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1. Teachers

Author, lecturer: Joseph MacInnes, 

Faculty of Social Sciences, Department of Psychology
Teaching assistant: NA
2. Scope of Use

The present program establishes minimum demands of students’ knowledge and skills, and determines content of the workshop.
The present syllabus is aimed at department teaching the workshop, their teaching assistants, and students of the Master of Science program 030300.68 «Cognitive sciences and technologies: from neuron to cognition».

This syllabus meets the standards required by:
· Educational standards of National Research University Higher School of Economics;

· Educational program «Psychology» of Federal Master’s Degree Program 030300.68, 2014;

· University curriculum of the Master’s program in psychology (030300.68) for 2014.

3. Summary

The goal of Psychology as a science is to develop and test accurate theories of the human mind/brain and has over the years established robust theories of cognition, memory, decision making, vision and attention, among others.  Verbal theories, however, have two limitations:  The language used to describe the theory can be imprecise, and the complexity of these theories continues to grow more difficult to capture as our understanding of the brain improves.  The computational modelling approach to psychology is about providing a mathematical formalism of today’s best theories and forces a scientist to be precise in their description of psychological concepts.  Models also allow psychologists to describe the brain as a complex system in ways similar to other fields like meteorology, physics economics. Finally, Models allow psychologists to connect to experiment data by statistically testing the predictions of the model against observed results in psychology and neuroscience.  Models add a much needed component to the cycle of science: Theories describe our best understanding of the brain’s function; Models instantiate these theories and make predictions; experiments are designed which test these predictions; and results from these experiments are used to improve our theories and models.
This class will be presented in three parts.  The first section will focus on how models are used in psychology and how they differ from traditional statistical tests. The second section will present some of the most popular algorithms and architectures used in computational modeling today.  The third section will focus on the computational modeling literature and examine the best models in various areas of psychology in recent years.    
4. Learning Objectives

Learning objectives of the computational modelling course is to provide students the basic tools to 

1. Understand the role of computational modelling in psychology and neuroscience

2. Read and understand the terminology used in published computational models

3. Receive hands on knowledge of a handful of algorithms used in the most popular models (Bayesian networks, and neural networks, for example)

4. To develop and test a model in an area of psychology of their choosing 

5. Learning outcomes

After completing the course the student should: 

· Know how models impact the current state of research in psychology.

· Understand how computational models are created and tested, and how they contribute to the scientific process. 

· Understand the basic workings of key algorithms such as first order logic, neural networks, Bayesian networks, hidden Markov models. 

After completing the study of the discipline «Digital signal processing» the student should have the following competences:
	Competence 
	Code
	Code (UC)
	Descriptors (indicators of achievement of the result)
	Educative forms and methods aimed at generation and development of the competence

	The ability to reflect on the methods of activity studied.
	СК-1
	СК-М1
	The student is able to reflect on the methods of activity studied based on cognitive neuroscience approaches.
	Seminars



	The ability to propose a model to invent and test methods and tools of professional activity.
	СК-2
	СК-M2
	The student is able to propose a model to invent and test methods and tools of cognitive neuroscience.
	

	The ability to independently become acquainted with new research methods, to change scientific profile of activity.
	СК-3
	СК-М 3
	The student is able to independently become acquainted with new methods of cognitive neuroscience.
	Tutorials, presentations.

	The ability to analyze, verify and assess the completeness of information during professional activity and work under ambiguity. 
	СК-6
	СК-М 6
	The student is able to analyze, verify and assess the completeness of information to solve cognitive neuroscience problems.
	Tutorials, presentations, tests.

	The ability to conduct professional (including research) activity in international environment.
	SC-8
	SC-M8
	The student is able to conduct professional (including research) activity in international environment regarding main concepts of cognitive neuroscience.
	Lectures, group discussions, colloquium, projects in mini-groups, discussions of essays.

	Capability to organize independent scientific, research, consulting and applied activity on the basis of juridical and professional standards and duties.
	PC-1
	ИК-М1.2п/н/и/к/пр_6.1
	The student is able to organize independent scientific, research, consulting and applied activity on the basis of cognitive neuroscience approach.
	

	The ability to use modern IT technologies for search and processing of information, work with professional databases and net communication.
	PC-4
	ИК-М4.1_4.3_4.4
	The student is able to use modern IT technologies for search and processing of information, work with professional databases and net communication to solve cognitive neuroscience problems.
	

	The ability to describe the problems and situations of the professional activity using the language and the apparatus of the humanitarian, economical and social sciences for solving problems at the intersection of scientific fields, in related professional fields.
	ПК-5
	ИК-М5.3_5.4_5.6_2.4.1
	The student is able to use the language and terminology of cognitive neuroscience for solving problems at the intersection of scientific fields, in related professional fields.
	Seminars, tests.



Prerequisites
The course combines knowledge of mathematics, computing and psychology.
The following knowledge and competence are needed to study the discipline:

· A good command of the English language.

