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AHHOTANMS MPOTrPaMMBbl Y4eOHOM TUCIMIIJIMHBI

Ha3zBanmne JucnumivMHbl AHAJNA3 JAHHLIX B COIMOJOTHH (IIpenoaaercsd Ha aHTJTHICKOM SI3bIKe)

Hanpasiienue 39.03.01 «CoumoJaorus

Kopn, Ha3Banue

Astopbl nporpammbl  TenumeBa K.A., ktenisheva@hse.ru, lllupokanoBa A.A. ashirokanova@hse.ru

1. KpaTkoe onucanue Kypca

Kypc npezacraBisier co00M aHaM3 JaHHBIX B COLMOJIOTHHU JJIsl mpojoipkaromux (intermediate-
advanced). Ha 3 romy oOy4eHusi CTyJIEeHTOB KypC CTPOUTCS BOKPYT JIBYX TJIaBHBIX Te€M: (PaKTOPHOTO
aHAJIN3a ¥ CTaTHCTHYECKOTO MPE/ICKa3aHus, BKIIOYAIOIIETO JIMHEHHYIO PErPecCHI0 U MOICIHPOBAHIE
CTPYKTYPHBIMHU YpaBHEHUSIMH. Takke 00CYKIaI0TCs TaKHe KIIOYEBBIC /ISl CTATUCTUYECKOTO aHaIn3a
BOIIPOCHI, KaK CO3/IaHHE MHJIEKCOB U ONpE/eIeHNe Kay3aJbHOCTH Ha OCHOBE IOJYYEHHBIX Pe3yJbTa-
ToB. Ha 4 rony o0y4eHus CTyI€HTOB KypcC MOCBSIIEH MHOTOMEPHBIM METOJaM KaTeropualIbHbIX J1aH-
HBIX M BKJIIOYACT KaK CIeIUalbHbIC BHJbI MPEICKA3aTeNbHBIX Mozenel (JIOTIMHEeHHBIH aHamu3, Ou-
HapHas JOTUCTHYECKasi PErpeccusi), TAK U METOJIbI CHIDKEHHUSI Pa3MEPHOCTH MIPOCTPAHCTBA (aHAIU3 CO-
OTBETCTBHI1, MHOTOMEPHOE IIKAIMPOBAHKE) U KiIacCU(UKAIMHU (KJIACTECPHBIN aHAIIU3).

[lenbto Kypca sBiseTCs 00y4YE€HHE CTYJIEHTOB OCO3HAHHOMY HCIOJb30BaHUIO BO3MOXHOCTEH KO-
JINYECTBEHHBIX HCCIENOBaHUN. J[aHHBIM KypC TakXe SBJISETCA OTHPABHOW TOYKOM IS CTYAEHTOB,
HAIEJICHHBIX Ha 0oJiee yriyOJIeHHOEe U3yUYeHHE METO/I0B CTATUCTUKYU WM IIAHUPYIOIINX PUMEHEHHE
KOJMYECTBEHHBIX METOJIOB B COOCTBEHHBIX HCCIICJOBAHMSIX.

2. Ilnan kypca
Benenne. CTaTUCTHUUECKUH BBIBOJ M OCHOBBI PETPECCHOHHOTO aHAIM3a

JInnennas perpeccus
DKCIIOpaTOPHBIN (PaKTOPHBIN aHAIIN3

KondupmaTopHslii pakTopHBII aHATN3

o~ w0 PE

MopenupoBanue CTpYKTYpHBIMHU ypaBHEHUAMU. [IyTeBOi aHan3, MOJIEIN CTPYKTYPHBIX
ypaBHEHUN

o

JlornmMHENHBIN aHANINA3 U JIOTUCTUYECKAs PETPECCUS
MHoromMepHoe NKATUPOBAHUE U aHAIIN3 COOTBETCTBUI

Kitacrepnsliii ananms

3. TpeboBaHUsI K YPOBHIO 3HAHHM CTY/IEHTOB
CTyneHThbl JOKHBI UIMETh 0a30BO€ 3HAHHWE CTATHCTUKU B COLMANIBHBIX HAyKax: BEPOSTHOCTh, Te-
CTUPOBAHUE CTATUCTUYECKUX TMIIOTES, IMHENHAS MOJIENb.

4. IlpennogaBarenu
Tenumena K.A., mpenonaBaresnp genapTaMeHTa COLIMOIOTUN
[IInpokanoBa A.A., IOLIEHT AeNapTaMeHTa COLIMOJIOTUU

5. Tum sk3aMeHa
[Tucemennas padota
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AHTJI0SI3bIYHAS] BEPCHS

1. Outline

This course provides an intermediate-advanced statistical analysis for quantitative research in so-
ciology. In the 3" year of study, the course covers two main topics - factor analysis and statistical pre-
diction, including linear regression and structural equation modeling. We also discuss key issues in
statistical analysis, such as creating indices and identifying causality based on the results of the analy-
sis. The 4™ year of study focuses on multivariate analysis of categorical data. It includes special types
of prediction models (loglinear analysis and logistic regression), techniques of dimension reduction
(correspondence analysis, multidimensional scaling) and classification (cluster analysis).

