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Introduction 

A social researcher is expected to interpret statistical information. Even if conducting research is not a part of 

his/her job, he/she may still be expected to understand other people's research reports. The goal of this course is 

to prepare students for these tasks. It gives an introduction to basic statistics showing how statistical concepts 

are used to interpret social issues. 

The textbook incorporates real research examples from international research projects (ESS, ISSP, GSS) and 

from official data collections (e.g. Eurostat). We discuss only descriptive methods, do not touch statistical 

inference. The last two topics cover different systems of statistical indicators and some of the most important 

data sources. By the end of the course students should know the basic tools for analyzing social science data, the 

ways how to interpret the results, as well as the most typical misinterpretations. 

The main reading is Chava Frankfort-Nachmias, „Social Statistics for a Diverse Society‟ (Sage, 1997). 

Additional readings recommended to particular topics are given in the corresponding sections. 

Lectures 1-6 are written by Renáta Németh, while the other six lectures are written by Dávid Simon. The 

textbook was reviewed by Gábor Kende. 
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1. fejezet - Lecture 1 

Topics 

• What is social statistics? Why do we need it? 

• Interpretation pitfall I: Ecological fallacy 

• Interpretation pitfall II: An empirical relationship does not imply causation 

• Interpretation pitfall III: A trend present in a group may be reversed when the group is split into two 

(Simpson‟s paradox) 

• Quantitative and qualitative methods 

1. What is social statistics? Why do we need it? 

Rough definition of science: systematic empirical observation, typologies, comparison, explanation, 

objectivity, revealing facts independent of the observer 

Question to be answered: 

Why does a social scientist need statistics? 

Relevance 

• Everyday relevance: marketing surveys, voting polls, statistical data in newspapers and magazines 

• Professional relevance: as a social researcher, you will be expected to interpret statistical information (even 

if conducting research will not be a part of your job, you may still be expected to understand other people's 

research reports) 

What is statistics? 

Examples for everyday association: per capita GDP, birth rate, etc. 

But “statistics” also refers to a set of procedures used by social scientists. These procedures are used to organize, 

summarize and communicate data, they are used to answer research questions and to test theories. 

In everyday life even an educated person can easily misunderstand basic statistical information. 

Main goal of this course is to help you to recognize and to avoid these pitfalls. 

Some examples: 

2. Interpretation pitfall I: Ecological fallacy 

How do you interpret the diagram? (National Health Survey 2003, Hungarian counties 

 

Ecological fallacy: false inference about characteristics of individuals based solely on aggregate statistics about 

the groups to which those individuals belong. 



 Lecture 1  

 2  
Created by XMLmind XSL-FO Converter. 

(But the following interpretation is valid: „lower level of social participation may contribute to lower level of 

social cohesion that can influence health status through a psychosocial pathway”). 

A similar example about bowling league membership and mortality in the states of the USA in: I. Kawachi 

(1997): Long Live Community: Social Capital As Public Health, The American Prospect, 8/35 

Another example (Thorndike, 1939): The fact that crime is more prevalent in poor areas does not imply that 

poor people themselves commit these crimes. 

3. Interpretation pitfall II: An empirical relationship 
does not imply causation 

(Health status report, 1994, Hungarian Central Statistical Office): 

„smokers see their GP less frequently than non-smokers” 

... and the explanation: 

„for a smoker, who knows that smoking is unhealthy, seeing the GP may be an unpleasant situation.” 

________________________________________ 

What do you think? 

Use the background information below. 

From the survey data: 
 

Gender Average annual frequency of 

seeing the GP 
Frequency of smokers 

Male 4.34 44% 

Female 6.38 27% 

Relationship between smoking and seeing the GP may be spurious. Gender itself may explain this relationship. 

How? 

4. Interpretation pitfall III: Simpson’s paradox 

(Fictive example) 

Does factory X discriminate against Roma job applicants? 
 

New workers in 2005 Factory X Other factories 

Roma workers 108 1530 

Non-roma workers 123 1200 

How to calculate? 

Percentage of Roma workers among new workers: 

in factory X below 50 % ( 108 < 123) 

in the other factories above 50% (1530 > 1200) 
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However, the CEO of factory X gives the detailed data as bellow: 
 

New workers in 2002 with 

secondary education 
Factory X Other factories 

Roma workers 51 1210 

Non-roma workers 23 630 

 

New workers in 2002 without 

secondary education 
Factory X Other factories 

Roma workers 57 320 

Non-Roma workers 100 570 

How can the CEO argue? How does she/he calculate? 

According to the CEO: „at our company among new workers both with and without secondary school, 

percentage of Romas is higher than at the other companies.” 

Percentage of Romas among new workers without secondary education at factory X: 51/(51+23)=69%, 

at the other factories: 1210/(1210+630)=66%; 

while percentage of Romas among new workers with secondary education at factory X: 57/(57+100)=36.3% 

at all other factories: 320/(320+570)=35.9%) 

Why did the picture change after controlling for education? 

The phenomenon is called Simpson‟s paradox. A trend present in a group reversed when the group is split into 

two. A seeming paradox, but it can be explained: 

What is the difference between X and the other factories regarding education of workers? How does general 

educational level of Roma people differ from the education of non-Romas? 

Why does the paradox emerge? Basically for two reasons. Firstly, factory X offers jobs which require higher 

educational level. Secondly, Roma people tend to have lower education level than the general population. 

The aggregation was hiding a confounding variable which is education. 

One may go further, by entering a fourth variable, gender, into the analysis: 
 

New female workers in 2002 with 

secondary education 
Factory X Other factories 

Roma workers 49 250 

Non-Roma workers 19 80 

 

New male workers in 2002 with 

secondary education 
Factory X Other factories 

Roma workers 8 70 
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Non-Roma workers 81 490 

Romas are underrepresented at factory X within workers with secondary education, regarding both genders. 

Percentage of Roma workers, among females: 

Factory X: 49/(49+19)=72% 

Other factories: 250/(250+80)=75% 

Among males: 

Factory X: 8/(8+81)=9%, 

Other factories: 70/(70+490)=12.5%. 

Entering a fourth variable into the analysis (that is, controlling for gender) the picture has changed again. 

Lesson: the relationship between two variables might be hidden by a third variable, only to be revealed when the 

third variable is controlled. 

(The example is from Alan Crowe‟s homepage, where the same tables are presented in another story.) 

The example showed what may happen to the relationship between two variables, when a third variable is 

introduced and subtables are constructed by dividing the first table. Some possible outcomes: 

• The original relationship stays the same in each of the subtables. 

• The original relationship disappears in each of the subtables. 

• The original relationship is maintained in one of the subtables but not in the other. 

• The relationship between two variables might be hidden by a third variable, only to be revealed when the 

third variable is introduced. 

In sociology Paul Lazarsfeld used the above logic for understanding the relationship between two variables by 

controlling for the effect of a third („elaboration model”). 

Lessons from the three interpretation pitfalls 

The examples show both advantages and limitations of social statistics. 

• Result of the analysis depends on which aspects we take into account (see Simpson‟s paradox: education, 

gender). 

• We should enter into the analysis all relevant aspects. 

• There is no statistical method that can help us to choose the relevant aspects (decision about scientifically 

relevant aspect requires practical but not statistical knowledge) 

• Statistical tools do not offer automated solutions, practical knowledge is always needed. 

• Since choice of relevant aspects can not be totally objective, all results can only be interpreted within the 

framework of the particular model; but 

• appropriate statistical tools provide much more effective and correct analysis than ad hoc approaches. 

• Results can be manipulated by selecting aspects according to one‟s own (economic, political etc.) interests. 

• At first sight each of the above fraud interpretations seemed plausible. The goal of this course is to provide a 

routine in avoiding these pitfalls. 

http://www.cawtech.freeserve.co.uk/simpsons.2.html
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Some words about quantitative and qualitative research 

Is social statistics relevant to understand social issues? 

Common reasons against quantitative research: 

• These tools can not help to understand society, they say nothing about intentions/motivations 

• Scope of the data is restricted (questionnaires are too short to be detailed enough) 

• The analytical concepts are constructed by the researcher 

• The observer can not be independent of the phenomenon observed 

Qualitative methods: aimed at data quality rather than data quantity, e.g.: in-depth interview, focus group, 

participant observation, etc. 

• Explicit constructivism (it says roughly that social phenomena are always the result of meaning-making 

activities of groups or individuals). 

• Limitations: problem of generalization potential (can we arrive at a general conclusion about unemployed 

people based on some interviews with unemployed persons?) 

Suggestion for consensus: 

• The two approaches can complement each other (compilation of the a questionnaire can be based on 

qualitative research and vice versa, a qualitative research might involve using textual analysis softwares) 

• Often the research question itself determines which approach to choose (exploration of the motives and 

family background of drug addicts requires obviously qualitative approach) 

(Further reading: Qualitative and Quantitative Research: Conjunctions and Divergences) 

http://www.qualitative-research.net/fqs/fqs-e/inhalt1-01-e.htm
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2. fejezet - Lecture 2 

Topics 

• Role of statistics in social research (continued) 

• Basic concepts in social statistics 

• Variables 

• Levels of measurement 

• Continuous/discrete variables 

• Unit of analysis 

• Dependent/independent variables 

• Does empirical relationship imply causation? (continued) 

• Sample and population: descriptive statistics and statistical inference 

• Frequency distributions 

• Comparing groups: row, column, cell percentages 

• The ISSP 

1. Role of statistics in social research 

The research process: 

 

An example to identify the above steps in a particular research: 

Trust is a key concept in economic sociology 

Mari Sako: Prices, quality and trust (1992). The author examines how British and Japanese companies in the 

electronics industry manage their relationships with buyers and suppliers. 

She identifies two distinct types: 

• ACR (arms-length contractual relation: formal, based on contracts) in Britain, 

• OCR (obligational contractual relation: more informal, based on commitment) in Japan 

Theory (based on background knowledge) 

• Contracts: ACR: detailed clauses, OCR: oral communication, 

• Procedure: ACR: bids › price › contract, OCR: order before price, 

• Communication: ACR: narrow, minimal, OCR: multiple, frequent 



 Lecture 2  

 7  
Created by XMLmind XSL-FO Converter. 

Research question: 

How do the Hungarian companies manage their relationships? 

Hypothesis: 

The type depends on the company‟s size, small and medium-sized enterprises (SMEs) show more OCR-features 

Data collection: 

• Separately among SMEs and large enterprises (according to the hypothesis) 

• Interviews with the management (according to the theory) 

• Questions according to the theory and the hypothesis 

Data analysis: 

Frequency of occurrence of the features identified by the theory, taking into account size of the companies 

(according to the hypothesis) 

Testing the hypothesis: 

Are OCR-features significantly more frequent among SMEs? 

Are ACR-features significantly more frequent among large enterprises? 

Conclusion 

The results.. 

1. ... may confirm the hypothesis 

2. ... may deny the hypothesis 

3. ... may further specify the theory (e.g.: companies with mixed OCR-ACR features: OCR in communication, 

ACR in contracts) 

Further research, new hypotheses… 

Research evaluation 

Did the research follow the steps of the general research process? 

Some possible errors: 

• no theory 

• no hypothesis 

• the method of data collection is inadequate for the particular hypothesis 

• the conclusion is not based on the results (ignores inconvenient data) 

Basic concepts in social statistics 

Variables 

A variable is a property of objects that takes on two or more values. 

For example, intercompany relations in the latter example can be of type ACR or OCR, so the variable Type of 

relation has two values. 

A variable is well-defined if 
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• its categories are exhaustive (every object can be classified) and 

• mutually exclusive (every object can be classified into only one category). 

In research practice, these assumptions are sometimes violated. See the (fictive) question below of a research on 

adults: 

What is your current employment situation? 

1. Working now 

2. Looking for work, unemployed 

3. Student 

4. Maternity or sick leave 

5. Permanently disabled 

6. I don’t want to answer 

Are the categories mutually exclusive? 

NO: a person can be classified into both the 3rd and the 4th category. 

Are the categories exhaustive? 

NO: Pensioners can not be classified. 

2. Levels of measurement 

Nominal level of measurement 

„Qualitative” variables. 

For technical reasons, numbers are often assigned to the categories (Variable gender, 1: male, 2: female) 

The assigned numbers are arbitrary; they do not imply anything about the quantitative difference between the 

categories. 

Further examples: party affiliation, religion, ethnicity. 

Ordinal level of measurement 

The categories are ranked, and numbers are often assigned to the categories according to that rank. However, the 

distance between any two of those numbers does not have a precise numerical meaning. 

Example: social class 

1: working class, 2: middle class, 3: upper class. 

Upper class position is higher than working class position, but it is not three times higher. 

Another example: type of settlement. 

1: farm, 2: village, 3: town, 4: capital. 

The mean (or average) cannot be defined. 

Interval-ratio level of measurement (or “high” level of measurement) 

Examples: age, income, IQ score, temperature. 
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The distance between any two numbers does have a numerical meaning. 

Hence the mean can be defined. 

Division cannot be defined. 

Examples: 

the water of 400C is not twice as warm as the water of 200C 

a person with 200 IQ scores is not twice as intelligent as a person with 100 IQ 

In some discussions of levels of measurement a distinction is made between interval-ratio variables that have a 

natural zero point (“interval level”: temperature, IQ score) and those variables that have zero as an arbitrary 

point (“ratio level”: income, age). With ratio level variables we can compare values in terms of how much larger 

one is compared with another, hence division can be defined. 

Usual terminology: Nominal level is the lowest level of measurement, while interval level is the highest. 

IMPORTANT to note: 

As we have seen, there are mathematical/statistical operators that can be used only for some of the levels of 

measurement. An operator applicable for a particular level is applicable for all higher levels as well. 

The same concept can be measured on different levels of measurement depending on the aspect of the concept 

we are interested in. 

Nominal 

Categories: Private vs. state secondary schoolInterpretation: attended different schools 

Ordinal 

Categories: secondary school vs. university degree 

Interpretation: received higher level of education 

Interval 

Categories: 8 vs. 16 school grades completed 

Interpretation: spent twice as much time attending school 

In some cases it is not straightforward whether the variable is measured on ordinal or nominal level. For 

example: type of settlement (village/town/capital). Level of measurement here depends on the research context. 

