced a strategic plan for the creation of Innopolis Kazan. This new city in the geographical center of the Russian Federation is intended to increase the role of Information Technology in the Russian GDP. The new city will attract the best IT people to live there and to create new IT products and services. The master plan for the city is being developed by RSP Architects Planners & Engineers of Singapore.
Innopolis Kazan will provide an attractive place for living and working in comfort for a planned 2021 population of 155,000 people, of whom 60,000 will be IT people. Construction was started on June 9th, 2012, with the symbolic foundation stone ceremony of the main techno-park building being laid by Russia’s Prime Minister Dmitry Medvedev.

A key part of the development is the startup of Innopolis University, an innovative institution focused on Information Technology education and research. Innopolis University is being developed in partnership with Carnegie-Mellon University and its subsidiary, iCarnegie Global Learning, in the United States of America. The first stage of construction of the US$ 150-million campus has begun – to accommodate 2000 students in a 70,000 square meter facility(including dorms and sport facilities).
Innopolis University will initially have four undergraduate programs: Database Engineering, Graphics and Game Development, Information Security Systems, and 
Computer Science. These four programs are being developed with the assistance of Carnegie-Mellon University, and will be fully offered on the Kazan campus of Innopolis University when it opens in Innopolis Kazan in September 2015. 

Kazan University will also initially offer one master’s degree program in Software Engineering, with a dual degree being awarded by Innopolis University and by Carnegie-Mellon University. An initial class of 15 master’s degree students will study on the Carnegie-Mellon-University campus in Pittsburgh during the 2013-14 academic year, after which the program will be transferred gradually for full operation in Kazan. Additional master’s degree programs will follow.

The location of Innopolis University in Innopolis Kazan will create a magnet for IT companies wanting to benefit from the flow of graduates at both undergraduate and graduate levels, and from the flow of research results that will lead to new products and services. It is expected that both Russian and international IT companies will locate operations in Innopolis Kazan to take advantage of the synergy of a major university focused on Information Technology.

In addition to its major education and research programs, Innopolis University is creating two unique initiatives in partnership with Carnegie-Mellon University. A middle school/high school program will introduce Russian students to the excitement of the IT field through an innovative robotics program –delivered by teachers trained by the two universities. And a training program on the improvement of higher education teaching through the focus on pedagogy and the science of learning will be implemented for the new faculty members of Innopolis University, and offered to faculty members at other Russian universities.
Background
With its strategic Concept 2020 plan [1], the government of Russia has committed to more than doubling annual productivity growth, with technology playing a major role in achieving this goal. In parallel, the Republic of Tatarstan is looking to double the Information and Communication Technology (ICT) sector’s contribution to its own GDP from 3.5 percent to 7 percent. To support both goals, a new satellite city is being built outside of Kazan, accompanied by a new world-class institution, Innopolis University. Innopolis University will provide the “human capital” that the IT industry needs to grow by serving as center of excellence for learning, teaching and research. Carnegie Mellon University (CMU) and its subsidiary, iCarnegie Global Learning (iCarnegie), have been invited by the Republic of Tatarstan to help it realize this ambitious plan.

The Concept 2020 plan has identified the strategic role that technology plays in transforming the practices and processes that fuel the growth and development of business, industry and government. As a result, it has targeted the development and support of technology as a key driver of economic innovation and growth.
Specifically, the Federation hopes to:
· Increase the proportion of industrial enterprises implementing technology innovation from 9.5 percent  to 40 percent 

· Increase the proportion of high-tech sectors in GDP from 10.5 percent to 18.6 percent 

· Boost the proportion of innovation products in total manufacturing from 5.6 percent to 10-12 percent
Assessment study
CMU and iCarnegie were asked to conduct an industry and education assessment in the fall of 2012 [2]: to examine the strengths and weaknesses of current educational practices; to identify the skills and competencies that Russian IT graduates will need to productively contribute to current and emerging sectors of the economy; and to understand the larger social and cultural contexts in which its programs will be embedded to ensure their success. iCarnegie assessment data supported the following three general conclusions:
1. Current IT industry growth is inhibited by lack of qualified employees 