The course is designed for senior students in sociology. The course covers the building blocks of
quantitative data analysis with the goal of training students to be informed consumers of quantitative
research. This course is also the starting point for students interested in pursuing advanced methods
training or planning to use quantitative methods in their own research. This course is more applied and
comprehensive than the basic statistics course that you might have taken earlier.

2. Syllabus

1. Introduction. Statistical inference. Basics of regression analysis
Linear regression model
Exploratory factor analysis
Confirmatory factor analysis
Structural equation modeling. Path analysis, SEM models
Loglinear analysis and binary logistic regression
Multidimensional scaling and correspondence analysis

8. Cluster analysis
3. Prerequisites

Students are expected to have taken some sort of basic/introductory statistics course for social sci-
ence research or to have at least some experiences and knowledge about basic social statistics, such as
probability, hypothesis testing, and linear regression, while they will revisit those topics in a consider-
able proportion during the course.

No oabkowd

4. Authors
Ksenia Tenisheva, lecturer; Anna Shirokanova, associate professor

5. Examination type
Written assignment
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1. Area of Application and Regulatory References

The program intends to lay the basic foundation of knowledge and determine the content and
forms of educational activities and assessment.
The program is designed for the instructors of the Data Analysis in Sociology course, teaching
assistants, and students of sociology (Bachelor Program 39.03.01 "Sociology").
The program of the Data Analysis course has been developed in accordance with:
e Educational standard of NRU HSE for Bachelor level education. URL:
http://www.hse.ru/standards/standard

e Educational Program “Sociology” for the field of studies 39.03.01 “Sociology”.
e Curriculum of NRU HSE — Saint Petersburg for Bachelor level education, field of study
39.03.01 “Sociology”.

2. Course Goals

The goal of the course is to train students to be informed consumers of quantitative research.
This course is also the starting point for students interested in pursuing more advanced methods train-
ing or those who are planning to use quantitative methods in their own research. This course is more
applied and comprehensive than the basic statistics course that students should have taken earlier.

3. Students’ Competencies to be developed by the Course

As a result of studying the discipline, the student is supposed to be able to:

e Conduct simple statistical analysis in the RStudio environment;

e Deal with basic types of sampling bias;

e Choose appropriate methods for certain types of variables and certain aims of the analysis;

o Give meaningful interpretation of statistical results: regression coefficients, tables, plots and dia-
grams (produced in R);

e Perform data transformations for normality correction and variables’ standardization;

e Graphically represent results of the analysis;

e Create analytical reports describing all the stages of the analysis and interpreting its results.

The competencies developed during the Course can be found in Appendix 1.

4. How the Course Fits in with the Curriculum

The present course is part of professional disciplines, the block of core disciplines. It is an es-
sential element of studies for a comprehensive and in-depth understanding of the majority of profes-
sional disciplines and is crucial for developing research competency.

The “Data Analysis in Sociology” is an obligatory course within the Basic Syllabus for the area
of studies 39.03.01 "Sociology" for the B.A. program at the Higher School of Economics.

The Course is based on the acquisition of the following Courses (at the bachelor level):

e Algebra and analysis

e Probability Theory and Mathematical Statistics

e Applied Software

e Sociological Theory

e Methodology and Methods of Sociological Research
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The Course requires the following students' competencies and knowledge:
e Major social theories

e Basic statistical concepts

e Methods of quantitative social research

The main provisions of the Course should be used for further studies of the following Courses:
e Scientific Research Seminar

5. Course Schedule

This course is worth 6 credits.

In the 3" year, a usual weekly procedure of this course will be a combination of a three-hour
lecture given by the instructor and a one-hour group lab practice, during Modules 2 and 3.

In the 4™ year, each method will be introduced in its basic version (formulas and assumptions)
followed by another lecture on practice-based examples and a two-hour lab seminars. During the
course, students develop three pieces of their own analysis which they present at the end of Module 1.

Total Classroom Activities
Ne Topic Aca; Lec- | Semi- |Comput- Self-
demic Study
tures nars |er Labs
Hours
Year 3
1 | Introduction 4 0 2 - 2
2 | Linear regression: OLS. Diagnostics 14 0 2 2 10
3 | Linear regression: Interaction effects 14 0 2 2 10
4 | Exploratory factor analysis 18 4 2 2 10
5 | Confirmatory factor analysis 20 4 2 4 10
6 | Introduction in SEM 18 4 2 2 10
7 | SEM: model specification 16 2 2 2 10
8 | Path analysis 16 2 2 2 10
9 | SEM with latent variables 16 2 2 2 10
10 | Putting it all together 16 2 2 2 10
Subtotal: 152 20 20 20 92
Year 4
11 | Overview of categorical data analysis 6 2 - - 4
12 | Loglinear analysis 14 2 4 - 8
13 | Binary logistic regression 14 2 4 - 8
14 | Multidimensional scaling 14 2 4 - 8
15 | Correspondence analysis 14 2 4 - 8
16 | Cluster analysis 14 4 2 - 8
Subtotal: 76 14 18 - 44
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6. Forms and Types of Testing

Type of | Form of 3" year of 4" year of Requirements
control | control study study
Modules Modules
112(3|4|1]2|3 |4
Current | Home- X | X X Problem sets will be given once in 1-2
works weeks. Students may work together to dis-

cuss and find solutions, but they must write
their own answers rather than team or group
answers; identical answer sets will be con-
sidered as cheating.