Continuous and discrete variables 

Discrete variables have a minimum-sized unit of measurement. E.g.: number of patients per GP, unit: one 

(patient) 

Continuous variables do not have a minimum-sized unit of measurement; they can take any value (within a 

range). E.g.: rate of women within active earners (0%-100%). 

This attribute of variables affects which statistical operations can be applied to them. However, in practice, some 

discrete variables with many values are treated as continuous. E.g.: monthly income. 

3. Unit of analysis 

Unit of analysis is the level of social life on which the analysis focuses (individuals, countries, companies etc.). 

Example: 
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• comparing children in two classrooms on test scores – unit of analysis is the individual child 

• comparing the two classes on classroom climate – unit of analysis is the group (the classroom). 

The example of ecological fallacy (see Page 8) shows how important it is to choose the appropriate unit of 

analysis. Behind the fallacy is the error of using data generated from groups (counties) as the unit of analysis 

and attempting to draw conclusions about individuals. 

Dependent and independent variables 

A previous example (see Section Role of statistics in social research) of a research in intercompany relations: 

company size affects type of intercompany relations according to our hypothesis 

In this context type of relations is called the dependent, while company size is called the independent variable. 

The particular research question determines the role of the variables. Type of relations in another research can 

be the independent variable (“Does type of intercompany relations affect business results?”) 

Dependent variable: what we want to explain 

Independent variable: what is expected to account for the dependent variable 

Does the empirical relationship imply causation? 

An empirical relationship between two variables does not automatically imply that one causes the other (see the 

example about smoking and seeing the GP on Page 12). 

Two variables are causally related if 

1. the cause precedes the effect in time (in some cases not clear: political preference/antisemitism, 

education/self-esteem), and 

• there is an empirical relationship between the cause and the effect, and 

• this relationship cannot be explained by other factors (see Page 12: seeing the GP and smoking may be 

explained by gender) 

Proof of causation is more problematic in the social sciences than in the natural sciences. 

Suggested terminology: dependent/independent variables instead of cause/effect. 

Example 

Debate on drug policy: punishment or prevention/rehabilitation? 

Suppose a stricter punishment against drug users is introduced in a country. After two years a significant 

decrease is shown in the statistics on drug use. 

Did the change in drug policy reduce drug use? 

Sample and population 

A population is the total set of objects (individuals, groups, etc.) which the research question concerns. 

Usually it is not possible to study the whole population (due to limitations in time and resources). Instead, we 

select a subset (a sample) from the population and generalize the results to the entire population. 

Descriptive statistics and inferential statistics 

Descriptive statistics: organizes, summarizes and describes data on the sample or on the population 

Statistical inference: inferences about the whole population from observations of a sample 
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Important question: Is an attribute of a sample an accurate estimate for a population attribute? 

Example: party preference surveys. 

The tools of statistical inference help determine the accuracy of the sample estimates. 

The present course covers methods of descriptive statistics. Statistical inference will be discussed in later 

courses. 

Important to make distinction in the wording as well: 

„X % of the interviewees”: we describe data on the sample. 

„From our last two surveys, we can conclude that support for party A has increased”: statistical inference (esp. if 

two distinct samples were drawn). 

Frequency distributions 

Data collection › 1.500 questionnaires filled › Summary statistics 

A frequency distribution is a table that presents the number of observations that fall into each category of the 

variable. 

International Social Survey Programme (ISSP) 2006, Role of government. 

“Do you think it should or should not be the government‟s responsibility to reduce income differences between 

the rich and the poor?” 
 

 
Hungary 

Definitely should be 490 

Probably should be 352 

Probably should not be 119 

Definitely should not be 23 

Total 984 

The table shows the frequency distribution of the variable. Interpret the table. 

(In parenthesis: What do you think, did the sample consist of exactly 984 persons?) 

Interpretation is often easier using percentage distribution: 
 

 
Hungary 

 

Definitely should be 490 49.8% 

Probably should be 352 35.8% 

Probably should not be 119 12.1% 

Definitely should not be 23 2.3% 

Total 984 100.0% 
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How to obtain percentage distribution from a frequency distribution? 

Interpret the table: What percentage of the sample thinks the government is responsible to some extent? 

Comparing groups: row, column and cell percentages 

The table below shows frequency distributions for two other ISSP countries. 

Interpret the data. 
 

 
Hungary Sweden USA 

Definitely should be 490 419 423 

Probably should be 352 343 349 

Probably should not be 119 253 394 

Definitely should not be 23 110 311 

Total 984 1125 1477 

Which country has the lowest number of persons who choose the answer „Probably should be”? Is this 

comparison meaningful? 

NO, because of the differences in the sample sizes of the three countries. 

How could we make a valid comparison? 

To make a valid comparison we have to compare the column percentages: 
 

 
Hungary Sweden USA 

Definitely should be 490 419 423 

49.8% 37.2% 28.6%  

Probably should be 352 343 349 

35.8% 30.5% 23.6%  

Probably should not be 119 253 394 

12.1% 22.5% 26.7%  

Definitely should not be 23 110 311 

2.3% 9.8% 21.1%  

Total 984 1125 1477 

100.0% 100.0% 100.0%  

Interpret the data. Are your findings in accordance with your background knowledge? 

Remark: Comparative cross-national researches always met with the problem of translation. 
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Based on our background knowledge, what kind of hypotheses can we make that could explain the cross-

country differences? 

1. USA vs. Hungary: public support for the redistributive role of the state is stronger in post-socialist countries 

2. Sweden vs. USA: State has a stronger role in Scandinavian than in liberal welfare regimes. 

How to test the hypotheses? 

We should add further countries to the analysis 

1. Other post-socialist countries, 

2. liberal and Scandinavian welfare regimes. 

The table below presents ISSP data on other post-socialist countries. Do the data support our first hypothesis? 
 

 
Croatia Czech 

Republic 
Hungary Latvia Poland Russia Slovenia 

Definitely 

should be 
55.5% 21.7% 49.8% 38.9% 54.1% 53.1% 54.2% 

Probably 

should be 
29.1% 32.9% 35.8% 44.4% 33.6% 33.1% 36.6% 

Probably 

should not 

be 

9.8% 28.6% 12.1% 13.3% 9.0% 11.1% 7.9% 

Definitely 

should not 

be 

5.6% 16.8% 2.3% 3.5% 3.3% 2.7% 1.3% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

One might compute row percentages instead of column percentages. 

How to interpret the table below? Are row percentages meaningful in this case? 
 

 
Hungary Sweden USA Total 

Definitely should be 36.8% 31.5% 31.8% 100% 

Probably should be 33.7% 32.9% 33.4% 100% 

Probably should 

not be 
15.5% 33.0% 51.4% 100% 

Definitely should 

not be 
5.2% 24.8% 70.0% 100% 

Total 27.4% 31.4% 41.2% 100% 

Note that if row and column variables are exchanged, then comparing row percentages becomes meaningful: 
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Definitely should 

be 
Probably should 

be 
Probably 

should not be 
Definitely should 

not be 
Total 

Hungary 49.8% 35.8% 12.1% 2.3% 100.0% 

Sweden 37.2% 30.5% 22.5% 9.8% 100.0% 

USA 28.6% 23.6% 26.7% 21.1% 100.0% 

Help: it is easy to decide whether row or column percentages are presented in a table: within-row / within-

column percentages sum up to 100, respectively. 

Another way of table construction is computing cell percentages (also called absolute percentages). The table 

below presents ISSP 2006 data on Hungary. Interpret the table. 
 

 
Attitude to law 

  

Gov. resp.: reduce 

income differences 
Obey the law without 

exception 
Follow conscience on 

occasions 
Total 

Definitely should be 27.6% 22.3% 49.9% 

Probably should be 24.0% 11.4% 35.3% 

Probably should not be 6.8% 5.5% 12.2% 

Definitely should not be 1.7% 0.8% 2.5% 

Total 60.0% 40.0% 100.0% 

What percentage of respondents obeys the law without exception? And what percentage of the respondents 

obeys the law without exception AND think that government definitely should reduce income differences? 

The ISSP 

The International Social Survey Programme (ISSP) is a continuing annual program of cross-national 

collaboration on surveys covering topics important for social science research. It was launched in 1983; in 2011 

it had 47 member countries. It offers the opportunity to cross-national (e.g. new vs. old EU member states) 

comparisons, and, since some important topics are repeated, cross-time comparisons (e.g. socialist countries 

before and after the transition). The annual topics concentrate on highly relevant issues: 

1985 Role of Government I 

1986 Social Networks 

1987 Social Inequality 

1988 Family and Changing Gender Roles I 

1989 Work Orientations I 

1990 Role of Government II 

1991 Religion I 

1992 Social Inequality II 
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1993 Environment I 

1994 Family and Changing Gender Roles II 

1995 National Identity I 

1996 Role of Government III 

1997 Work Orientations II 

1998 Religion II 

1999 Social Inequality III 

2000 Environment II 

2001 Social Relations and Support Systems 

2002 Family and Changing Gender Roles III 

2003 National Identity II 

2004 Citizenship 

2005 Work Orientations III 

2006 Role of Government IV 

2007 Leisure Time and Sports 

2008 Religion III 

2009 Social Inequality IV 

2010 Environment III 

2011 Health 

ISSP data will be often used as examples during the course. 
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3. fejezet - Lecture 3 

Topics 

• Frequency distributions for interval-ratio variables 

• Cumulative distribution 

• Rates 

1. Frequency distributions for interval-ratio variables 

A frequency distribution for nominal and ordinal level variables is simple to construct. List the categories and 

count the number of observations that fall into each category. 

Example: marital status of the respondent (nominal) 
 

 
Frequency Percentage 

Married 559 55.9 

Widowed 164 16.4 

Divorced 110 11.0 

Unmarried partners 24 2.4 

Single 143 14.3 

Total 1000 100.0 

 How close do you feel to your town/city? (ordinal) 
 

 
Frequency Percentage 

Very close 587 58.7 

Close 250 25.0 

Not very close 102 10.2 

Not close at all 60 6.0 

Total 999 100 

Interval-ratio variables have usually a wide range of values, which makes simple frequency distributions very 

difficult to read. 

Example: age of respondent 
 

Age Frequency Percentage 

18 13 1.3 
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19 13 1.3 

20 17 1.7 

21 12 1.2 

22 11 1.1 

23 13 1.3 

24 17 1.7 

25 8 .8 

26 31 3.1 

27 13 1.3 

28 16 1.6 

29 15 1.5 

30 15 1.5 

31 14 1.4 

32 19 1.9 

33 15 1.5 

34 19 1.9 

35 20 2.0 

36 15 1.5 

37 21 2.1 

38 14 1.4 

39 22 2.2 

40 20 2.0 

41 28 2.8 

42 27 2.7 

43 16 1.6 

44 19 1.9 

45 23 2.3 
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46 23 2.3 

47 16 1.6 

48 20 2.0 

49 17 1.7 

50 13 1.3 

51 22 2.2 

52 13 1.3 

53 14 1.4 

54 17 1.7 

55 16 1.6 

56 17 1.7 

57 17 1.7 

58 15 1.5 

59 7 .7 

60 14 1.4 

61 16 1.6 

62 21 2.1 

63 17 1.7 

64 14 1.4 

65 12 1.2 

66 17 1.7 

67 16 1.6 

68 10 1.0 

69 18 1.8 

70 17 1.7 

71 12 1.2 

72 12 1.2 
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73 14 1.4 

74 9 .9 

75 7 .7 

76 8 .8 

77 2 .2 

78 10 1.0 

79 7 .7 

80 4 .4 

81 5 .5 

82 4 .4 

83 6 .6 

84 2 .2 

85 2 .2 

86 2 .2 

87 4 .4 

88 4 .4 

89 1 .1 

Total 1000 100.0 

  

For more easy reading, the large number of different values could be reduced into a smaller number of groups 

(classes), each containing a range of values. 

How to construct classes? 

Two possible methods: 

1. On theoretical base: class intervals depend on what makes sense in terms of the purpose of the research 

(e.g. age groups may be defined according to legal/economic/social age boundaries; child: 0–18, adult: 19–61, 

elderly: 62–) 

2. Mathematical methods: 

a) equal intervals (e.g. decades) 
 

 
Frequency Percentage 



 Lecture 3  

 20  
Created by XMLmind XSL-FO Converter. 

-19 26 2.6 

20-29 153 15.3 

30-39 174 17.4 

40-49 209 20.9 

50-59 151 15.1 

60-69 155 15.5 

70+ 132 13.2 

Total 1000 100.0 

b) equal class sizes (quantiles) 
 

 
Frequency Percentage 

18-31 208 20.8 

32-41 193 19.3 

42-52 209 20.9 

53-65 197 19.7 

66+ 193 19.3 

Total 1000 100.0 

Terminology: quintiles (devided into 5), “the first (or lowest) quintile is 31” etc. 

Quantiles can be computed with the help of the cumulative distribution. 

Cumulative distribution 

A cumulative frequency (percentage) distribution shows the frequencies (percentages) at or below each 

category of the variable. 

For which levels of measurement is this meaningful? 

Example (ISSP 2006): 

„Do you think it should or should not be the government‟s responsibility to provide a job for everyone who 

wants one?” 
 

 
Frequency Cumulative 

frequency 
Percentage Cumulative 

percentage 

Definitely should be 516 516 51.7 51.7 

Probably should be 389 905 38.9 90.6 
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Probably should 

not be 
84 989 8.4 99.0 

Definitely should 

not be 
10 999 1.0 100.0 

Total 999 
 

100.0 
 

  

It is easy to see… 

 - what percentage of the respondents think the government is responsible to some extent 

(90.6 %), 

- what percentage of the respondents do not think that the government definitely should not be responsible 

(99.0 %). 

Back to the quantiles. 

Quantiles can be easily computed using the cumulative percentage distribution. For example 20% of the 

observations are at or below the first quintile. 

In some cases it is not obvious which threshold to choose as a quantile, see the cumulative distribution of age 

below. What is the first quintile here? 30 or 31? 