2. Existing IT education and training cannot meet industry needs 
3. Improving IT education will require a multi-level, integrated effort
A number of factors such as infrastructure, regulatory environment, enforcement, and business practices were mentioned as inhibiting the growth of the IT industry. However, the most frequently mentioned obstacle to growth was a severe shortage of qualified employees. Most graduates were found to lack key IT skills and competencies. A coordinated integrated effort by government and industry and academia is required to solve the problem. In support of this effort the following recommendations were offered by iCarnegie:
1. Create a pipeline of primary/secondary students who are interested in and well-prepared for careers in IT 

2. Promote teaching excellence with programs specifically designed to support and develop faculty 

3. Design curricula to focus on the application of knowledge and skills, focus on real-world problems, target  important soft skills such as communication and teamwork, and be flexibly adaptive to the needs of  government and industry 

4. Educate junior-level specialists with the knowledge and skills necessary to make immediate contributions 

5. Provide graduate training and professional education for senior-level IT specialists to help companies grow  and develop 

6. Provide executive-level professional training to enable senior leadership to guide companies in expansion,  innovative growth and global development 

7. Establish an integrated ecosystem in which government, industry and academia work collaboratively to  address the complex set of issues and interdependencies that are necessary to build the IT sector 

Russian IT sector today
If Russia is to meet its ambitious 2020 goals for economic innovation and growth through the development and support of technology,it will need to act fast to address impediments to technological development. 
There are a number of factors inhibiting the growth of Russia’s IT industry, including:
· Inadequate technological infrastructure 

· Problematic regulatory environment 

· Weak intellectual property rights laws and lax enforcement 

· Insufficient collaboration between the public and private sectors 

· Reliance on government as principle customer 

· Acute lack of qualified workers. 

Finding qualified workers is a constant challenge for Russian IT companies. 
Dissatisfaction with current IT education was abundantly apparent in interviews with IT company representatives, more than half of whom said they found the quality of education insufficient for industry needs. Educational problems affecting IT growth, as identified in both assessment interviews and broader research, fell into the following areas:
Declining numbers of qualified students: Russia’s overall demographic decline has led to a sharp reduction in the number of students applying to universities. Low student numbers are particularly problematic in IT, which is still not a career path that attracts many students. 
Shortage of qualified faculty: While faculty salaries in Russia have risen somewhat in recent years, they remain low in comparison to industry. As a result, the best college graduates tend to go into industry or take academic jobs abroad.

Deficiencies in curriculum: Interviews pointed out that the current curriculum is:

· Too theoretical, focusing on conceptual knowledge rather than practical skills. Courses equip students towin academic competitions but not to solve real world problems.
· Too narrowly defined, focusing exclusively on technical skills and generally neglecting essential  non-technical skills such as communication, teamwork, client relations, marketing, project/product  management, etc. 

· Focused on producing generalists rather than specialists, leaving it to industry to provide training in  specific skills 

· Set and regulated by government, which moves too slowly to respond effectively to industry needs  
Despite the problems enumerated above, Russia has a number of notable strengths when it comes to IT education. These are strengths that should be leveraged in the creation of new academic programs. They include the following:
· An undisputed history of excellence in math and science. 

· A number of outstanding universities. 

· Innovative collaborations between the IT industry and academia. 
Governmental commitment to educational reform
Since 2005, the Russian government has prioritized educational reform, as evidenced by the creation of flagship federal universities and national research universities, measures to consolidate universities to concentrate talent and resources, adoption of the Bologna Accords, and the creation of Unified State Examinations to ensure more consistent admissions measures. Moreover, government spending on higher education has increased significantly over thepast five years, growing from RUB 61.2 billion in 2003 to RUB 377.8 billion in 2010, and salaries in higher education while still low are beginning to rise.
Academia and industry exist within a complexly interwoven economic, political, and social environment. The success of new educational initiatives in IT will depend on the capacity of government, industry, and academia to work in concert to create an integrated ecosystem that supports the project on multiple levels. 
TheiCarnegie assessment pointed to key issues that will need to be addressed by government, industry, and academia in order for Innopolis to attract IT companies, encourage IT growth and development, hire qualified faculty, attract students, and institute innovative and effective curricula and pedagogies.
Innopolis University approach