Current | Activity X | X X Students are expected to ask meaningful
questions and participate in the discussions,
as well as helping other students during

practices.
Final Exam X X At the end of the Module students are given
exam (take- written assignment to prove the skills they
home writ- developed during the entire course. Students
ten as- will be given two days (48 hours sharp) to
signment) complete and submit their answers after an

exam is posted at the class website. Students
will be supposed not to discuss or work with
other students.

7. Grading criteria
The evaluation for the 3™ year is based on four criteria: activity, home works, mid-term exam, and fi-
nal exam.
Activity in the class during lectures and seminars. Students are expected to ask meaningful questions
and participate in discussions, as well as help other students during practices. Regular active participa-
tion in the classes is graded as perfect (10); no participation is graded as 0.
Home works. There are three basic features assessed: correct calculations and correct code (syntax);
correct interpretations — students must describe trends properly, assess significance of the results, and
predict values of dependent variable correctly; and produce correct graphics, with proper types of plots
and formatting applied. Home works are graded from 0 (“extremely poor”="fail”) to 10 (“per-
fect”="pass”) each. Proficiency in the English language does not affect the grade.
Final exam is aimed at checking the skills students should have obtained during the course. Its struc-
ture is close to the structure of home assignments, though it covers all the topics studied. Criteria for
the assessment of the exam are the same as for home works: correct calculations, correct interpretation
and correct graphics.
The grades are calculated by the following scheme:
Cumulative score = 0,2*activity + 0,8*mean(home works)
Final grade = 0,8*cumulative score + 0,2*final exam

The evaluation for the 4™ year is based on home works, in-class tests, and final grades earned in previ-
ous years. Each two weeks, one homework is due, which is 10% of the running grade. The homework

7
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is a piece of data analysis using one of the core methods covered in the course (binary logistic regres-
sion, correspondence analysis, and cluster analysis). No works are accepted after the deadline. Every
two weeks there will also be three short in-class tests on interpretation: one covering binary logistic
regression (1% test, 4%), binary logistic regression and correspondence analysis (2™ test, 8%) and cor-
respondence analysis and cluster analysis (3" test, 8%). Half (50%) of the cumulative grade is trans-
ferred from previous classes on data analysis.
Final exam is aimed at checking the skills students should have obtained during the course. Its struc-
ture is close to the structure of home assignments, though it covers all the core methods studied. Crite-
ria for the assessment of the exam are the same as for home works: correct calculations, correct inter-
pretation and correct graphics (detailed instructions are provided during the course).
The grades are calculated by the following scheme:
Cumulative score = 0,2*final grade in sophomore year + 0,3*final grade in junior year +
0,1*homework 1 + 0,1*homework 2 + 0,1*homework 3 + 0,04*test 1 + 0,08*test 2 + 0,08*test 3
Final grade = 0,8*cumulative score + 0,2*final exam

8. The Course Contents

Topics 1-2. Introduction. Linear regression: OLS. Diagnostics

Covariance and correlation, basic concept and logics of linear regression, OLS estimator of linear re-
gression, interpretation and statistic test of OLS estimators, fitted values and residuals, R-squared, ad-
dressing nonlinearity in linear regression framework, standardized coefficients, drawing plots, practice
inR.

Core reading

John Fox and Sanford Weisberg. (2011). An R Companion to Applied Regression, Second Edition,
Sage Publications.

Additional reading

Andrew Gelman and Jennifer Hill. (2007). Data Analysis Using Regression and Multi-
level/Hierarchical Models, Cambridge University Press.

Kurt Taylor Gaubatz (2014). A Survivor's Guide to R: An Introduction for the Uninitiated and the Un-
nerved, 1st edition, Sage.

Pobepr U. Kabakos (2014). R B neiicTBuM. AHaIW3 M BH3yaln3alus AaHHBIX Ha s3bike R, JIMK
IIpecc.

Topic 3. Linear regression: Interaction effects

Main and multiplicative effects in regression models. Interaction effects, additive effects. Interpreting
results. Choosing best model. Practice in R.

Core reading

John Fox and Sanford Weisberg. (2011). An R Companion to Applied Regression, Second Edition,
Sage Publications.

Additional reading

Alan Agresti and Barbara Finlay. (2007). Statistical Methods for the Social Sciences, Fourth Edition,
Pearson Prentice Hall.