Rule of thumb: choose the lowest category that has a cumulative percentage greater than 20%. 

Following the rule, let choose 31 as the first quintile here. 

There are more sophisticated alternative methods for selecting quantiles in such an ambiguous case, see for 

example Frankfort-Nachmias (1997). 

Which values are the second, third and fourth quintiles? 
 

Age Frequency Percentage Cumulative percentage 

18 13 1.3 1.3 

19 13 1.3 2.6 

20 17 1.7 4.3 

21 12 1.2 5.5 

22 11 1.1 6.6 

23 13 1.3 7.9 

24 17 1.7 9.6 

25 8 .8 10.4 

26 31 3.1 13.5 
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27 13 1.3 14.8 

28 16 1.6 16.4 

29 15 1.5 17.9 

30 15 1.5 19.4 

31 14 1.4 20.8 

32 19 1.9 22.7 

33 15 1.5 24.2 

34 19 1.9 26.1 

35 20 2.0 28.1 

36 15 1.5 29.6 

37 21 2.1 31.7 

38 14 1.4 33.1 

39 22 2.2 35.3 

40 20 2.0 37.3 

41 28 2.8 40.1 

42 27 2.7 42.8 

43 16 1.6 44.4 

44 19 1.9 46.3 

45 23 2.3 48.6 

46 23 2.3 50.9 

47 16 1.6 52.5 

48 20 2.0 54.5 

49 17 1.7 56.2 

50 13 1.3 57.5 

51 22 2.2 59.7 

52 13 1.3 61 

53 14 1.4 62.4 
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54 17 1.7 64.1 

55 16 1.6 65.7 

56 17 1.7 67.4 

57 17 1.7 69.1 

58 15 1.5 70.6 

59 7 .7 71.3 

60 14 1.4 72.7 

61 16 1.6 74.3 

62 21 2.1 76.4 

63 17 1.7 78.1 

64 14 1.4 79.5 

65 12 1.2 80.7 

66 17 1.7 82.4 

67 16 1.6 84 

68 10 1.0 85 

69 18 1.8 86.8 

70 17 1.7 88.5 

71 12 1.2 89.7 

72 12 1.2 90.9 

73 14 1.4 92.3 

74 9 .9 93.2 

75 7 .7 93.9 

76 8 .8 94.7 

77 2 .2 94.9 

78 10 1.0 95.9 

79 7 .7 96.6 

80 4 .4 97 
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81 5 .5 97.5 

82 4 .4 97.9 

83 6 .6 98.5 

84 2 .2 98.7 

85 2 .2 98.9 

86 2 .2 99.1 

87 4 .4 99.5 

88 4 .4 99.9 

89 1 .1 100 

Total 1000 100.0 
 

Further example for quantiles: 

quartiles (divided into 4): 
 

 
Frequency Percentage 

18-34 261 26.1 

35-46 248 24.8 

47-62 255 25.5 

63+ 236 23.6 

Total 1000 100.0 

deciles (10): 
 

 
Frequency Percentage 

18-25 104 10.4 

26-31 104 10.4 

32-37 109 10.9 

... … … 

73+ 91 9.1 

Total 1000 100.0 
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terciles (or tertiles) (3): 
 

 
Frequency Percentage 

18-39 353 35.3 

39-56 321 32.1 

57+ 326 32.6 

Total 1000 100.0 

percentiles (100) 

The 25th percentile is the lowest quartile; the 30th percentile is the third decile etc. 

median (50) 

see in Section Median 

Application: comparing two frequency distributions 

During industrialization, the age structure has changed radically: 

• life expectancy increased, 

• infant mortality decreased, while 

• birth rate decreased. 

Based on the age terciles below, try to find out which country is developed and which is developing? 

 

For another example of the application of quantiles see Section Decile ratio. 

What value to assign to a class? 

A frequent problem in research practice. 

Example: in income questions, respondents are often asked to identify an interval rather than a single precise 

value. 

What is your monthly net income? 

Response categories: 

Less than 100,000 Ft 

100,000 to 200,000 Ft 

200,001 to 350,000 Ft 

350,001 to 600,000 Ft 

More than 600,000 Ft 

What are the advantages of this form of question? 

• income is a sensitive topic, associated with high non-response; this form is less sensitive 
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• many people do not know their precise net income 

If we want to treat the variable as interval-ratio, we should assign values to their categories. (For example in 

order to compute total household income). 

A possible solution is the middle of the interval: 

Less than 100,000 Ft 50,000 Ft 

100,000 to 200,000 Ft 150,000 Ft 

200,001 to 350,000 Ft 275,000 Ft 

350,001 to 600,000 Ft 475,000 Ft 

More than 600,000 Ft ? 

The upper limit of the last interval is not known, may be estimated by external data sources. 

Rates 

Terms such as birth rate or unemployment rate are often used by social scientists. 

A rate is a number obtained by dividing the number of cases (births, unemployeds etc) by the size of the total 

population. 

• The numerator and the denominator are measured in the same time period (most frequently in a year). 

• Rates can be calculated on a more narrowly defined subpopulation E.g. unemployment rate within labor force 

(employed + unemployed persons). 

For further application examples see the lecture about social indicators. 

Example: 

In 1989 sick-pay days per worker was 25: 

number of sick-pay days in 1989 (101.8 million) / number of entitled persons in 1989 (4.064 million)  

Advantages: 

• different time points (trends) and 

• different populations can be compared, 

• by controlling for different population sizes 

Example: 

When comparing social security expenditures of two countries, simple contrasting of the number of sick-pay 

days does not yield a valid comparison, because the number of entitled persons may be different. 

Similar example: per capita GDP 

Rates are often expressed as rates per thousand or hundred thousand to make the numbers easier to interpret. 

For example suicide rate per 100,000 persons 

in Hungary (2002): 28. 

Instead of 0.00028 suicide per person 

Again: when comparing two regions with regard to suicidal tendencies, contrasting number of suicides does not 

yield a valid comparison because of the different population sizes. However, number of suicides per 100,000 
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persons is a meaningful indicator. E.g. in 2002, suicide rate was 38.5 in the Southern-Great Plain region of 

Hungary, while the country‟s overall rate was 28. 

(Remark: Suicide as a cultural/sociological phenomenon. In southern and south-eastern districts of the 

Hungarian Plain, the suicide rate has been 2-3 times higher for 135 years than in the western and north-western 

areas of the country.) 

Rates are computed from population data (based on official data sources such as censuses) rather than sample 

data. Such information is regularly reported by national bureaus of statistics. 

Two healthcare indicators: 

• indicator A: number of GPs per 100.000 inhabitants 

• indicator B: number of patients per GP 

What does an increase in indicator A / in indicator B imply? 

Example: Hungarian city crime ranking 

Do the data yield a valid comparison? (Source: Unified System of Criminal Statistics of the Investigative 

Authorities and of Public Prosecution, 2008) 

 

No! The best ranked Pilis has 11,000 inhabitants, while the second best ranked Ózd has 38,000. 

Such inadequate indicators are sometimes reported in the media. 

However, the indicator below is better defined. Why? 

In addition to crime rate, number of crimes is also reported here. Why could it be informative? 
 

Ranking City Crimes per 10,000 

inhabitants 
Total number of crimes 

1. Lengyeltóti 181 61 

2. Tiszalök 168 99 

3. Nyékládháza 154 76 

4. Siófok 145 349 

5. Harkány 128 49 

6. Vásárosnamény 119 107 

7. Jászberény 118 320 

...10. Hajdúsámson 113 142 
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...19. Ózd 94 341 

...23. Komló 83 217 

...27. Szigetszentmikós 76 233 

What information is most important when interpreting statistical data? 

1. When were the data collected? 

2. What is the research population? 

3. If sample data: 

a) Method of sampling? 

b) Sample size? 

c) Nonresponse rate? 

4. Exact definition of variables? If table: what are the row- and column headings? 



   

 29  
Created by XMLmind XSL-FO Converter. 

4. fejezet - Lecture 4 

Topics 

• Graphic presentation 

• Pie chart 

• Bar chart 

• Histogram 

• Frequency polygon 

• Stem-and-leaf plot 

• Statistical map 

• Time series chart 

• How to lie with graphic presentations? 

1. Motivation 

Data are more easily readable and understandable when presented graphically 

Pie chart 

Appropriate for nominal and ordinal variables (small number of categories) 

ISSP 2006, Hungary. Worktype, a nominal variable. Frequency distribution: 
 

 
Frequency Percentage 

Public sector 468 51.0% 

Private sector 396 43.1% 

Self employed 54 5.9% 

Total 918 100% 

More easily understandable: 

 

Exploding out a single slice of the chart is a way to emphasize a piece of information. Interpret the pair of pie 

charts below. 
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While the corresponding percentage distributions are less expressive: 
 

 
Hungary USA   

 
Frequency Percentage Frequency Percentage 

Public sector 468 51.0% 281 19.5% 

Private sector 396 43.1% 985 68.3% 

Self employed 54 5.9% 177 12.3% 

Total 918 100% 1443 100% 

2. Bar chart 

An alternative way to present nominal or ordinal data graphically. 

In case of ordinal variables, categories are sorted along the X axis. 

Example: „Please show whether you would like to see more or less government spending on military and 

defense?” 

(Data source from now on is ISSP 2006) 

 

Bar graphs are often used to compare distribution of a variable among different groups. 

Interpret the bar chart below. 
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Histogram 

Appropriate for interval-ratio variables, whose values are classified. 

Shows frequencies or percentages of the classes 

The classes are displayed as bars, with width proportional to the width of the class and area proportional to the 

frequency or percentage of that class. 

A histogram is similar to a bar chart, but its bars are contiguous to each other (visually indicating that the 

variable is continuous rather than discrete), and the bars may be of unequal width. 

(Remember what we have learned about classification in Section Frequency distributions for interval-ratio 

variables). 

Example. Average hours worked weekly (Hungary, 2006). Classes are 5-hours intervals. 

Interpret the histogram. 

Which is the most frequent class of working time? 

 

A further difference compared to bar charts: a bar chart can be used to compare the distribution of a variable 

among different groups (within a single bar chart). A single histogram is not appropriate to this aim, separate 

histograms have to be drawn for each group. 

The histograms below can be used to compare Hungary with Japan and the Netherlands. Width of bars is 5 

hours in all the three cases. 

Interpret the histograms. 

In which country is working time most uniform? In which country are part-time jobs most common? In which 

country are workers most frequently expected to work extra hours? 
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Remark. A general classification problem: 

• The information presented by the chart depends on the width of the classes (also called as bin width). How to 

select bin width? 

• There is no "best" number of bins, and different bin sizes can reveal different features of the data. 

• A large bin width smoothes out the graph, and shows a rough picture. A smaller bin width highlights finer 

features. But the smaller width we use, the more empty classes are formed, and the more broken graph we get. 

(In parenthesis: the population distribution is generally smooth, but the sample has a limited size, and it cannot 

be expected to give perfectly accurate information. The finer classification we use, the less accurate estimate for 

the distribution the sample can provide.) 

Example: 

Data on the Netherlands, with three different bin widths: 

 

Width= 10 hours 

 

Width= 5 hours 
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Width=2 hours 

3. Frequency polygon 

Appropriate for interval-ratio variables 

The above data again: 

 

The frequency polygon shows the differences in frequencies or percentages among classes of the categories of 

an interval-ratio variable. Points representing the frequencies of each class are placed above the midpoint of the 

class and are joined by a straight line. 

It is similar to the histogram; differences: 

• fix width of intervals 

• percentages (or frequencies) are assigned to the midpoint of the interval 

Example: In a reaction time trial time is the variable measured, which is interval-ratio. Frequency distribution of 

a classification is shown in the table below: 

 

More easily readable when presented graphically (width is fixed at 5, the first and the last class is defined as 20-

25 and 55-60, respectively): 
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4. Stem-and-leaf plot 

Appropriate for interval-ratio variables 

Similar to a histogram, assists in visualizing the shape of a distribution 

Construction: the numbers (the values of the variable) are broken up into stems and leaves. Typically, the stem 

contains the first (or first two) digits of the number, and the leaf contains the remaining digits. The plot is drawn 

with two columns separated by a vertical line. The stems are listed to the left of the vertical line. 

Note that digits and not numbers are used: If we have the numbers 8, 12 and 30, then the first digit of 8 is 0. 

Next, stems are sorted in ascending order, and then leaves of the same stem are also sorted. 

Looks like a horizontal histogram with the exception of presenting also the values. 

Example: country-specific mean of hours worked weekly (in ascending order, in hours): 
 

NL-Netherl 35.29948 

CA-Canada 37.26501 

IE-Ireland 37.39599 

GB-Great B 37.47162 

CH-Switzer 37.82437 

NZ-New Zea 37.88102 

FI-Finland 38.23138 

FR-France 38.54045 

SE-Sweden 38.5873 

DK-Denmark 38.61125 

NO-Norway 38.61965 

DE-Germany 38.90488 

HU-Hungary 39.9765 

ZA-South A 40.52171 

AU-Austral 40.85112 

VE-Venezue 40.9579 

PT-Portuga 41.2068 

ES-Spain 41.40199 

IL-Israel 41.76869 
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RU-Russia 41.82076 

US-United 42.31947 

LV-Latvia 42.35688 

SI-Sloveni 42.75 

UY-Uruguay 42.80439 

HR-Croatia 43.5 

PL-Poland 44.04636 

CL-Chile 44.23623 

JP-Japan 44.5078 

CZ-Czech R 45.4177 

DO-Dominic 45.51872 

PH-Philipp 47.18957 

KR-South K 48.71251 

TW-Taiwan 49.48805 

The stem-and-leaf plot (stems contain the first two digits): 

35*        3 36*        37*        34589 38*        256669 39*        40*        059 41*        02488 42*        3488 

43*        5 44*        025 45*        45 46*        47*        2 48*        7 49*        5 

Stems are often further broken up, e.g. into two parts according to the 0-4 and 5-9 sets of digits. 

The next plot was derived from the plot above: 

        35*        3         35.                36*                36.                37*        34         37.        589         38*        2         3

8.        56669         39*                39.                40*        0         40.        59         41*        024         41.        88         

42*        34         42.        88         43*                43.        5         44*        02         44.        5         45*        4         45.