Innopolis University will offer a range of undergraduate and graduate degree programs tailored to the needs of the Russian IT industry. The university will also offer non-degree programs that provide skill enhancement training for industry personnel and for graduates of other degree programs that need additional preparation. These programs will provide graduates with a robust education, as well as the ability to think critically and learn independently in a broad host of work and non-work contexts. The curriculum will be distinguished by the following characteristics: 
Practicality: the development of IT curriculum that consistently links theory to practice through the use of real world examples and complex problem solving.
Project-orientation: Within a project-based curriculum, faculty play a different role than in a traditional classroom: coaching, asking questions, and providing just-in-time information as students work together to solve complex problems. Project-based learning provides students with practice solving “wicked” problems and working in teams, which are essential business and interpersonal skills critical for the world of work.
Focus on soft skills: Technical education often gives short shrift to “soft skills” such as leadership and teamwork, interpersonal communication, cross-cultural competence, negotiation and conflict management, relationship building etc. These skills are essential, not peripheral, to the work IT personnel do. Consequently opportunities to practice these skills will be threaded throughout the curriculum so that students emerge with solid skills in these areas.
Flexibility: State-mandated curricula cannot adapt quickly enough to the needs of a fast-paced industry like IT. Thus, it will be important for Innopolis University to have some autonomy in determining its IT curriculum as well as mechanisms to constantly update it.
Curriculum development

The initial academic program being developed at Innopolis University, with students beginning study in the Fall of 2013, is a master’s degree program that will result in dual degrees from Innopolis University and Carnegie Mellon University. The Master of Science in Information Technology – Software Engineering (MSIT-SE) program, as currently offered on the CMU campus in Pittsburgh in the United States, has 15 Innopolis University students enrolled for the 2013-14 academic year. The first cadre of students will study on-site at CMU in Pittsburgh. Over the following three years, the program will be gradually transferred to Innopolis University in Kazan, as faculty members are recruited to offer the CMU designed program in Russia. The newly hired Innopolis University faculty members will be trained on the CMU campus prior to teaching in Kazan. The MSIT-SE program is a professional degree program designed to provide an environment for mastering the discipline of software engineering for professionals.
The Carnegie Mellon MSIT-SE program consists of the following courses [3]:
    17-651 Models of Software Systems

    17-652 Methods: Deciding What to Design

    17-653 Managing Software Development

    17-602 Introduction to Personal Software Process

    17-654 Analysis of Software Artifacts

    17-655 Architectures for Software Systems

    17-677 Practicum of Software Engineering I

    17-678 Practicum for Software Engineering II

    45 units of elective course work
Additional master’s degree programs will be initiated in following periods.

Undergraduate programs will be initiated at Innopolis University in Kazan in September 2015. The academic year will be composed of two 15-weeks semesters, where students will attend lectures, seminars, and labs, interacting with faculty and mentors, and a 4-weeks winter intensive period, where students will have an opportunity to take an intensive classes by invited professor from world leading universities, or classes concentrated on development of innovative and leadership skills, or industry emergence. Another important period is summer, where students from year one will be engaged in internships in Russian and international companies, and research laboratories. 

All internship practicums will be credit-bearing activities. During the senior year students will spend part of their semester training time in companies or research labs, working on real-life projects – this practice will ensure that Innopolis graduates are well prepared for work in industry/academia environment. All students from year one will be able to choose a mentor from industry or academia, who will consult them in making career decisions and choosing relevant education activities.

Flexible design of the curriculum will allow students to choose during the training if they want to focus on preparing to go to work for industry or continue in academia and focus on academic research in IT. In contrast to classical education approaches in Russia, at Innopolis students will be expected to study a lot without direct supervision from faculty. This will develop skills such as independence, self-direction and life-long learning.  