Paul Teetor. (2011). R Cookbook (O'Reilly Cookbooks), 1st Edition, O'Reilly Media.

PoGept U. Kabakos (2014). R B nelicTBuK. AHaIU3 U BU3yalnu3aius JaHHBIX Ha s3bike R — JIMK
[Tpecc.



E National Research University - Higher School of Economics

Course “Data Analysis in Sociology (offered in English)”

Bachelor Program 39.03.01 "Sociology"

Topic 4. Exploratory factor analysis
Dimensionality reduction. Manifest and latent variables. Factors, graphical representation of factors.
Exploratory factor analysis. Factor scores, factor space, types of rotation. Optimal number of factors.
Interpretation of the results. Creating indices based on factor analysis. Practice in R.
Core reading
Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage Publications.
Additional reading
C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 5. Confirmatory factor analysis

Difference between exploratory and confirmatory factor analyses. Factor structure. Testing your (or
somebody else’s) scales. Types of latent variables. Constructing factor model in lavaan package. Cal-
culation of degrees of freedom, minimal number of cases. Non-correlated and correlated latent factors.
Interpreting results. Model diagnostics. Cronbach’s alpha. Practice in R.

Core reading

Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage Publications.
Additional reading

T.A. Brown (2015). Confirmatory factor analysis for applied research, Guilford Publications.

Topic 6. Introduction in SEM

Structural equation modeling as extension of confirmatory factor analysis. Exogenous and endogenous
variables. Testing causal assumptions. Partial correlation, heterogeneous correlations (polychoric, tet-
rachoric and polyserial correlations). Practice in R.

Core reading

R. B. Kline (2015). Principles and practice of structural equation modeling, Guilford publications.
Additional reading

C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 7. SEM: model specification and identification

Formulating theory-based causal hypotheses. Causal inference. Specification concepts. Mediation and
moderation effects. Measurement error: correlated and uncorrelated. Practice in R.

Core reading

R. B. Kline (2015). Principles and practice of structural equation modeling, Guilford publications.
Additional reading

C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 8. Path analysis

Concept of “path”. Path analysis: only observed variables. Graphical representation. Identification of
path model. Estimation of structural equation model. Model fit. Degrees of freedom, number of cases.
Meaning of the indices. Corrected chi-square measures. Interpreting the results. Practice in R.

Core reading

R. B. Kline (2015). Principles and practice of structural equation modeling, Guilford publications.
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Additional reading
C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 9. SEM with latent variables

Introducing latent factors in the model. Identification of SEM. Estimation of structural equation model.
Model fit. Meaning of the fit indices. Model modification. Interpreting the results. Practice in R.

Core reading

R. B. Kline (2015). Principles and practice of structural equation modeling, Guilford publications.
Additional reading

C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 10. Putting it all together

Implementing all the methods to the real-life research. Combining factor analysis and regression anal-
ysis. Using SEM to test theoretical assumptions about causality. Advantages and disadvantages of the
methods.

Additional reading

C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban leg-
ends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Topic 11. Overview of Categorical Data Analysis

Models for categorical outcome variables. Variety of goals of analysis with categorical data. Examples
of empirical research for various methods, e.g. loglinear analysis, Poisson regression (count variable),
binary logistic regression, ordinal regression, multinomial regression, correspondence analysis, con-
joint analysis, multidimensional scaling, and cluster analysis. Typical goals of analysis and interpreta-
tion of results.

Core reading

Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition, Pearson
Education Limited.

Additional reading

Alan Agresti (2013). Categorical Data Analysis, 2" edition, John Wiley & Sons, Inc.

Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage Publications.
Klaus Backhaus, Bernd Erichson and Rolf Weiber (2015). Fortgeschrittene Multivariate Analyseme-
thoden. Eine anwendungsorientierte Einfiihrung, 3. Afl., Springer.

3. [lonapuH, A. JIucosckuii, FO. 3enukosa (2013). Mogenu 17151 myacCOHOBCKUX 3aBUCHUMBIX Mepe-
MEHHBIX: MOKHO JIM TPOTHO3UPOBATh PE3YIbTaTUBHOCTH PyTOONBHBIX MaTuel? // Counomnorus: 4M.
Ne36. C. 36-64.

Topic 12. Loglinear Analysis

Contingency tables. Pearson’s chi-square test. The likelihood ratio. Loglinear models. Backward elim-
ination for model building. Assumptions of loglinear analysis. Mosaic plots. Odds ratios. Reporting the
results of loglinear analysis. Procedures in R.

Core reading

Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage Publications.

10
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Additional reading
D. Sharpe (2015). Your chi-square test is statistically significant: Now what?. Practical Assessment,
Research & Evaluation, 20(8). URL.: http://www.pareonline.net/getvn.asp?v=20&n=8
I'. Slctpe6os (2016). CoruanbHas MOOMIBHOCTH B COBETCKOM M IIOCTCOBETCKOM PoccHu: HOBbIE KOJIH-

YECTBEHHBIE OLICHKH 10 MaTepuajiaM MpecTaBuTeNbHbIX onpocoB 1994, 2002, 2006 u 2013 rr.
Yacts Il // Mup Poccun. T. 25. Ne 2. C. 6-36.