        5         46*                46.                47*        2         47.                48*                48.        7         49*                49

.        5 

Remark: the last plot is less smooth than the one before. The same problem was seen before in case of 

histograms: the finest classes (here: stems) we use, the less smooth curve is obtained. 

Construct a stem-and-leaf plot from the data above, with stems containing the first digits only. 

Statistical map 

Maps are especially useful for describing geographical variations in variables. 

Most often for interval-ratio variables. 

Example: Number of days spent in hospital per treatment, averaged over Hungarian small areas, 2007. 

Interpret the map. How can we explain the observed inequalities? 
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(Hint: unequal need for health care, and/or unequal efficiency of health care providers) 

 

Source: research report of HealthMonitor (in Hungarian) 

Time series chart 

Appropiate for interval-ratio variables. 

It displays changes in a variable at different points in time. It shows time (measured in units such as years or 

months) on the X axis and the values of the variable on the Y axis. Points can be joined by a straight line. 

Example: Change in income inequalities in post-socialist countries during the transition. 

Source: Flemming J., and J. Micklewright, “Income Distribution, Economic Systems and Transition”. Innocenti 

Occasional Papers, Economic and Social Policy Series, No. 70. Florence: UNICEF International Child 

Development Centre. 

To the interpretation: 

• the Gini coefficient is a measure of inequality 

• it can range from 0 to 1 

• a value of 0 expresses total equality (everyone has the same income), and 

• a value of 1 expresses maximal inequality (one person has all the income). 

The figure below shows changes in the Gini coefficient in four post-socialist countries during the transition 

Compare: In the „90s Latin America had the highest Gini in the world (around 0.5); in developed Western-

European countries it was about 0.35. 

Interpret the time series chart. 

What is the general trend in each country? Did your findings meet your expectations? What cross-country 

differences can you observe? 

 

(Missing points denote missing data, for example: Russia 1990, 1991) 

5. How to lie with graphic presentations? 

(Supplementary reading: Darrell Huff: How to lie with statistics?) 

http://egeszsegmonitor.hu/dok/Igenybeveteli%20egyenlotlensegek_2010.pdf
http://www.unicef-irc.org/publications/pdf/eps70.pdf
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Or in less forceful wording: how can charts mislead the readers? 

Shrinking/stretching the chart 

Highly affects the intuitive interpretation. The previous chart after horizontal shrinkage: 

 

It gives the impression of a steep increase. If, on the contrary, the chart is stretched horizontally, the picture 

shows a slow increase: 

 

6. Changing the scale 

It is equivalent to shrinkage/stretching of the chart. 

• If the scale of the X-axis is changed from 1 year to 5 years, then the chart will be shrunken horizontally. 

• If the scale is changed to 1 month, then the chart will be stretched horizontally 

• Similarly, if the scale of Y-axis is changed from 0.05 to 0.01, then the chart will be stretched vertically, 

giving an impression of a faster growth: 

 

7. Changing the range of the axis 

Narrowing/expanding the ranges of the axes acts in a similar way. 

If the original Y-range (see second chart below) is set to be [0;1], then the increase seems to be slower (see third 

chart). And vice versa: a narrower range gives an impression of a faster growth (see first chart): 
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8. Misleading 3D charts 

Example: Consider the following chart that displays the net income of a company between 2000 and 2004. The 

picture suggests a balanced growth, while the numbers behind (and the second, more accurate graph) shows a 

great fall in the last year. Additionally, the company had a net loss in 2000. 

How was the first chart manipulated? 

• The presentation angle and the multiple colors divert attention from the fall. 

• The chart masks the loss by using a Y-range with a large negative starting point. 

 

9. „Valid” charts 

How to construct valid charts? 

From a mathematical point of view every chart is valid, but of course we can say more... 

Range of the Y-axis should be defined so as to cover the realistically possible values of the variable. 

E.g. if the variable is the governmental educational spending, do not start with 0, and do not finish with an 

unrealistically high value, say, 10,000 billion $ in case of Hungary (since by using these limits values 

significantly different considering the level of the national economy would get too close, masking important 

differences). 

Similarly: do not let the two endpoints of the Y-axis be the actual lowest and highest values, since there are 

realistically possible values out of this range (and we have seen that by narrowing the Y-range small changes are 

magnified) 

Furthermore: presenting in the same chart additional bits of information as points of reference helps the reader 

to judge the magnitude of the trends. Turning back to a previous example: if governmental educational spending 

is presented on the chart, points of reference could be the annual GDP, number of students, inflation etc. 
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5. fejezet - Lecture 5 

1. Topics 

• Measures of central tendency 

• Mode 

• Median 

• Finding the median in sorted data (few observations) 

• Finding the median in frequency distributions (great number of observations) 

• Percentiles 

• Mean 

• Properties of the mean 

• Sensitivity to outliers 

• Choosing the appropriate measure of central tendency 

2. Measures of central tendency 

Up to this point: frequency distributions and charts to describe the distribution. 

A simpler way of describing a distribution is to select a single number that summarizes the distribution more 

concisely. 

Numbers that describe… 

• …what is average or typical of the distribution are measures of central tendency, 

• …the dispersion in the distribution are measures of variability. 

Considerations for choosing an appropriate measure: 

• The level of measurement 

• The shape of the distribution 

• The research focus 

3. Mode 

Definition: The category with the largest frequency in the distribution 

Example. The pie chart below shows the religious denomination of Hungarian adults (ISSP, 2006). 
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The category Roman Catholic is the mode. 

4. Characteristics of the mode 

The mode is the only measure of central tendency used with nominal variables. 

Appropriate for each levels of measurement, 

but not favored with continuous (interval-ratio) variables. Why? 

Example of an ordinal variable (previously seen): 

ISSP 20006, “Do you think it should or should not be the government‟s responsibility to reduce income 

differences between the rich and the poor?” 
 

 
Czech Republic Hungary 

Definitely should be 21.7% 49.8% 

Probably should be 32.9% 35.8% 

Probably should not be 28.6% 12.1% 

Definitely should not be 16.8% 2.3% 

Total 100.0% 100.0% 

The mode is the category... 

• “Definitely should be” in Hungary, and 

• “Probably should be” in the Czech Republic. 

That is, the most commonly occurring categories differ in the two countries, Hungarians are more in favor of 

redistribution. 

In some distributions there are two categories with the highest frequency. Such distributions are called bimodal. 

Terminology: unimodal, bimodal, trimodal, multimodal. 

Example: General Social Survey, 1991, USA. 
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Determine the level of measurement for the variable. What is the mode? 

 

5. Median 

Used with variables that are at least at an ordinal level of measurement, 

represents the middle of the distribution: 

• half the cases are above, 

• half the cases are below the median. 

For example according to Hungarian ISSP data from 1992: 

• the answers to the question „How much do you think a cabinet minister in the national government earns?” 

have a median of 116,000 Ft,   

• the answers to the question „ How much do you think a cabinet minister in the national government should 

earn?” have a median of 80,000 Ft. 

Determine the level of measurement for the two variables whose median we identified. 

5.1. Finding the median in sorted data (few observations) 

An odd number of observations, high level of measurement: 

1. Sort the observations according to the variable 

2. Find the middle observation, the category associated with it is the median 

Example 

Suicide rate by regions (Társadalmi helyzetkép 2002, Central Bureau of Statistics) 

Suicide rate here is defined as suicides per 100.000 inhabitants 
 

 
1990 

Western-Transdanubia 26.1 

Southern-Transdanubia 34.5 
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Central-Hungary 35.6 

Northern-Hungary 37.4 

Central-Transdanubia 37.8 

Northern-Great Plain 51.2 

Southern-Great Plain 53.1 

What is the unit of analysis of the variable? 

What is the possible range of the variable? 

Determine the level of measurement for suicide rate. 

Identify the median. 

The table below shows data of 2001. How did the median change? 
 

 
2001 

Western-Transdanubia 19.9 

Southern-Transdanubia 24.2 

Central-Hungary 24.7 

Northern-Hungary 27.5 

Central-Transdanubia 27.9 

Northern-Great Plain 37.0 

Southern-Great Plain 41.5 

Odd number of observations, ordinal variable: 

Example: The sample consists of 5 respondents, the median category is „Neither satisfied, nor dissatisfied” 

Question: Are you satisfied with your GP? 
 

Answer Respondent 

Very satisfied János 

Very satisfied Júlia 

Neither satisfied, nor dissatisfied Péter 

Dissatisfied Mária 

Very dissatisfied József 
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(Note that always an answer category and not the corresponding observation (here: Péter) is the median!) 

Small, even number of observations: 

If the variable is measured at high level, the median can be defined as the mean of the values associated to the 

two middle observations. 

Turning back to our previous example on suicide rate, omitting Southern-Great Plain the median in 1990 is 

(35.6+37.4)/2= 36.5; 

while in 2001 (24.7+27.5)/2=26.1. 

Mean is obviously not appropriate for ordinal variables: 

Question: Are you satisfied with your GP? 
 

Answer Respondent 

Very satisfied János 

Very satisfied Júlia 

Neither satisfied, nor dissatisfied Péter 

Dissatisfied István 

Very dissatisfied Mária 

Very dissatisfied József 

5.2. Finding the median in a frequency distribution (great number 
of observations) 

• We have to find the observation located at the middle of the distribution. 

• For this reason we construct a cumulative percentage distribution (see page 61). 

• The observation located at the middle of the distribution is the one that has a cumulative percentage value 

equal to 50%. 

• If there is no observation with a cumulative percentage precisely equal to 50%, then (following our rule of 

thumb) choose the lowest category that has a cumulative percentage greater than 50%. 

Example: In Japan (ISSP, 2006) the median hours worked weekly is 45 hours: 
 

Hours worked weekly Frequency Percentage Cumulative percentage 

2.0 1 .1 .1 

3.0 2 .3 .4 

4.0 3 .4 .9 

5.0 3 .4 1.3 
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6.0 4 .6 1.8 

7.0 2 .3 2.1 

8.0 6 .9 3.0 

9.0 10 1.4 4.4 

10.0 5 .7 5.1 

11.0 1 .1 5.2 

12.0 9 1.3 6.5 

13.0 2 .3 6.8 

15.0 5 .7 7.5 

16.0 5 .7 8.2 

17.0 2 .3 8.5 

18.0 7 1.0 9.5 

19.0 2 .3 9.8 

20.0 21 3.0 12.8 

21.0 3 .4 13.2 

22.0 2 .3 13.5 

23.0 2 .3 13.8 

24.0 4 .6 14.3 

25.0 12 1.7 16.0 

26.0 1 .1 16.2 

27.0 1 .1 16.3 

28.0 3 .4 16.7 

29.0 1 .1 16.9 

30.0 27 3.8 20.7 

31.0 2 .3 21.0 

32.0 3 .4 21.4 

33.0 2 .3 21.7 
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34.0 1 .1 21.8 

35.0 17 2.4 24.3 

36.0 6 .9 25.1 

37.0 3 .4 25.5 

38.0 5 .7 26.2 

39.0 1 .1 26.4 

40.0 100 14.2 40.6 

41.0 2 .3 40.9 

42.0 19 2.7 43.5 

43.0 7 1.0 44.5 

44.0 3 .4 45.0 

45.0 47 6.7 51.6 

46.0 5 .7 52.3 

47.0 2 .3 52.6 

48.0 46 6.5 59.1 

50.0 95 13.5 72.6 

51.0 4 .6 73.2 

52.0 4 .6 73.8 

54.0 6 .9 74.6 

55.0 25 3.5 78.2 

56.0 11 1.6 79.7 

57.0 3 .4 80.1 

58.0 2 .3 80.4 

59.0 1 .1 80.6 

60.0 60 8.5 89.1 

61.0 1 .1 89.2 

62.0 2 .3 89.5 
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63.0 2 .3 89.8 

65.0 8 1.1 90.9 

66.0 4 .6 91.5 

67.0 1 .1 91.6 

68.0 1 .1 91.8 

70.0 16 2.3 94.0 

72.0 7 1.0 95.0 

75.0 4 .6 95.6 

76.0 1 .1 95.7 

78.0 2 .3 96.0 

80.0 8 1.1 97.2 

84.0 2 .3 97.4 

85.0 2 .3 97.7 

90.0 2 .3 98.0 

91.0 1 .1 98.2 

95.0 1 .1 98.3 

96 or more 12 1.7 100.0 

Total 705 100.0 
 

Finding the median of ordinal variables goes the same way. (Remember to sort the categories!) 

Example: ISSP 2006, USA. „On the whole, do you think it should or should not be the government’s 

responsibility to…” 
 

 
…provide a job for everyone who wants 

one? 
…provide health care for the sick? 

 
Freq. % Cum. % Freq. % Cum. % 

Definitely 

should be 
239 15.9 15.9 850 56.4 56.4 

Probably 

should be 
356 23.7 39.6 502 33.3 89.8 

Probably 521 34.6 74.2 116 7.7 97.5 
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should not be 

Definitely 

should not be 
388 25.8 100.0 38 2.5 100.0 

Total 1504 100.0 
 

1506 100.0 
 

Find the median of both variables, interpret their difference. 

An application: detecting a trend 

USA, General Social Survey, 1991 and 1994, Government spending on the military. 
 

 
1991 

 
1994 

 

 
% Cumulative % % Cumulative % 

Too low 14.5 14.5 16.5 16.5 

About right 57.6 72.1 49.3 65.8 

Too much 27.9 100.00 34.2 100.0 

Total 100.0 
 

100.0 
 

The median was “About right” in both year. According to the median, public opinion did not change between 

the two years. 

Note that the unchanged median masks the fact that percentage of “Too much” increased by its fourth. 