The language of instruction at Innopolis will be English. English language proficiency will be one of the requirements for admission to Innopolis University. Prospective students will be encouraged to improve their language communication skills via receiving specialized grants from Innopolis and/or by attending English language classes offered by STEM programs provided by Innopolis for school children. 

Innopolis will introduce an early admission practice, where prospective students can apply for a place at Innopolis as early as 18 months before graduation from school by submitting their current grades, letter of motivation, recommendations, and English language test results. The conditional offer will be granted and the final acceptance will depend on final state test results. Implementation of the ECTS credit system will allow to integrate smoothly to the European higher-education area and actively participate in exchange programs as well as enroll international students.
Four programs are currently under development, starting with a common core in the first two years:

· Fundamentals of Programming and CS

· Differential and Integral Calculus

· Technical Communication Course for IT

· Physics

· English Language I and II

· Imperative Computation

· Great Theoretical Ideas

· Matrices and Linear Transformations

· Intro to Electrical and Computer Engineering

· Introduction to Computer Systems

· Functional Computation

· Russian History

· Discrete Math

· Parallel and Sequential Processing

· Principles of Software Construction: Objects, Design, and Concurrency

· Differential Equations

· Research Methods for Experimental CS

· Foundations of SW Engineering/Design Human-Centered Software

· Introduction to Gaming/Foundations of Programming Languages

Then four distinct programs will follow the common core, completing four years of study for bachelor’s degrees:

Computer Science

· Probability Course

· Advanced Mathematics

· Physics Elective

· Philosophy

· Organizational Behavior

· Laws of Computer Technology

· Ethical Dilemmas and Policy Issues in Computing

· Operating Systems Design and Implementation

· Web Application Development

· Algorithm Design and Analysis

· Mobile and Pervasive Computing

· Machine Learning (professional applications)

· Computer Networks (software system)

· Distributed Systems

· Parallel Computer Architecture and Programming

+ 5 Electives

Information Security 

· Probability Course

· Advanced Mathematics

· Physics Elective

· Philosophy

· Organizational Behavior

· Laws of Computer Technology

· Ethical Dilemmas and Policy Issues in Computing

· Operating Systems Design and Implementation

· Web Application Development

· Network Security

· Mobile and Pervasive Computing

· Secure Software Systems

· Computer Networks (software systems)

· Distributed Systems

· Cryptography

+ 5 Electives

Database Engineering

· Probability Course

· Advanced Mathematics

· Physics Elective

· Philosophy

· Organizational Behavior

· Laws of Computer Technology

· Ethical Dilemmas and Policy Issues in Computing

· Art/Fine Art Course

· Logic

· Security Software Systems

· Programming Game Engine

· Game Programming

· Mobile Game Programming

· Distributed Systems

· Web Commerce, Security, and Privacy

+ 5 Electives

Graphics and Game Development

· Probability Course

· Advanced Mathematics

· Physics Elective

· Philosophy

· Organizational Behavior

· Laws of Computer Technology

· Ethical Dilemmas and Policy Issues in Computing

· Operating Systems Design and Implementation

· Database Concepts

· Database Applications (professional applications)

· Mobile and Pervasive Computing

· Real-Time Software Systems

· Oracle Database Administration

· Distributed Systems

· Web Commerce, Security, and Privacy

+ 5 Electives

Four additional programs will be added during the following period. 

These academic programs at the bachelor’s and master’s degree level are being designed to meet the critical criteria described above: practicality, project orientation, focus on soft skills, and flexibility.
Conclusions
In response to Russian national needs and priorities, a new Information Technology institution – Innopolis University – is being developed in Kazan, Tatarstan. The university will initially offer bachelor’s degrees in several IT programs, and master’s degrees in computer science. The construction of the campus began in 2012, with completion scheduled for September 2015. Academic programs are starting in September 2013, with a first class of master’s degree candidates pursuing a dual degree program at Innopolis University and Carnegie Mellon University.
References

[1]Russia’s 2020 Strategic Economic Goals and the Role of International Integration;
Andrew C. Kuchins, Amy Beavin, and Anna Bryndza; Center for Strategic and International Studies; Washington DC; July 2008.