Topic 13. Binary Logistic Regression

Logistic regression. Objectives of logistic regression. Logistic curve. Assumptions of logistic regres-
sion. Transforming a probability into odds and logit values. Maximum likelihood estimation. Good-
ness-of-fit measures for logistic regression. Interpretation of results (linear and dichotomous predic-
tors). Stepwise model building. Diagnostics. Procedures in R.

Core reading

Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition, Pearson
Education Limited.

Additional reading

Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage Publications.

B.S. Everitt and T. Hothorn (2017). Logistic Regression and Generalised Linear Models: Blood
Screening, Women’s Role in Society, and Colonic Polyps, in: HSAUR: A Handbook of Statistical
Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_logistic_regression_glm.pdf

Topic 14. Multidimensional Scaling

Dimension reduction as an objective of data analysis. Idea of MDS. Perceptual map. MDS vs. factor
and cluster analyses. Objectives of MDS. MDS algorithms. Decompositional and compositional ap-
proach. The number and selection of objects. Nonmetric vs. metric methods. Similarity data and pref-
erence data. Assumptions of MDS analysis. Selecting dimensionality. Ideal point. Goodness-of-fit
measures. Interpreting MDS results. Procedures in R.

Core reading

Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition, Pearson
Education Limited.

Additional reading

B.S. Everitt and T. Hothorn (2017) Multidimensional Scaling: British Water Voles and Voting in US
Congress , in: HSAUR: A Handbook of Statistical Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_multidimensional_scaling.pdf

Klaus Backhaus, Bernd Erichson and Rolf Weiber (2015). Fortgeschrittene Multivariate Analyseme-
thoden. Eine anwendungsorientierte Einfiihrung, 3. Afl., Springer.

Todd D. Little (ed.) (2013). The Oxford Handbook of Quantitative Methods. Volume 2: Statistical
Analysis, Oxford University Press.

Topic 15. Correspondence Analysis

Objectives of correspondence analysis. Assumptions of correspondence analysis. Perceptual mapping.
Principal components analysis. The row and column problems. Correspondence analysis displays. Cor-
respondence analysis biplots. Multiple correspondence analysis. MCA maps. Measures of fit for MCA.
Interpreting correspondence analysis results. Canonical correspondence analysis. Procedures in R.
Core reading
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Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition, Pearson
Education Limited.
Additional reading
Klaus Backhaus, Bernd Erichson and Rolf Weiber (2015). Fortgeschrittene Multivariate Analyseme-
thoden. Eine anwendungsorientierte Einfiihrung, 3. Afl., Springer.
Jorg Blasius and Michael Greenacre (2006). Correspondence Analysis and Related Methods in Prac-
tices, in: Greenacre, M., & Blasius, J. (Eds.). (2006). Multiple correspondence analysis and related me-
thods. CRC press. P. 3-40.
J.D. Jobson (2012). Applied multivariate data analysis: volume 11: Categorical and Multivariate Me-
thods. Springer Science & Business Media.
Todd D. Little (ed.) (2013). The Oxford Handbook of Quantitative Methods. Volume 2: Statistical
Analysis, Oxford University Press.

M. Hladup (2009). Ananu3 cooTBeTcTBHA: TpeacTaBienue meroaa // Cormonorust: 4M. Ne28. C. 29-
44,

Topic 16. Cluster Analysis

Objectives of cluster analysis (taxonomy description, data simplification, and relationship identifica-
tion). Necessity of conceptual framework. Similarity measures. Proximity matrix. Decision-process in
cluster analysis. Dendrograms. Cluster profiles. Distance measures for various types of variables. As-
sumptions of cluster analysis. Measures of overall fit. Between- and within-cluster variation. Hierar-
chical and non-hierarchical clustering algorithms. Determining the number of clusters. Interpretation
of clusters. Cross-classification from several solutions. Procedures in R.

Core reading

Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition, Pearson
Education Limited.

Additional reading

B.S. Everitt and T. Hothorn (2017). Cluster Analysis: Classifying the Exoplanets, in: HSAUR: A
Handbook of  Statistical Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_cluster_analysis.pdf

Todd D. Little (ed.) (2013). The Oxford Handbook of Quantitative Methods. VVolume 2: Statistical

Analysis, Oxford University Press.

9. Educational Technologies

The course syllabus, reading texts, presentations, practical tasks and home assignments will be
available in the Google group “HSE Data Analysis class” and sent by email or distributed via Dropbox
groups.

9.1. Methodical recommendations for students

Students are recommended to read lots of scientific articles to learn how to apply statistical
methods and, most importantly, describe the results. They are also expected to adopt the knowledge
they got during these classes in their course papers and to discuss with the teaching staff any issues
arising during this process. Start with basic examples and look for the available explanations in videos,
step-by-step layouts, peers, etc. “Build your linear regression models first, then decide whether it is
worth working harder to achieve better results” (Data Science Design Manual, 256).