6. Again about percentiles 

• we have seen: the nth percentile is the value of a variable below which n percent of observations fall 

• the median is the 50th percentile 

• percentiles are also appropriate for ordinal variables 

• deciles are the 10th percentiles, the 25th percentile is the lower quartile, while the 75th percentile is the 

upper quartile 

Example. ISSP 2006, Subjective social status measured on a 10-grade scale. Cumulative percentage distribution 
 

 
Taiwan Hungary Denmark 

Lowest, 01 10.7 3.8 1.4  

02 17.0 11.9 3.1  

03 28.7 30.5 6.9  

04 38.8 51.8 11.4  

05 73.8 80.6 29.9  
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06 91.2 93.2 58.1  

07 97.0 98.5 81.6  

08 98.9 99.7 95.4  

09 99.5 100.0 98.6  

Highest, 10 100.0 
 

100.0  

What are the country-specific third, fifth and seventh deciles? 

Conclusions, for example: 

• „Only 3 out of 10 Danish position themselves in the lowest half of the scale.” (third decile) 

•  “However, only 30 percents of Taiwanese people perceive themselves to be of high status (higher than 5-

grade ranking).” (7th decile) 

• Note that in the latter case we cumulated the percentages “upward”: quantiles can be interpreted in this way 

as well. 

Example. Subjective health status on a 100-grade scale separately for people in bad / good or very good 

financial status. 

(Source: Hungarian National Health Interview Survey 2000) 

Find and compare the lower and upper quartiles and the median. 

In bad financial status 
 

Score Frequency % Cumulative % 

0 5 1.79 1.79 

1 1 0.36 2.14 

3 1 0.36 2.50 

10 6 2.14 4.64 

15 3 1.07 5.71 

19 1 0.36 6.07 

20 11 3.93 10.00 

23 1 0.36 10.36 

25 3 1.07 11.43 

28 2 0.71 12.14 

30 13 4.64 16.79 
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34 1 0.36 17.14 

35 3 1.07 18.21 

39 1 0.36 18.57 

40 17 6.07 24.64 

42 1 0.36 25.00 

43 1 0.36 25.36 

45 3 1.07 26.43 

46 1 0.36 26.79 

48 1 0.36 27.14 

49 3 1.07 28.21 

50 55 19.64 47.86 

51 1 0.36 48.21 

55 6 2.14 50.36 

60 22 7.86 58.21 

62 3 1.07 59.64 

65 9 3.21 62.86 

67 1 0.36 63.21 

68 1 0.36 63.57 

70 25 8.93 72.50 

73 1 0.36 72.86 

75 7 2.50 75.36 

76 1 0.36 75.71 

79 2 0.71 76.43 

80 29 10.36 86.79 

81 1 0.36 87.14 

83 1 0.36 87.50 

84 1 0.36 87.86 
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85 2 0.71 88.57 

89 1 0.36 88.93 

90 17 6.07 95.00 

92 1 0.36 95.36 

95 3 1.07 96.43 

97 1 0.36 96.79 

98 1 0.36 97.14 

100 8 2.86 100.00 

 

Total 280 100.00 
 

In good or very good financial status 
 

Score Frequency % Cumulative % 

0 1 0.15 0.15 

10 1 0.15 0.31 

15 1 0.15 0.46 

20 1 0.15 0.62 

29 1 0.15 0.77 

30 4 0.62 1.39 

35 1 0.15 1.54 

40 8 1.23 2.78 

50 39 6.02 8.80 

55 6 0.93 9.72 

58 2 0.31 10.03 

60 26 4.01 14.04 

61 1 0.15 14.20 

62 1 0.15 14.35 

64 1 0.15 14.51 
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65 6 0.93 15.43 

67 1 0.15 15.59 

69 1 0.15 15.74 

70 50 7.72 23.46 

71 1 0.15 23.61 

73 1 0.15 23.77 

75 31 4.78 28.55 

77 1 0.15 28.70 

78 1 0.15 28.86 

79 6 0.93 29.78 

80 115 17.75 47.53 

81 1 0.15 47.69 

83 1 0.15 47.84 

84 1 0.15 47.99 

85 69 10.65 58.64 

86 2 0.31 58.95 

87 2 0.31 59.26 

88 3 0.46 59.72 

89 3 0.46 60.19 

90 122 18.83 79.01 

91 1 0.15 79.17 

92 7 1.08 80.25 

93 5 0.77 81.02 

94 1 0.15 81.17 

95 51 7.87 89.04 

96 1 0.15 89.20 

97 1 0.15 89.35 
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98 5 0.77 90.12 

99 3 0.46 90.59 

100 61 9.41 100.00 

 

Total 648 100.00 
 

7. The mean 

The (arithmetic) mean is what people call the “average”. 

Appropriate for interval-ratio variables. 

Let Y denote the interval-ratio variable, now the mean is: 
 

 

(5.1) 

where  (y-bar) denotes the sample mean of Y, n is the sample size, Σ (sigma) is the summation sign in 

mathematics, and denotes summing over all y-value, and yi is the value of Y measured for the ith observation in 

the sample. Generally, lowercase letters denote sample values, while uppercase letters denote variables or 

population factors. 

Example. ISSP 2006, Hungarian data. Mean of monthly net income by party preference. 
 

Party preference Mean n Std. deviation 

MDF 224,050.00 10 198,666.730 

SZDSZ 133,392.86 14 158,119.986 

FKGP 57,166.67 6 11,214.574 

MSZP 123,963.76 264 149,650.388 

FIDESZ 125,898.94 231 158,621.847 

Munkáspárt 75,400.00 6 34,556.620 

MIÉP 165,433.50 8 207,676.491 

Other 159,100.00 10 181,112.273 

Uncertain 148,636.12 283 176,798.697 

Total 134,243.96 832 162,816.877 

The supporters of which party have the highest mean income? Of which the second highest? Of which the 

lowest? 
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Important to note that data on uncertain voters are also informative: they seem to have higher mean income than 

certain voters. 

Comment I: 

Data above are from a sample. Party-specific differences in mean income may arise simply due to sampling 

error caused by observing a sample instead of the whole population (e.g. if by chance the only MDF-supporter 

with an extremely high income was selected). The question arises whether the mean income differences 

observed are valid for the population (in technical term: whether they are statistically significant differences). 

Statistical inference introduced in later courses gives the answer to that question. 

Comment II: 

The mean considers only one feature of the distribution. High mean income of MDF-supporters does not 

necessarily imply that each MDF-supporter has a high income (low variability). As an extreme example 

consider the case when only a few MDF-supporter with extremely high income pull the mean up. That is, 

income may have a distribution with high variability among the MDF supporters. Standard deviation, a 

measure relating to the variability of the distribution is shown in the fourth column of the table above. Standard 

deviation will be discussed in the next lecture. 

7.1. Properties of the mean 

Sensitivity to outliers (also called extremes). 

Unlike with the mode or the median, every value enters into the calculation of the mean. Therefore the mean is 

sensitive to extremely high or extremely low values in the distribution 

Example: a) no outlier 
 

Y (monthy net income, $) Sample frequency Σyi 

1000  

1 1000 

2000  

2 4000 

3000  

4 12000 

4000  

2 8000 

5000  

1 5000 

Total n=10 Σyi=30,000 

 = 30,000/10 = 3,000 

b) one outlier 
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Y (monthy net income, $) Sample frequency Σyi 

1000  

1 1000 

2000  

2 4000 

3000  

4 12000 

4000  

2 8000 

35000  

1 35000 

Total n=10 Σyi=60,000 

 = 60,000/10 = 6,000 

The income of only one person has changed, but the mean has increased twice! 

What are the medians in the above cases? 

The median did not change, because it is not sensitive to outliers. 

8. The shape of the distribution 

A distribution of an interval-ratio variable can be either symmetrical or skewed, depending on whether there 

are a few outliers at one end of the distribution. 

Terminology: ends of distributions are called tails; right tail / left tail. 

A distribution is symmetrical if the frequencies at the right and left tails of the distribution are identical. 

A hypothetical example: 
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In case of symmetrical unimodal distributions the mode, the mean and the median are identical. 

What about symmetrical bimodal distributions? 

A hypothetical example: 

 

The median and the mean are identical in this case as well. 

In skewed distributions, there are a few outliers on one side of the distribution. A negatively skewed 

distribution has extremely low values. In this case the left tail is longer than the right tail. And vice versa: those 

distributions with a few extremely high values are called positively skewed, with a right tail longer than the left 

tail. 

In a negatively skewed distribution, the mean will be pulled down; in a positively skewed distribution, it will be 

pulled up. For example income data are practically always positively skewed. 

A simple rule to identify the shape of the distribution: 

• If the mean is greater than the median, the distribution is positively skewed. 

• If the mean is lower than the median, the distribution is negatively skewed. 

Example: mean and median hours worked weekly (in hours, sorted by the mean): 
 

Country mean median 

NL-Netherl 35.30 36.00 

CA-Canada 37.27 40.00 

IE-Ireland 37.40 39.00 

GB-Great B 37.47 39.00 

CH-Switzer 37.82 42.00 

NZ-New Zea 37.88 40.00 

FI-Finland 38.23 38.00 

FR-France 38.54 38.00 
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SE-Sweden 38.59 40.00 

DK-Denmark 38.61 37.00 

NO-Norway 38.62 40.00 

DE-Germany 38.90 40.00 

HU-Hungary 39.98 40.00 

ZA-South A 40.52 40.00 

AU-Austral 40.85 40.00 

VE-Venezue 40.96 40.00 

PT-Portuga 41.21 40.00 

ES-Spain 41.40 40.00 

IL-Israel 41.77 40.00 

RU-Russia 41.82 40.00 

US-United 42.32 40.00 

LV-Latvia 42.36 40.00 

SI-Sloveni 42.75 40.00 

UY-Uruguay 42.80 44.00 

HR-Croatia 43.50 40.00 

PL-Poland 44.05 40.00 

CL-Chile 44.24 45.00 

JP-Japan 44.51 45.00 

CZ-Czech R 45.42 43.00 

DO-Dominic 45.52 45.00 

PH-Philipp 47.19 48.00 

KR-South K 48.71 48.00 

TW-Taiwan 49.49 48.00 

In which countries is the mean much greater than the median? 

In which countries is the median much greater? 
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What do these imply regarding the shape of the distributions? 

What do these imply regarding the particular country‟s working conditions? Compare e.g. the USA and 

Switzerland. 

9. Choosing the appropriate measure of central 
tendency 

Considerations: the level of measurement, the research focus and the shape of the distribution. 

• With nominal variable: mode. 

• With ordinal variable two choices, depending on the research focus. Most typical value: mode. Middle 

value: median. 

• With interval-ratio variable: three choices, depending on the research focus and the shape of the distribution. 

Note that these are purely methodological considerations, not always followed in research practice. E.g. income 

data are usually skewed; however, the mean income is frequently used. 
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6. fejezet - Lecture 6 

1. Topics 

• Introduction 

• The Index of Qualitative Variation (IQV) 

• The range 

• The interquartile range 

• Box-plot 

• The variance and the standard deviation 

• Choosing the appropriate measure of variability 

• Special measures of variability 

• Decile ratio 

• Gini coefficient 

2. Introduction 

Objective: to select a single number that summarizes the distribution. 

Measures of central tendency focus only on one aspect. 

Another aspect: how much variation there is in the distribution. 

Measures of variability. 

A motivating example: ISSP data, 2006. 

„In the last five years, how often have you or a member of your immediate family come across a public official 

who hinted they wanted, or asked for, a bribe or favor in return for a service?” 
 

 
Latvia Hungary Denmark 

Never 54.3 77.7 95.2 

Seldom 22.6 10.8 3.6 

Occasionally 17.4 8.2 .9 

Quite often 4.5 2.8 .2 

Very often 1.2 .5 .1 

The mode is less informative here. Why? 

Consider an interval-ratio variable: Monthly net income. ISSP, 1998, Hungary. By education: 

Level of education = High school degree 

Mean: 38,665 Ft 
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Level of education = College 

Mean: 38,988 Ft 

While the lowest and highest income in the two groups are: 

Level of education = High school degree 

Minimum: 4,000 Ft 

Maximum: 500,000 Ft 

Level of education = College 

Minimum: 10,800 Ft 

Maximum: 200,000 Ft 

3. The index of qualitative variation (IQV) 

Supplemental topic not covered in the exam. We discuss it in order to assign a measure of variability to each 

level of measurement. 

With nominal or ordinal variables. 

Takes values from 0 to 1. 

• If all the cases are in the same category, there is no variability and IQV is 0. 

• In contrast, when the cases are distributed uniformly across the categories, there is maximum variability and 

IQV is 1. 

Example (ISSP, 1998, Hungary). Education by employment status. 
 

  
Education 

 

 
Below high school High school College or 

university 
Total 

Self employed 27 

35.5% 

32 

42.1% 

17 

22.4% 

76 

100.0% 

Employee 516 

62.6% 

195 

23.7% 

113 

13.7% 

824 

100.0% 

Level of education is more homogeneous within employees: two third of them do not have a high school degree. 

Compute the IQV within the two groups. 

IQV = number of observed differences / maximum possible differences 

Calculating the number of observed differences 

Consider the sample below: 

        János without high school degree         István university degree         Károly university 

degree         Ildikó high school degree 

the pairs below differ in their level of education: 
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János-István János-Károly János-Ildikó István-Ildikó Károly-Ildikó 

So there are 5 “differences”. A simpler way is to follow the formula: 

without high school degree                1 person university degree                        2 persons high school 

degree                        1 person 

Different pairs: without high school degree vs. university degree – 2 pairs, without high school degree vs. high 

school degree – 1 pair, university degree vs. high school degree – 2 pairs, a total of 5 pairs. 

If we have K categories, and fi denotes the frequency in the ith category, the following formula gives the result: 

Σi=1..K, j=(i+1)..Kfifj 

Following the formula for self-employeds, the number of observed differences is: 

27*32+27*17+32*17=1,867 

For employees: 

516*195+516*113+195*113=180,963 
 

  
Education 

 

 
Below high school High school College/university Total 

Self employed 27 32 17 76 

Employee 516 195 113 824 

Calculating the maximum number of possible differences 

Follow this formula: 

(K(K-1)/2)*(N/K)2 

where K is the number of categories of the variable, and N is the sample size. 

For self-employeds: 

(3*2/2)*(76/3)2  = 1,925 

For employees: 

(3*2/2)*(824/3)2  = 226,325 

Calculating IQV 

IQV = number of observed differences / maximum possible differences 

For self-employeds: 1867/1925 = 0.97 

For employees: 180,963/226,325 = 0.8 

That is, the values of IQV support our earlier observation: level of education has a lower level of variability 

within employees. 