· A basic knowledge of statistics, and linear algebra.
· A good grounding in cognitive and experimental psychology 
6. Schedule  
	One pair consists of 2 academic hours for lecture or 2 academic hours of practical session 
(seminar) Please, see the Course description section for assignment of lectures.
№
	Topic
	Total hours
	Contact hours
	Self-study

	
	
	
	Lectures
	Seminars
	Lab
	

	1. 
	The role of models in psychology
	4
	0
	2
	0
	3

	2. 
	Testing computational models
	4
	0
	4
	0
	3

	3. 
	Methods and implementation of diffusion  models
	6
	0
	2
	6
	3

	4. 
	Methods and implementation Bayesian models
	6
	0
	2
	6
	3

	5. 
	Methods and implementation of neural net models
	6
	0
	2
	6
	4

	6. 
	Methods and implementation of temporal models
	4
	0
	2
	0
	4

	7. 
	Current literature: models of memory
	4
	0
	2
	0
	4

	8. 
	Current literature: models of decision making
	4
	0
	2
	0
	4

	9. 
	Current literature: models of attention and vision
	4
	0
	2
	0
	4

	10. 
	Current literature: models of consciousness
	4
	0
	2
	0
	4

	11. 
	Total
	76
	0
	  22
	18
	36


8.  Requirements and Grading
Class deliverable will include homework assignments throughout the class, a midterm test and a final project.  The homework assignments will include summaries of relevant literature as well as small practical assignments using computational techniques.  The final project will be a small computational model of the student's choosing and may use data sets from the students other course work.

	Type of grading
	Type of work
	Characteristics

	
	
	#
	

	
	Readings (HW)
	
	Literature readings are required, but not graded

	
	In class assignments
	3
	Written proposal of project in area chosen by the student

	
	Final project implementation 
	1
	Final project, implementation and presentation


Final course mark is obtained from the following formula:
Gfinal = 0,3*G homework+0,3*Gtest +0,4*Gfinal_project  .
10. Course Description

The following list describes main topics in the order as they will be presented. Lecture numbers are given in square brackets 
 1  The role of models in psychology[1,2]

 1.1  What is a model?

 1.2  Models in science

 1.3  Models vs verbal theories

 1.4  How is a model different from a statistical analysis?

 1.5  Modelling the data vs modelling a theory
 2  Testing computational models[3,4,5]

 2.1  Testing statistical models

 2.2  Can a model be proven correct?

 2.3  Can a model be proven incorrect?

 2.4  Are some models better than others
 3  Methods and implementation of symbolic models[6,7]

 3.1  Symbolic architectures

 3.2  Process models

 3.3  Tools for symbolic models

 3.4  First order logic
 4  Methods and implementation Bayesian models[7-10]

 4.1  Bayesian probability: a review

 4.2   Naive Bayes networks
 4.3  Probability distribution tables

 4.4  Learning network tables

 4.5  Learning network structure

 4.6  Learning algorithms

 4.7  Why are these ‘generative’ models?

 4.8  Are Bayesian networks biologically plausible? 

 4.9  Tools for Bayesian models
 5  Methods and implementation of neural net models[11-15]

 5.1  Hebbian learning

 5.2  Auto-associative networks

 5.3  Back propagation

 5.4  Are neural networks biologically plausible?

 5.5  Tools for neural network models
 6  Methods and implementation of temporal models[16-18]

 6.1  Modelling patterns of time

 6.2  Hidden Markov models

 6.3  Dynamic Bayesian networks

 6.4  Short-Long term memory networks

 6.5  Reinforcement learning

 6.6  Tools for temporal models
 7  Current literature: models of memory[19-22]

 7.1  Seminars and discussions on current literature
 8  Current literature: models of decision making[23-24]

 8.1  Seminars and discussions on current literature
 9  Current literature: models of attention and vision[25-27]

 9.1  Seminars and discussions on current literature
 10  Current literature: models of consciousness[28-30]

 10.1  Seminars and discussions on current literature
 11  Examples and Summary [31,32]
11.  Term Educational Technology
The following educational technologies are used in the study process:
· discussion and analysis of Modelling
· Learning the ‘Genie’ software package for Bayesian networks
· Learning the Neural network toolkit in matlab
12.  Recommendations for workshop  lecturer
Course lecturer is advised to use interactive learning methods, which allow participation of the majority of students, such as slide presentations, combined with writing materials on board, and usage of interdisciplinary papers to present connections between computational modelling and psychology.

The course is intended to be adaptive, but it is normal to differentiate tasks in a group if necessary, and direct fast learners to solve more complicated tasks. 

13. Recommendations for students

The course is interactive. Lectures are combined with classes. Students are invited to ask questions and actively participate in group discussions. There will be special office hours for students, which would like to get more precise understanding of each topic. Teaching assistant will also help you. All tutors are ready to answer your questions online by official e-mails that you can find in the “contacts” section.
14.   Final exam

The final project will be an implemented model based in an area which is chosen by the student.  This flexibility allows the student to learn the skills of modelling in general, but also to gain experience implementing a model in the area of his/her specialty.

15.    Reading and Materials

This course strives to provide students with the cutting edge overview of the most recent and best computational models in psychology.  Readings will be selected from classic models of psychology, but also the most current models for each year. 
 16.     Required Reading

Selected articles : see below
17.    Recommended Reading

Artificial intelligence: a modern approach

Computational modelling in cognition : Lewendowsky
  18.     List of papers for review


Will be provided as the class progresses
19.    Course telemaintenance

All materials of the discipline are posted in informational educational site. Students are provided with links on relevant papers, tests, electronic books, articles, etc.
15. Equipment
The course requires a laptop, projector, and acoustic systems.  Practical sessions require a computer room with 20 terminals and Matlab installed. 
Lecture materials, course structure and the syllabus are prepared by Joseph MacInnes, Ph.D.
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