9.2 Methodical recommendations for instructors

B. Rosenshine Principles of Instruction (2010). URL.:
http://www.ibe.unesco.org/sites/default/files/resources/edu-practices 21 eng.pdf
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10. Diagnostics for Monitoring Students’ Work and Progress
To assess their progress, students will be given home tasks each two weeks. Students are ex-
pected to replicate a research from a given scientific article using the methods discussed during the
classes or to produce their own model following the lecture example. Each home task is based on the
materials from preceding lectures and includes both theoretical questions and practical tasks that ought
to be answered using R.
Example:
e Replicate regression table given in the article. Interpret the results.
o What is the null hypothesis? What is the alternative hypothesis?
o Find the test statistic in the result reported by R. Show how the resulting test statistic
could be computed.
e What is the p-value and what does the p-value mean?
o Should we reject the null hypothesis? Can we conclude that the estimated relationship
between household size and satisfaction would hold true in the population?

In addition to home tasks, in the 3 year students are to pass midterm and final exam. Their
structure is similar to home tasks, though it covers all topics studied:
e Module 2 — for the midterm exam;
e Modules 2 and 3 — for the final exam.

Example of exam questions (students are expected to answer at home):
o Read the article carefully. Identify the measures used in the analysis, find them in the
dataset.
e Were the variables transformed in any way? Prepare the data for analysis
e Replicate the regression table given in the article.
o [Interpret the results. Do your results fit those presented in the article? What might be
the reason of this difference?

11. Information basis for the course
11.1. Core Textbook
Andy Field, Jeremy Miles and Zoe Field (2012). Discovering Statistics Using R, Sage
Publications.
John Fox and Sanford Weisberg. (2011). An R Companion to Applied Regression, Second Edi-
tion, Sage Publications.
Joseph F. Hair et al. (2014). Multivariate Data Analysis, Pearson New International Edition,
Pearson Education Limited.
R. B. Kline (2015). Principles and practice of structural equation modeling, Guilford publica-
tions.
11.2. Internet resources:

Institute for Digital Research and Education Data Analysis Examples :
https://stats.idre.ucla.edu/other/dae/ UCLA

John Verzani, Simple R: Using R for Introductory Statistics. Available at http://cran.r-
project.org/doc/contrib/Verzani-SimpleR.pdf

LAVAAN project (CFA and SEM): http://lavaan.ugent.be/

LOGIT REGRESSION | R DATA ANALYSIS EXAMPLES (2013):
https://stats.idre.ucla.edu/r/dae/logit-regression/
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Multivariate Data Analysis (J. Hair) Companion Website: www.mvstats.com

StatSoft Electronic Statistics Textbook: http://www.statsoft.com/Textbook/
UCLA Stats Lab : http://www.ats.ucla.edu/stat/r

11.3. Supplementary Reading

Alan Agresti (2013). Categorical Data Analysis, 2™ edition, John Wiley & Sons, Inc.

Alan Agresti and Barbara Finlay. (2007). Statistical Methods for the Social Sciences, Fourth Edi-
tion, Pearson Prentice Hall.

Klaus Backhaus, Bernd Erichson and Rolf Weiber (2015). Fortgeschrittene Multivariate Analy-
semethoden. Eine anwendungsorientierte Einfiihrung, 3. Afl., Springer.

Jorg Blasius and Michael Greenacre (2006). Correspondence Analysis and Related Methods in
Practices, in: Greenacre, M., & Blasius, J. (Eds.). (2006). Multiple correspondence analysis and related
methods. CRC press. P. 3-40.

T.A. Brown (2015). Confirmatory factor analysis for applied research, Guilford Publications.

B.S. Everitt and T. Hothorn (2017). Cluster Analysis: Classifying the Exoplanets, in: HSAUR: A
Handbook of  Statistical Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_cluster_analysis.pdf

B.S. Everitt and T. Hothorn (2017). Logistic Regression and Generalised Linear Models: Blood
Screening, Women’s Role in Society, and Colonic Polyps, in: HSAUR: A Handbook of Statistical
Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_logistic_regression_glm.pdf

B.S. Everitt and T. Hothorn (2017) Multidimensional Scaling: British Water Voles and Voting in
US Congress , in: HSAUR: A Handbook of Statistical Analyses Using R (1st Edition): https://cran.r-
project.org/web/packages/HSAUR/vignettes/Ch_multidimensional_scaling.pdf

Kurt Taylor Gaubatz (2014). A Survivor's Guide to R: An Introduction for the Uninitiated and
the Unnerved, 1st edition, Sage.

Andrew Gelman and Jennifer Hill (2007). Data Analysis Using Regression and Multi-
level/Hierarchical Models, Cambridge University Press.

J.D. Jobson (2012). Applied multivariate data analysis: volume Il: Categorical and Multivariate
Methods. Springer Science & Business Media.