In the previous example IQV was calculated for an ordinal variable. However, the IQV is not sensitive to the 

ordering of the categories. Its application with ordinal variables causes some information deficit. 

Remark: 
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IQV can be calculated from percentages as well. 

In the previous example, IQV for self-employeds is (35.5*42.1+35.5*22.4+42.1*22.4)/((3*2/2)*(100/3)2) = 0.97 

Example 

Racial diversity in eight states of the USA in 2006 (categories are white/black/Asian/Latino/other (Native 

American etc)). Interpret the data. 
 

State IQV 

Hawaii 0.89 

California 0.84 

New York 0.63 

Alaska 0.54 

Washington 0.33 

Florida 0.48 

Maine 0.05 

Vermont 0.05 

Source: Frankfort-Nachmias 

4. Range 

With interval-ratio variable 

It is the difference between the maximum and minimum values in the distribution. 

Example 

ISSP, 2006, Hungary. Income by party preference. 
 

Party preference Mean Minimum Maximum Range 

MDF 224.050.00 43.000 500.000 457.000 

SZDSZ 133.392.86 24.000 500.000 476.000 

FKGP 57.166.67 40.000 70.000 30.000 

MSZP 123.963.76 10.000 500.000 490.000 

FIDESZ 125.898.94 15.000 500.000 485.000 

Munkáspárt 75.400.00 37.400 125.000 87.600 

MIÉP 165.433.50 23.000 500.000 477.000 
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Other 159.100.00 54.000 500.000 446.000 

Uncertain 148.636.12 2.000 500.000 498.000 

Total 134.243.96 2.000 500.000 498.000 

Check the computation of the range by comparing the maximum and minimum values. 

Interpret the differences in ranges. 

Compare the amount of variability in different group of supporters. 

In Section The mean, MDF-supporters turned out to be the highest mean income group. How much variability 

does this group show comparing to the others? 

Why is the range not appropriate for nominal or ordinal variables? 

5. Interquartile range 

but 

is based on the maximum and minimum values only, hence it is sensitive to the outliers. 

Interquartile range (IQR) is introduced to avoid this instability: 

IQR is defined as the difference between the lower and upper quartiles. 

Appropriate for interval-ratio variables. (The case of ordinal variables will be discussed later). 

Back to the previous example: 
 

Party preference 1. quartile 3. quartile IQR Range 

MDF 74250 500000 425.750 457.000 

SZDSZ 50750 112500 61.750 476.000 

FKGP 47500 68500 21.000 30.000 

MSZP 53000 95000 42.000 490.000 

FIDESZ 44500 90000 45.500 485.000 

Munkáspárt 49100 113750 64.650 87.600 

MIÉP 32851 396250 363.399 477.000 

Other 56500 218750 162.250 446.000 

Uncertain 46000 110000 64.000 498.000 

Total 49.250 100.000 50.750 498.000 

Check the computation of the IQR by comparing the 3. and 1. quartiles. 

Interpret the IQRs! 
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When variability was measured by the range, uncertain voters showed the highest variability. Has this 

conclusion changed? How could you explain the change? 

Example 

Range or IQR? Number of cars within two groups of people. 

 

6. Box plot 

A graphic device that presents the range, the IQR, the median, the maximum and the minimum values within 

one figure. 

• A box is drawn between the lower and upper quartiles, 

• a solid line presents the median within the box, 

• the maximum and minimum values are presented by a vertical line outside the box (called whiskers, therefore 

frequently called box-and-whiskers-plot) 

It gives us a quick visual impression of the spread in the distribution and of the shape of the distribution. 

 

Compare the figures below! 
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Detecting differences in central tendency using a box plot 

 

Detecting differences in variability using a box plot 

 

Detecting skewness using a box plot 
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Detecting outliers using a box plot 

 

Remark: 

Box plots have many different definitions. E.g. SPSS draws box plots which show the median and the IQR, but 

instead of the range, they present two types of extreme values (called outliers and extremes). 

7. The variance and the standard deviation 

With interval-ratio variables. 

They give us information about the overall variation and, unlike the range or the IQR, are not based on only two 

values. 

The most frequently used measures of variability. 

They reflect how much, on the average, each value of the variable deviates from the mean. 

The sensitivity of the mean to outliers carries over to the calculation of these measures. (Hence they are not 

appropriate for much skewed distributions; see Section Finding the appropriate measure of variability). 

They can have only positive values, a value of 0 means that there is no variability in the distribution (that is, 

each observation has the same value). A greater value shows greater variability. 

The variance and the standard deviation can be calculated from each other. Variance is the mean of the squared 

deviations from the mean, the standard deviation is its square root: 

Variance: 
 

 
(6.1) 

where Y denotes the variable, n is the sample size,  is the mean. 

Standard deviation: 
 

 
(6.2) 

Why we use squared deviations? 
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• By simply using the deviations  the sum of the deviations would be always zero, because the negative and 

positive deviations would neutralize each other. E.g. for the sample {1, 2, 3}, the sum of deviations would be 
 

 
(6.3) 

so the variance would be also 0, though there is some variability in the distribution! 

• We could use the absolute values of the deviations, but absolute values are mathematically difficult to work 

with. Another difference between absolute and squared deviations is that squaring increases deviations greater 

than 1, while decreases deviations smaller than 1. That is, squaring penalizes larger deviations. E.g. for the 

sample {1, 3, 8}, the sum of absolute deviations would be 
 

 
(6.4) 

while the sum of squared deviations is 
 

 
(6.5) 

Example for calculating the variance and the standard deviation 

Consider the sample {1, 3, 8} again. Variance is (9+1+16)/3 = 26/3 = 8.7, and standard deviation is its square 

root, 2.95. 

Question 

The variance of a variable is 0 if and only if all observations have the same value. Which other measures of 

variability have this property? 

The standard deviation 

The variance is based on squared deviations, therefore is no longer expressed in the original units of 

measurement. 

For example, according to Hungarian ISSP data 2006, individual monthly net income has a mean of 134,244 Ft, 

while its variance is about 26.5 milliards, which is difficult to interpret. 

Thus, the square root of variance is taken. This measure is called standard deviation. 

In the previous example the standard deviation is 162,817. We can say that the typical deviation from the mean 

income of 134,000 is about 163,000. That is, income shows a large variability, since the standard deviation is 

greater than the mean. 

Interpretation of the standard deviation is more obvious when comparing two groups or two points of time: 

Example 

Hungarian parliamentary election 1990 and 2002, first round turnout rates by county 

(source: Hungarian Central Bureau of Statistics, Társadalmi helyzetkép, 2002). 
 

County 1990 2002 

Budapest 71.2 77.5 

Pest 63.3 70.6 

Fejér 64.5 69.6 
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Komárom-Esztergom 64.5 71.0 

Veszprém 70.9 72.6 

Gy-M-S 76.4 73.9 

Vas 76.8 74.2 

Zala 69.3 70.7 

Baranya 65.9 71.8 

Somogy 62.5 68.0 

Tolna 64.0 68.5 

B-A-Z 61.0 68.0 

Heves 65.3 70.1 

Nógrád 62.6 69.3 

H-B 56.3 66.0 

J-N-Sz 59.0 66.7 

Sz-Sz-B 53.8 65.8 

Bács-Kiskun 60.7 65.0 

Békés 54.6 66.9 

Csongrád 63.4 67.3 

Total 65.8 70.5 

Calculate the standard deviation of turnout rates in 1990 and in 2002. 

The formula:  

First step: calculate the mean. Can we use the national turnout rates (65.8 and 70.5) as means? 

No. The national turnout rate is not equal to the mean of the county-specific turnout rates. The mean for 1990 is: 
 

 (6.6) 

The mean for 2002 is: 
 

 (6.7) 

After substitution into the formula, the standard deviation for 1990 is obtained as: 
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(6.8) 

For 2002: 
 

 
(6.9) 

Interpret the difference in the means and the standard deviations! 

Compared to 1990, the mean county-specific turnout rate increased by 5% for 2002. Standard deviation 

decreased by half for 2002, which shows that county-specific turnout rates were more homogenous in 2002. 

Remark 

In some textbooks there is n-1 instead of n in the denominator of the above formulas. The choice between the 

two definitions depends on convention. The variance defined with n-1 is often called sample variance, having 

some desirable properties when used to estimate the population variance. Population variance is always defined 

with n in the denominator. 

8. Choosing the appropriate measure of variability 

So far we have discussed five measures of variability: the IQV, the range, the IQR, the variance and the standard 

deviation. Which one to choose in a given situation? 

Considerations: 

• If the distribution of an interval-ratio variable is highly skewed, the mean is an ambiguous measure of central 

tendency, so variance and standard deviation (based on the mean) may be also ambiguous, 

• IQV loses some information used with ordinal variables, since it does not take the ordering of the categories 

into account, 

• Use of IQR with ordinal variables is questionable, since it is based on the distance between two quartiles, and 

distance is not defined for the categories of an ordinal variable. The compromise is to interpret the IQR as the 

range that includes the “middle half” of the ordered observations, and to use with caution for comparing 

variabilities (only if the variables being compared measure similar things on the same scale, e.g. attitude 

questions with Strongly agree–Strongly disagree scaled responses). 

Note that these are purely methodological considerations, not always followed in research practice. E.g. income 

data are usually skewed; however, the standard deviation for income is frequently used. 
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9. Special measures of variability 

9.1. Decile ratio 

Compared to the range, less sensitive to outliers. 

Appropriate for interval-ratio variables. 

Decile ratio = mean income of top 10 percent / mean income of bottom 10 percent. 

Compared to the IQR, it concerns the distance between the two ends of the distribution. Therefore it is 

commonly used for measuring income inequalities (distance between the richest and the poorest). 

Example for its calculation 

Consider the sample of size 30 below, ordered by income (fictive numbers): 
 

1. 42,720 

2. 43,866 

3. 45,821 

4. 49,418 

5. 49,781 

6. 50,975 

7. 53,739 

8. 57,693 

9. 69,131 

10. 89,341 

11. 111,940 

12. 137,045 

13. 150,307 

14. 156,443 

15. 156,498 

16. 208,115 

17. 227,996 

18. 235,034 

19. 249,609 
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20. 262,369 

21. 300,046 

22. 328,424 

23. 348,137 

24. 351,597 

25. 362,036 

26. 368,305 

27. 372,850 

28. 447,664 

29. 449,088 

30. 484,355 

Mean within the top 10 percent is (42,720+43,866+45,821)/3=44,802, while the mean within the bottom 10 

percent is (447,664+449,088+484,355)/3=460,369. Hence the decile ratio is 460,369/44,802=10.3. 

Example 

Many researches claim that income inequalities increased during the transition period in Hungary, until about 

1995. Data below support this statement. 

(source: Társadalmi helyzetkép 2002, Central Bureau of Statistics). 

 

Interpret the figure. 

9.2. Gini coefficient, Lorenz curve 

The Gini coefficient is a commonly used measure of inequality of income or wealth, mainly in economic areas 

as health-economy or economic sociology. 

Contrary to the IQR or the decile ratio, it takes into account the whole distribution. 
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As we have seen in Section Time series chart, the Gini can range from 0 to 1. A value of 0 expresses total 

equality and a value of 1 total inequality. A value of 0.4 can be interpreted as a rather high inequality. 

The Gini coefficient is usually defined mathematically by the Lorenz curve, which itself is (a more complex) 

measure of inequality. The Lorenz curve plots 

• the proportion of the total income of the population (y axis) that is cumulatively earned 

• by the bottom x% of the population (x axis). 

The line at 45 degrees represents perfect equality: 

 

Points of the curve correspond to conclusions like "The poorest 60% of adults earns only 40% of the total 

income. 

The Gini coefficient is defined as twice the area lying between the line of equality and the Lorenz curve. The 

Gini computed from the above curve is 0.31. 

(Source of data: Hungarian National Health Survey 2000. Income is defined as per capita household net 

income.) 

Case study – income differences in Hungary 

In 2000, the Gini had a value of 0.31 in Hungary. 

Compare: in the 90‟s, Gini ranged from approximately 0.25 (Eastern-European countries) to 0.5 (Latin-

America) although not every country has been assessed. 

What may affect income inequalities? 

Figures below show that the Gini in Hungary tends to be higher 

• among more educated adults, 

• among higher educated jobs, and 

• among younger adults. 

The effect of age is the strongest (Gini among young people is double of that among elderly people). 

(Source: Hungarian National Health Survey 2000) 
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7. fejezet - Lecture 7 Measuring the 
relationship between two variables 1: 
nominal and ordinal cases 

Contents 

Introduction 

Analysing crosstabs 

Controlling the relationship 

1. Introduction 

Questions: 

• Is there a relationship? 

• How strong? 

• Which way does it point? 

The analytical tool to be used depends on the measurement level 

Association indices, graphic analytical tools 

2. The relationship of nominal or ordinal variables 
with crosstabs 

Crosstab: showing the joint distribution of two nominal or ordinal variables within one single table 

Joint distribution: the distribution of both variables for the categories of the other one 

We know the distribution of the cross-combination of both variables. E.g.: The distribution of the origins of best 

friendships by settlement type (From: Social Report, 2002, KSH) 
 

Origin of best 

friendship 
Settlement type Total 

Capital County capital Other city or 

town 
Village 

Childhood 22,2 20,0 22,2 29,5 24,2 

School 33,6 24,9 22,9 18,4 24,0 

Work 21,1 24,7 23,5 16,9 21,1 

Family 5,7 5,3 6,7 8,1 6,7 

Neighbours 8,7 13,1 13,5 15,3 13,0 

Other 8,6 11,9 11,2 11,8/ 11,0 
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Total 100% 100% 100% 100% 100% 

Level of measurement? What do the rows and columns stand for? 

What kind of percentage data does the table give for the joint distribution? 