[2] Assessment Report, A partnership between the Republic of Tatarstan, Carnegie Mellon University and iCarnegie Global Learning; Gil Taran et al; iCarnegie, Pittsburgh, PA;21 December 2012.

[3]http://mse.isri.cmu.edu/software-engineering/index.html
(Last accessed August 2, 2013)
Biographies of authors

Dimitry Kondratyev is an entrepreneur, scientist and professional educator. In 1997, he formed one of the first career centers in Russia “PhysTech Career.” Dmitry led the center until 2005. In 1999, he formed Unium (www.unium.ru), which has evolved into a network of 22 private pre-university educational centers offering over 100 different courses on 16subjects. Last year Unium employed 500 teachers for 10,000 students from 2,500 different high schools. Over the years, Professor Kondratyev has earned a reputation as a thought leader in education. As Innopolis University’s Operations Director, he will be applying his experience and bringing new approaches and technologies to IT education. Dmitry earned his Ph.D. in Physics from the Moscow Institute of Physics and Technology (MIPT).
Alexander Tormasovis a scientist, educator, and software developer with over 30 years experience in high technology. A full professor atMoscow Institute of Physics andTechnology, he holds the Theoretical and Applied Computer Science Chair. In addition, he serves as Chief Scientist at Parallels, a global leader providing web hosting, cloud services and desktop virtualizationcapabilities. Dr. Tormasov is also involved with Student Centers for Science and Education, where students from leading Russian high tech universities conduct applied scientific research while being mentored by some of industry’s leading software professionals. As Innopolis University’s Rector and Academic Director, he will ensure that students receive an IT education that will enable them to succeed in the global marketplace.

Tanya Stanko is a professional educator and engineering scientist. She has extensive international experience studying and working in top universities in the UK, USA, and Germany. As the Director of Education she brings to Innopolis University best practices in curriculum design, student training, faculty development and university policies arrangements. Dr.Stanko previously served as Manager of Academic Affairs in another start-up University - Skolkovo Institute of Science and Technology, where she collaborated with Massachusetts Institute of Technology. While a research scientist investigating thermo-acoustic instabilities at the Department of Thermodynamics, Technical University of Munich, she served as a department manager of the European Framework Programs. Dr.Stanko received a Ph.D. in computational aeroacoustics from the University of Leeds in the United Kingdom, and Bachelor and Master of Science Degrees in Applied Physics and Mathematics from the Moscow Institute of Physics and Technology (MIPT).
Russel C. Jonesis a private consultant, working through World Expertise LLC to offer services in education and quality assurance in the international arena. Prior to this activity, he had a long career in education: faculty member at MIT, department chair in civil engineering at Ohio State University, dean of engineering at University of Massachusetts, academic vice president at Boston University, President at University of Delaware, Founding President at Masdar Institute of Science and Technology (Abu Dhabi), and Senior Advisor at Khalifa University of Science and Technology (Abu Dhabi). Dr. Jones earned bachelors, masters, and doctoral degrees at Carnegie Institute of Technology.
Gill Taran is former army officer, entrepreneur and educational innovator. Prior to becoming the Chief Executive Officer (CEO) of iCarnegie Global Learning, he was the youngest faculty member ever chosen to teach in Carnegie Mellon University’s Masterof Software Engineering program where he taught for ten years. During this time, Taran also helped manage two companies: GIMETO, a U.S.-based software education training company that taught professionals in developing countries, and Tekama, a Russia-based software engineering education company that led corporate programs for the CIS and Eastern European IT markets. He is an international speaker on issues of educational strategy and innovation, workforce development and early STEM learning. He has published a book by Addison Wesley, titled “Evaluating Project Decisions: Case Studies in Software Engineering”. Taran has a Master of Science in IT Management degree from Carnegie Mellon University.