C. E. Lance and R.J. Vandenberg (ed.) (2010). Statistical and methodological myths and urban
legends: Doctrine, verity and fable in organizational and social sciences, Routledge.

Todd D. Little (ed.) (2013). The Oxford Handbook of Quantitative Methods. VVolume 2: Statisti-
cal Analysis, Oxford University Press.

D. Sharpe (2015). Your chi-square test is statistically significant: Now what?. Practical Assess-
ment, Research & Evaluation, 20(8). URL.: http://www.pareonline.net/getvn.asp?v=20&n=8

PoGept U. Kabakos (2014). R B nelicTBun. AHaNMU3 ¥ BU3yaau3alus JaHHBIX Ha s3bike R, IMK
[Ipecc.

3. IlonapuH, A. JIucosckuii, YO. 3enukona (2013). Moaenu A myacCCOHOBCKHX 3aBUCHUMBIX I1e-
PEMEHHBIX: MOKHO JIM IPOrHO3UPOBATh PE3yJIbTaTUBHOCTHh PyTOOIBHBIX MaTuei? // Conumonorus: 4M.
Ne36. C. 36-64.

M. Hladup (2009). Ananu3 coorBercTBHii: npencrasienue merona // Coruonorusi: 4M. Ne28.
C. 29-44.

I'. Slctpe6os (2016). ConmanbHas MOOMIBHOCTh B COBETCKOM M TIOCTCOBETCKOW Poccuu: HOBbIE
KOJIMYECTBEHHBIE OLICHKM 10 MaTepHallaM IpeACTaBUTENbHBIX onpocoB 1994, 2002, 2006 n 2013 rr.
Yacrts Il // Mup Poccun. T. 25. Ne 2. C. 6-36.
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11.4. Program packages

1. R: R is a software that is widely used for data analyses among social scientists in these days, it
has been getting popularity increasingly because of its several merits over other stats package tools.
First, it is free and easy to get. You can download a recent version of R on the web (https://www.r-
project.org/). Second, self-teaching materials, manuals or references for solving problems you may
come across are abundant on the web, all free of charge. Third, it is a programming tool, so learning R,
even at a very basic level, might provide an interesting experience of getting over any inner barriers in
mind and finding a programming no scary thing with students who are afraid of programming or
anything like that. Lastly, R will be extremely useful if you are considering to be a more serious re-
searcher.

2. R-Studio: R-Studio is a software proving a more user-friendly environment when you run R. It
is also available free of charge at https://www.rstudio.com.

12. Technical support
Each lecture is supported by Power Point presentations shown by OHP projector. Seminars and

lab sessions are to be held in a fully-equipped computer class with personal computers available to
every student in a group (in cases when there are more students than PCs they are welcome to bring
their own computers).

13. Academic Integrity

Each student in this course is expected to abide by the Higher School of Economics’ Academic
Honesty Policy. For this course, collaboration is allowed for pair and group work during seminar clas-
ses.
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Appendix 1. Competences developed during the Course.

YpoBHU HOpPMHUPOBAHUS KOMIICTCHITHI:
PB - pecypchas 6a3a, B OCHOBHOM T€OPETHUYECKHE U MPEAMETHBIC OCHOBHI (3HAHUS, YMCHHUSA)
CJI - crtocoObl e TeIbHOCTH, COCTaBIIAIONIUE TPAKTUYECKOE AP0 JAHHOW KOMIIETEHIIUH
MII - MOTMBaLIMOHHO-IICHHOCTHAS COCTABJISIOIIAsA, OTPAXKAET CTENEHb OCO3HAHMSI LIEHHOCTH
KOMIIETEHIIMH YEJIOBEKOM M FOTOBHOCTb €€ MCII0JIb30BaTh