(Question: To what extent are you attached to the coutry of your residence?, ISSP 1995) 
 

 
USA H SK 

Very much 35,4% 

463 

79,6% 

794 

41,6% 

567 

Considerably 46.6% 

596 

16,8% 

168 

47,7% 

650 

Not very much 15.3% 

200 

2,8% 

28 

7,6% 

103 

Not at all 3.7% 

48 

0,8% 

8 

3,1% 

42 

Total 100% 

1307 

100% 

998 

100% 

1362 

% within country 
 

  

D-E H CZ SLO PL BG RUS LV SK 

Very much 27,7% 79,6% 47,5% 49,3% 54,6% 72,1% 41,7% 41,3% 41,6% 

Considerabl

y 
53,6% 16,8% 44,2% 43,7% 39,3% 20,6% 40,1% 45,1% 47,7% 

Not very 

much 
16,6% 2,8% 7,0% 6,0% 5,1% 4,3% 12,3% 10,9% 7,6% 

Not at all 2,1% 0,8% 1,4% 1,1% 0,9% 3,1% 5,9% 2,7% 3,1% 

Total 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

What's the difference? 

Row percentage 

Column percentage 

Cell percentage 
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2.1. Dependent and independent variables 

If our hypothesis is that the origin of the best friendships varies by type of settlement, that is where you live, 

affects where you make friends, in this model ‟origin of friendship‟ is the dependent variable and ‟settlement 

type‟ is the independent variable. 

Crosstabulation: terminology (in the above example) 

Row variable: origin of friendship 

Column variable: type of settlement 

Cell: the overlap of a given row with a given column 

Marginal: the distribution of the row variable or the column variable without breaking it up (here: the last 

column) 

In the example above, it seemed more practical to give the row percentages, since the column variable was 

independent 

If the data can be presented both ways (with either the row or the column variable being dependent), we can 

give both the row and the column percentages 

2.2. Example for investigating dependency 

A fictitious example: the relationship between financial status and mental health 

The direction of the relationhip is not obvious – why? 

How can you interpret the tables below? Which table presents which type of influence? 

Column percentage: 
 

MENTAL HEALTH - 

HAVING A MEDICAL 

CONDITION 

FINANCIAL STATUS 

 
Relatively bad Relatively good Total 

Yes 46% 43% 44% 

No 54% 57% 56% 

Total 100% 100% 100% 

Row percentage: 
 

MENTAL HEALTH - 

HAVING A MEDICAL 

CONDITION 

FINANCIAL STATUS 

 
Relatively bad Relatively good Total 

Yes 44% 56% 100% 

No 42% 58% 100% 
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Total 43% 57% 100% 

3. The existence of a relationship 

There is a relationship between two variables if the distribution of the dependent variable varies according to the 

categories of the independent variable 

E.g.: in  the above example the distribution of financial status varies according to whether there is a medical 

condition, so the two are related. 

If the data showed the following, there would be no relationship. 
 

MENTAL HEALTH - 

HAVING A MEDICAL 

CONDITION 

FINANCIAL STATUS 

 
Relatively bad Relatively good total 

Yes 43% 57% 100% 

No 43% 57% 100% 

Total 43% 57% 100% 

The existence of the relationship doesn‟t depend on which of the variables is the independent one. 

4. Strength of relationship 

The crudest and simplest method to measure the strength of the relationship for a 2x2-cell crosstab: 

The method measures the change in percentage of the categories of the dependent variable in accordance with 

the changes of the independent variable. 

In the above example: 

• It holds for all the 3 categories of financial status that there is no difference between medical condition – yes 

and medical condition – no. 

• On the other hand, in the table showing the actual distribution, there‟s 2% difference according to financial 

status. It‟s a very weak relationship considering that the maximum difference would be 100%. 
 

MENTAL HEALTH - 

HAVING A MEDICAL 

CONDITION 

FINANCIAL STATUS 

 
Relatively bad Relatively good Total 

Yes 100% 0% 100% 

No 0% 100% 100% 

Total 43% 57% 100% 

5. The direction of the relationship 
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The question ‟which way does the relationship point‟ is only meaningful for ordinal variables. 

Positive relationship: if Variable A increases, Variable B increases too. 

Negative relationship: if Variable A increases, Variable B decreases. 

E.g..:  the distribution of the number of friends by age group (From: Társadalmi helyzetkép, 2002, KSH) 
 

AGE GROUP NUMBER OF FRIENDS 

1-2 3-4 4+ Összesen 

15-29 45,9% 28,6% 25,5% 100% 

30-39 57,0% 25,6% 17,4% 100% 

40-49 61,0% 25,9% 13,1% 100% 

50-59 58,5% 26,2% 15,3% 100% 

60-75 62,0% 24,6% 13,4% 100% 

Interpret the data. Which way does the relationship point? 

It‟s negative: the older one is, the fewer friends one tends to have. 

Note: 

This does not necessarily mean ‟the number of friends decrease as we get older‟. The same data can also mean 

those who are older now made fewer friends when they were younger than today‟s young people and the 

difference was brought about by social and cultural differences between young people then and now. (A 

possible reason: young people today are less informal in their everyday behaviour so it might be easier to make 

friends.) 

 (From: Társadalmi helyzetkép 2002, KSH) 
 

LEVEL OF 

EDUCATION 
NUMBER OF FRIENDS 

1-2 3-4 4+ Total 

Fewer than 8 

primary school 

grades completed 

69,5 21,0 9,5 100% 

8 primary school 

grades 
57,9 25,4 16,7 100% 

Vocational school 56,9 27,3 15,8 100% 

Secondary school 52,5 26,7 20,8 100% 

Higher education 47,0 28,3 24,7 100% 

Which way does the relationship point? 

It‟s positive: the better educated you are, the more friends you have 
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6. Control: introducing one more variable 

The aim is to further investigate the relationship between two variables by involving a third variable, the so-

called control variable 

(In Babbie this is under ‟ The elaboration paradigm‟) 

Reminder: 

• As we saw in the first lesson at Simpson‟s Paradox, the relationship between ‟Company‟ and ‟Employees 

Hired by Ethnic Background‟ changed if we also looked at ‟Level of Education‟ as a control variable. 

• Also, the relationship between ‟Frequency of seeing a Doctor‟ and ‟Smoking‟ would weaken or disappear if 

we involved ‟Gender‟ as a control variable. 

The objective of using a control variable may vary according to its position in the causal relationship: 

• explaining an apparent relationship (smoking vs seeing a doctor) 

• finding an intermediary relationship 

• discovering an extra influence 

• (other types) 

7. Controlling the relationship 

7.1. An apparent relationship 

Cf.: smoking and seeing a doctor. Before looking at gender differences we hypothesised that smoking is the 

independent variable which affects the frequency of seeing a doctor: smokers tend to see their doctor less 

frequently as they feel uncomfortable because of their unhealthy habit. However, it turned out both variables 

strongly correlate with gender and this caused the apparently strong relationship between them. 

 

Another example of using a control variable: 

1. Apparently, at fire stations staffed by more fire fighters there is higher damage at the fires where they are 

alerted to. The more staff the less effective work? 
 

Extent of damage Staff at station 

Small Great 

Small 70% 30% 

Great 30% 70% 

Total 100% 100% 
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2. If we use the control variable ‟graveness of fire‟, we find that both small and big fires caused smaller damage 

if there were more firefighters at the scene. Let‟s see the data broken up by the categories of the control variable: 

SMALL FIRES: The relationship within the given category of the control variable point the other way and it‟s 

weaker: 100%-88%=12% 
 

Damage caused by fire cases 

attended by a given station 
Number of staff 

Small Great 

Small 88% 100% 

Great 12% 0% 

Total 100% 100% 

GREAT FIRES: The partial relationship has been reversed and it has weakened: 12%-0%=12% 
 

Damage caused by fire cases 

attended by a given station 
Number of staff 

Small Great 

Small 0% 12% 

Great 100% 88% 

Total 100% 100% 

So the model of the relationship: 

 

7.2. The ’intermediary’ relationship 

The following table is supposed to demonstrate how being religious immediately determines attitudes to 

abortion: 

(GSS 1988-1991) 
 

Are you por-abortion? Religion 

Catholic Protestant 

Yes 34% 45% 
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No 66% 55% 

Total 100% 100% 

According to another hypothesis what religion affects immediately is one‟s ideas concerning ideal family size 

and these ideas are what shape attitudes to abortion. So ideal family size is a control variable that acts as an 

intermediary standing in between religion and abortion attitudes. 

Using this control variable proves this hypothesis as shown by the 3 tables below. (Note: in order to prove the 

effect of the intermediary variable, one has to analyse all the 3 tables and prove the existence of all the three 

relationships in bold.) 

• (proving that religion  family size) Religion correlates with preferred family size : 
 

Preferred family size Religion  

Catholic Protestant 

Large 52% 27% 

Small 48% 73% 

Total 100% 100% 

• Preferred family size correlates with abortion attitudes (proving that family size  abortion attitude): 
 

Are you pro-abortion Preferred family size 

Large small 

Yes 25% 50% 

No 75% 50% 

Total 100% 100% 

3: Within the given category of the intermediary variable there is no correlation between religion and 

abortion attitudes (or there’s hardly any) (proving that there’s no immediate religion  abortion 

attitude). 
 

Preferred family size Are you pro-abortion? Religion  

Catholic Protestant 

SMALL Yes 46% 52% 

No 54% 48% 

Total 100% 100% 

 
Are you pro-abortion? Religion  
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Catholic Protestant 

Large Yes 24% 28% 

No 76% 72% 

Total 100% 100% 

Note: Analysing this last table is especially important as this one proves that religion only affects abortion 

attitudes through the intermediary variable. 

The causal relationship: 

 

Final conclusion: Catholics are less pro-abortion than Protestants because they prefer larger families. 

7.3. Modifying the effect 

Another way of using a control variable is when it is only the strength of the relationship between the 

independent and the dependent variable in the model that changes in accordance with a third, modifying 

variable. 

 

 (e.g. Országos Lakossági Egészségfelmérés 2000.) Health status surveys prove the case very well. The 

following are fictitious data. 

3. There are more moderate/heavy drinkers among men than women (strength of relationship 98-

37=61%) 
 

Alcohol consumption Male Female 

Teetotaller/occasional drinker 37% 98% 

Moderate/heavy drinker 63% 2% 

Total 100% 100% 

4. The relationship points the same way but it’s weaker for those with higher level of education. (strength 

of relationship for those without higher education: 96-29=67%, for those with higher education: 100-

46=54%). 
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No higher 

eduaction 
With higher 

education 
    

Alcohol 

consumption 
Male Female Alcohol 

consumption 
Male Female 

Teetotaller/occa

sional drinker 
29% 96% Teetotaller/occa

sional 
46% 100% 

Moderate/heavy 

drinker 
71% 4% Moderate/heavy 54% 0% 

Total 100% 100% Total 100% 100% 
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8. fejezet - Lecture 8: Relationship 
between nominal and ordinal 
variables: associational indices 

Contents 

Introduction 

Associational indexes for nominal level of measurement 

Associational indexes for ordinal level of measurement 

1. Introduction 

• associational indices 

• it‟s easier to interpret but can be misleading 

• variables of different levels of measurement – different indices 

• nominal-nominal and ordinal-ordinal relationships 

2. PRE, proportional reduction of error 
 

having a mental medical 

condition 
financial status 

  
relatively bad relatively good total 

yes 390 (97,5 %) 10 (2,5 %) 400 (100 %) 

no 40 (6,7 %) 560 (93,3 %) 600 (100 %) 

total 430 (43 %) 570 (57 %) 1000 (100 %) 

 Using one of the illustrations from the previous lecture (where we considered mental health to be the 

independent variable and financial status to be the dependent variable), let‟s guess the financial status of the 

individual respondents based on our knowledge of the distribution: 57% have relatively good, 43% have 

relatively worse financial status. 

Let‟s imagine that the respondents turn up one by one and we have to guess their financial status as accurately 

as possible. What‟s the best way to do that? 
 

having a mental medical 

condition 
financial status 

  
relatively bad relatively good total 

yes 390 (97,5 %) 10 (2,5 %) 400 (100 %) 

no 40 (6,7 %) 560 (93,3 %) 600 (100 %) 
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total 430 (43 %) 570 (57 %) 1000 (100 %) 

Declareing each respondent to have a relatively good financial status is the safest way: thus we are wrong in 430 

cases out of 1000. 

How does the situation change if we already know Table 1 and we can ask each respondent whether or not they 

have a mental medical condition? 

In this case we can improve the chances of our guesswork by categorizing everyone with a mental problem as 

having worse financial status, while those without mental problems as having better financial status. Thus the 

number of mistakes we make is down to 50. 

In other words, the guessing error characterizes the relationship of the two variables. Associational indices that 

work on this principle are called ‟proportional reduction of error‟ (PRE) indices. 

Calculating (λ) to get the connection of two nominal variables: 
 

 
(8.1) 

Where: 

E1 is the number of categorising mistakes made without considering the independent variable 

E2 is the number of categorising mistakes made considering the independent variable 
 

having a mental medical 

condition 
financial status 

  
relatively bad relatively good total 

yes 390 (97,5 %) 10 (2,5 %) 400 (100 %) 

no 40 (6,7 %) 560 (93,3 %) 600 (100 %) 

total 430 (43 %) 570 (57 %) 1000 (100 %) 

in this specific case: 
 

 
(8.2) 

2.1. Lambda’s characteristics 

Let‟s assume that mental health is the dependent variable and financial status is the independent one (also 

assuming that being rich drives you crazy). 

In this case lambda is calculated thus: 
 

 
(8.3) 

That is, lambda depends on which variable is the dependent and which the independent one. These associational 

indices are called assymmetric indices. 

Two versions of the above table: 
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having a mental medical 

condition 
financial status 

  
relatively bad relatively good total 

yes 200 (45,5 %) 240 (54,5 %) 440 (100 %) 

no 230 (41,1 %) 330 (58,9 %) 560 (100 %) 

total 430 (43 %) 570 (57 %) 1000 (100 %) 

 

having a mental medical 

condition 
financial status 

  
relatively bad relatively good total 

yes 189 (43 %) 251 (57 %) 440 (100 %) 

no 241 (43 %) 319 (57 %) 560 (100 %) 

total 430 (43 %) 570 (57 %) 1000 (100 %) 

Table 3 

While first table showed (see previous lecture) that there was connection between the two variables, second 

table shows that the two are completely independent. 