B PE3YIbTATC OCBOCHUA AUCHHUILIMHBI CTYACHT OCBAMBACT CICAYIONIUE KOMIICTCHIINH

Komnerenmus Ypo- DOopMBbI U METOJIBI dopma KOHTPOJIS
BEHb o0yuenus, crocod- |  ypoBHS chopMupo-
0 cTByOIIHME POPMHU- | BaHHOCTH KOMIIETEH-
Kon h(qufo HleckpunTopbi ~ pO]ZaHi/IHIO qu))aI;BH— mn
no | posa OCHOBHBIC LIPH™ | koMmeTeHImm
0C Ba. 3HAKH OCBOCHUSI
BII | sust (TIokasaremnu 10-
3 COM- CTHXKEHHS pe-
- 3yJbTaTa)
TCH-
05051
CnocobeH Pabora Ha cemu- | Jlomaniaue 3aqaHus;
chopmynupo- Hapax; BBITOJIHE- JK3aMeH
BaTh T'MIIOTE3bI HUE JIOMAIIHUX
CrocoGen pemats HUCCJICA0BaHMS, 3aJaHIH
npo6eMbl B ipodec- VK- | CII rJIIFLI(;Bi)CuTeHHiII;i_
CUOHAJILHOH NeITENb- 3 MLi CTe;IeHL HoJ1-
HOCTU Ha OCHOBE aHa- BepIKICHHOCTH
JM3a U CUHTE3a HNOTES 1
MIPEIJIOKHUTH
Hay4YHOe 00Bbsic-
HEHHUE
Cnocoben PabGora Ha cemu- | AKTHUBHOCTH Ha ce-
CnocoOeH BecTH uc- ONpENeNUTh IIe- | Hapax; BBINOJIHE- | MHHapax; JoMall-
CJIEI0BATEIBCKYIO JIesI- JIM ¥ 33744 UC- | HHUE JIOMAIIHUX HUE 3aJ]aHUsl; IK3a-
TEIIbHOCTh, BKITFOYAs CJICOBaHUS; B 3aJaHNN MEH
aHanu3 npooOiem, mo- VK- COOTBETCTBHE C
CTAaHOBKY LIEJIEH U 3a- 6 HUMU cHOpMY-
Ja4, BBIJICIICHUE 00h- (CK- CJl | nupoBaTh rumo-
€KTa U MpeaMeTa uc- B7) Te3bI U BEIOpATH
CJIeJTOBaHMSI, BEIOOD TTOIX OIS
croco0a 1 METOI0B METO[I ISl UX
HCCIIEIOBAHUS, a TAKXKe MIPOBEPKHU. Olle-
OIICHKY €T0 KauyecTBa HUTb PE3yJIbTa-
THI aHAJIM3a
CniocoGeH mo- Jlexnuu Ha aH- AKTHBHOCTB Ha ce-
Cnoco6eH ocyIecTB- HUMATh CTaThbH | TJIMWCKOM SI3bIKE; | MHHapax; JoMarl-
JATH IPOU3BOJICTBEH- | y/v- Ha aHTJIMMCKOM | y4YacTHUE B CEMH- | HUE 3aJaHus; dK3a-
HYIO WU TIPUKJIATHYIO 10 Ca SI3BIKE; TIOHH- Hapax; BBIMTOJIHE- MEH
JIeITEIIbHOCTh B MEXK- MaTh JICKIIMM HA | HHUE JIOMAIHUX
JYHApOIHOU cpene AHIJIMIICKOM 3a/laHui (BKIIIO-
SI3BIKE; 00CYXK- gas YTCHHE CTa-
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JIaTh METOMBI U
pe3yJIbTaThl
aHajau3a Ha aH-
TJIMMCKOM SI3BIKE

Tel)

Crnoco0eH UCIoJbh30-
BaTh OCHOBHBIC 3aKOHBI
€CTECTBEHHOHAYYHBIX
JTUCITUILIAH B TIpodec-
CHUOHAJIbHOU JIEATEIb-
HOCTH, TIPUMEHSTH Me-

CnocoOeH BEI-
OpaTh METO,
HEOOXOIUMBIH
JUTSL PEIICHUS
HCCIIEI0BATEIb-
CKHX 3aJ1a4; I10-
CTPOUTH KOP-

Pabora Ha cemu-
Hapax; BBIMOJIHE-
HHE JOMAIITHUX
3aJaHUN

JlomaniHue 3a1aHus;
JK3aMeH

toasl MaTeMarnuecko- | IIK- | Pb, PEKTHYIO MO-
0 aHaJIn3a U MOJEIIU- 5 CJll | nmenmb, oTBEUalo-
pOBaHUs1, TEOpETUYE- LIYI0 TEXHUYE-
CKOT'O U DKCIICPUMECH- CKHM H COJEp-
TaJbHOI'O UCCIIEI0BA- J)KaTeIbHBIM
HUS MIPU PEIICHUN TpeOOBAHUAM;
PO EeCCHOHATBHBIX WHTEPIIPETHPO-
3aJa4 BaTh pe3yjbTa-
TBI
CaMOCTOSITENb- Pab6ora Ha cemu- | Jlomamninue 3aqaHus;
HOE TIOCTPOCHHUE | Hapax; BBHITOJIHE- DK3aMeH
MOJIeIeH aHaJIN- HUE JTOMAaIIHUX
CrocobeH caMoCTOsI- 32 TAHHBIX -
TeNBbHO (popMynmupo- Cca ’
OLIEHKa Kaue-
BaTh LI€JIH, CTABUTh | [[K-6
' CTBa MOJEIHN U
KOHKPETHBIC 3a/1a41 UK-
YMEHHE BbI-
Hay4YHBIX HCCIEO0Ba- | B5.1. 60ATE TV
HUH B pa3JInYHBIX 00- 1 p yHuiyro
MOJEIb
nactax counonoruu u | HAX
0) o0paboTka pe-
pemats ux ¢ nomompo | (
AIIBHBIX COIIHO-
COBPEMEHHBIX UCCIIE-
JIOTHYECKHUX
JIOBATEILCKUX METOIOB
JAHHBIX C TIPH-
MEHEHHUEM
RStudio
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