Let‟s calculate lambda for both. 

Without knowing the independent variable the number of categorization mistakes is again 430. However, if we 

consider the independent variable, it will not help us make fewer mistakes in either case. 

E1 = E2 = 430 
 

 
(8.4) 

It can be seen that if the variables are independent, lamba is 0 in all cases, yet if lambda=0, it doesn‟t 

automatically mean that the two variables are independent. 

Note: This method should not be used if there is less than 5% difference between the distributions that go with 

the specific values of the independent variable. 

Summary: 

λ’s characteristics: 

• asymmetric 

• it‟s between 0-1 

• if the variables are independent, it‟s always 0 (but it can be 0 in other cases as well) 

3. Other associational indices for nominal variables 

Some other indices to show the connection between two nominal variables: 
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• odds ratio 

• Rogoff ratio 

Notation: 

Let‟s take two nominal variables with two values each. 

Gender: male/female 

Height: taller than 180 cm / shorter than 180 cm 
 

  
tall short sum of row 

female f11 f12 f1+ 

male f21 f22 f2+ 

sum of column f+1 f+2 f++ 

thus: 

f11 no. of tall women 

f+1 no. of tall respondents 

f++ total no. of cases 

Rogoff ratio: 
 

 
(8.5) 

where the second part of the formula is the number of cases in cell f11 with the given marginal distributions if 

the two variables are independent. That is, how great is the difference compared to the independence. 

Characteristics: 

• symmetric 

• its minimum and maximum values depend on the marginal disribution (variationally not independent) 

• it‟s always 1 if (and only if) the variables are independent 

• the table can be easily reconstructed knowing only the marginals 

Gender: male/female 

Height: taller than 180 cm / shorter than 180 cm 
 

  
talll short sum of row 

female f11 f12 f1+ 

male f21 f22 f2+ 

sum of column f+1 f+2 f++ 

thus: 
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f11 no. of tall women 

f+1 no. of tall respondents 

f++ total no. of cases 

the odds ratio (α): 
 

 
(8.6) 

Interpretation: The ratio of two frequencies (or probabilities) are called odds. Think of bookies: what are the 

odds that the horse called Nick Carter is going to win? If it‟s 3:1, it means it‟s going to win once in every four 

cases. The odds ratio shows how much greater the odds of one event is than that of another. 

Characteristics: 

• symmetrical 

• minimum value: 0 

• maximum value: +  

• its value if and only if independent: 1 

• if we take its logarithm, the same absolute values mean ‟the same strength‟ connection 

• if we know the marginals, the table can be reconstructed but it‟s complicated 

• (variationally independent: it‟s value doesn‟t depend on the marginal distribution) 

3.1. Revision Questions 

Which associational index shows the ‟direction‟ of the connection as well? 

Why can‟t lambda be negative? 

What are the advantages and disadvantages of the individual indices? 

Which associational indices require us to specify a dependent and an independent variable? 

3.2. For further thought 

Why is it ‟bad‟ if the original table can‟t be reconstructed knowing the associational index and the marginals? 

Why doesn‟t the value of the odds ratio depend on the individual distribution of the variables (i.e. the 

marginals?) 

Why does the Rogoff ratio depend on the marginals? 

When is lambda = 0 ? 

4. Associational indices of ordinal variables 
 

  
How close do you feel to Europe? Total 

Very close Close Not very close 

 How close do Very close 521 41 20 582 
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you feel to the 

town where you 

live? 
89,5% 7,0% 3,4 % 100,0 % 

Close 123 

50,4% 

106 

43,4% 

15 

6,1% 

244 

100,0% 

Not very close 100 

63,7% 

36 

22,9% 

21 

13,4% 

157 

100,0% 

 Total 744 

75,7% 

183 

18,6% 

56 

5,7% 

983 

100,0% 

Based on the percentages which variable is the independent one? 

Is there a connection? 

What level of measurement are the variables? 

How could we use PRE here? 

This time the respondents come in pairs. Let‟s try to guess for each respondent whether or not they feel closer to 

Europe than their pair if we know that they feel closer to their town of residence then their pair. 

Let‟s repeat the procedure knowing also the percentage of pairs where the one who feels closer to Europe also 

feels closer to their town. How to do this? 

How could we formulate the improvement? 

How many pairs are there where the one who feels closer to Europe feels closer to their town as well? 

How to calculate this? 

Let‟s proceed from cell to cell from the bottom right corner. Let‟s multiply each cell by the sum of cells left and 

above it. Let‟s do this for each cell where it‟s possible. 
 

  
Europe Total 

Very close Close Not very close 

Town of 

residence 
Very close 521 

89,5% 

41 

7,0% 

20 

3,4 % 

582 

100,0 % 

Close 123 

50,4% 

106 

43,4% 

15 

6,1% 

244 

100,0% 

Not very close 100 

63,7% 

36 

22,9% 

21 

13,4% 

157 

100,0% 

 

Total 744 

75,7% 

183 

18,6% 

56 

5,7% 

983 

100,0% 

Ns=21*(521+41+123+106) + 15*(521+41) + 36*(521+123) + 106*521= 103 451 
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How many pairs are there where the one who feels closer to Europe feels less close to their town? 

How to calculate this? 

Let‟s proceed from cell to cell from the bottom left corner. Let‟s multiply each cell by the sum of the cells to the 

right and above it . Let‟s do this for each cell where it‟s possible. 
 

  
Europe Total 

Very close Close Not very close 

Town of 

residence 
Very close 521 

89,5% 

41 

7,0% 

20 

3,4 % 

582 

100,0 % 

Close 123 

50,4% 

106 

43,4% 

15 

6,1% 

244 

100,0% 

Not very close 100 

63,7% 

36 

22,9% 

21 

13,4% 

157 

100,0% 

Total 744 

75,7% 

183 

18,6% 

56 

5,7% 

983 

100,0% 

Nd=100*(41+20+106+15) + 123*(41+20) + 36*(15+20) + 106*20=29 083 

Gamma is the name for the following associational index: 
 

 
(8.7) 

In this specific case: 
 

 
(8.8) 

Characteristics of gamma 

• symmetrical 

• it‟s between -1 and +1 

• it‟s 0 in case of independence 

• meaning: from all the pairs that can be arranged according to both variables to what extent the probability of 

error diminishes compared to chance ( (Ns+Nd)/2) 

Another possible associational index: Somer’s d. 

Let‟s calculate the pairs that can not be arranged according to the dependent variable (Nty). 

How to calculate this? 

Let‟s find the smallest value of the dependent variable and within that the cell where the smallest value of the 

independent variable is located. The number of cases found here should be multiplied by the sum of the number 

of cases of the same value of the dependent variable and with higher value (all) of the independent variable. 
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Europe Total 

Very close Close Not very close 

Town of 

residence 
Very close 521 

89,5% 

41 

7,0% 

20 

3,4 % 

582 

100,0 % 

Close 123 

50,4% 

106 

43,4% 

15 

6,1% 

244 

100,0% 

Not very close 100 

63,7% 

36 

22,9% 

21 

13,4% 

157 

100,0% 

Total 744 

75,7% 

183 

18,6% 

56 

5,7% 

983 

100,0% 

Nty=21*(15+20)+15*20+36*(106+41)+106*41+100*(123+521)+123*521=139 156 

Somer‟s d can be calculated using the following formula: 
 

 
(8.9) 

In this specific case: 
 

 
(8.10) 

4.1. The characteristics of Somer’s d: 

• asymmetrical 

• it‟s between -1 and +1 

• it‟s 0 in case of independence 

4.2. Another index: Spearman or rank correlation 

Formula: 
 

 
(8.11) 

where 

x, y the ordinal variables 

N no. of cases 

4.3. Characteristics of Spearman (rank) correlation: 

• symmetrical 

• it‟s between -1 and +1 
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• it‟s 0 if independent 

4.4. Revision Questions 

For the same set of data, which is larger, gamma or Somer‟s d? 

What index can we use for ordinal variables if we don‟t know which is the independent variable? 

4.5. For further thinking 

What‟s Somer‟s d? 

If the connection is weak what are the indices like? 

5. Summary 

Terms 

Associational index 

PRE - proportional reduction of error) 

asymmetrical/symmetrical associational indices 

sensitivity to independence 

same and reverse order pairs 

Associational indices and their characteristics 

Nominal / nominal 

Lambda (asymmetrical, 0 +1, not sensitive to independence) 

Rogoff ratio (symmetrical, changing interval) 

Odds ratio (symmetrical, 0 + , variationally independent) 

Ordinal/ordinal 

Gamma (symmetrical, -1 +1) 

Somer‟s d (asymmetrical, -1 +1) 

Spearman (rank) correlation (symmetrical, -1 +1) 

5.1. Example 

How does people‟s idea of national identity relate to the strength of their affinity to their country? We‟ll 

compare Hungary and Great Britain. 

1. Identify the dependent and the independent variable. Give your reasons. 

2. Using the crosstab identify whether there is any connection between the variables, how strong it is, and if 

there is a direction. 

3. Use associational indices. Explain your choice. 

Variables: 

How close do you feel to your country? 
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very close 

close 

not very close 

How important is it concerning one‟s national identity to be born in that country? (Important: born in (Rs 

country) 

very important 

fairly important 

not very important 

 

 

Associational indices: 

Great Britain 
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Hungary 
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9. fejezet - Lecture 9: Associational 
indexes:high level of measurement 

Contents 

Introduction 

Joined distribution 

Visualization 

Linear relationship 

Non-linear relationship 

Deterministic and stochastic relationship 

Linear regression 

Covariance, (Pearson‟s) correlation 

When not to use correlation and linear regression 

1. Introduction 

In previous chapters we looked at the relationships between low measurement level variables. Below, we‟ll 

explore high measurement level variables. Please revise high measurement level. 

Questions to consider when exploring the potential relationship between variables: 

1. Is there a relationship? 

2. How strong is it? 

3. Which way does it point? 

As we‟ll see, for high measurement level variables we have to ask some other questions as well. 

2. Joined distribution 

As with low measurement level variables, we start with looking at the joined distribution of the two high 

measurement level variables. This makes it possible to tell whether there is a relationship between them, if so, 

how strong, and in the case of ordinal variables, also the direction. 

3. Visualization 

With low measurement level variables, their distribution could be visualized using crosstabs. Do crosstabs work 

for high measurement level variables? 

Let‟s look at the distribution of age and income in Hungary in 1995 

 

It seems, crosstabs are not very useful here, for various reasons: 

• the tables would be too large to take in 

• there would be many empty cells 
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• there would be too few cases per cell 

• in all, crosstabs don‟t answer the questions posed above 

It seems more useful to use some kind of graph 

 

This kind of graph is called a scatterplot. 

Terminology: 

Axis y (vertical): if it‟s possible to interpret, then it usually depicts the dependent variable 

Axis y (horizontal): if it‟s possible to interpret, then it usually depicts the dependent variable. 

One point (here small square) stands for one case. 

What does the graph tell us? 

• the range of the variables (their min and max value) on the two axes 

• the tendencies of the relationship (or lack of thereof, its direction and shape!) 

• the presence or lack of extreme cases 

To characterise the relationship we need to decide if we can see any relationship between the two variables 

according to their joined distribution 

Let‟s revise what makes a variable dependent or independent in a relationship! 

For low measurement level variables: 

• There is a relationship between the two variables if the distribution of the dependent variable is different in 

various categories of the independent variable 

• If the two variables are independent of each other, the distribution of one does not vary according to the 

categories of the other 

Note: Dependence is always symmetrical, so reversing the roles of dependent and independent variable mustn‟t 

change the fact of there being a relationship between them 

The definition of independence for high measurement level variables: 

• The conditional distribution of the dependent variable (its distribution if the independent variable takes a 

specific value) is the same regardless the independent variable as a condition 

• Less precisely: the dependent variable will take the same value for all the values of the independent variable 

If we revisit the graph about age against income, can we tell if the two variables are independent? 
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What if we disregard the income categories 150 000+ and 0. 

 

Now it‟s more obvious that they‟re not independent. How could we describe their relationship? 

4. Linear relationship 

Introductory definition: 

• The relationship between two high measurement level variables is linear if by increasing the independent 

variable by one unit the value of the dependent variable is expected to change in the same extent and direction 

in all the cases. 

• The relationship between two high measurement level variables can be described by the line (and its 

properties) its values define 

What line do the values define in the graph below? 

 

The line can be characterised by two parameters: 

1.  steepness 

2.  where does it intercept Axis y 

The general equation for a straight line: 

y = a + bx 

where 

a the point where the line intercepts Axis y (the value of y when x=0) (intercept) 
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b the steepness of the line (stepping one unit on Axis x means stepping how much on y) 

Steepness 

It describes the direction and extent of the relationship: 

• If it‟s negative, the relationship is reverse (the higher the independent, the lower the dependent variable) 

• if it‟s positive, the relationship is straightforward 

• if it‟s 0, the two are independent 

• its absolute value describes the strength of the relationship 

 

 

Even though the input data were the same, we got different values for (b), indicating the strength. The only 

difference was in the unit of measurement applied. Conclusion: the value of (b) depends on the unit of 

measurement used for both variables 

Thus if we were to compare the strength of the relationship using different sources (e.g. data from different 

countries), we need to consider the units of measurement concerned. The same goes for comparing the effect of 

several different independent variables on a given dependent variable (e.g. if we want to know whether income 

is more affected by age than the number of years spent in education). 

Similarly, (b) depends on standard deviation. 

4.1. The intercept 

It‟s easy to see that if the independent variable is 0, the dependent variable shows the value of the dependent on 

condition the independent equals 0. 
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Is this of any use in social science? It depends on the variables in question. The intercept makes no sense when 

looking at income and age, because we can‟t sensibly assign an income value to age 0. However, this is not 

always the case. 

Revision: 

What can we say about the relationship between age and income so far? 

5. Non-linear relationship 

Another way to present the relationship between age and income 

 

We fitted a curve to the joined distribution, which helps us evaluate the data and the relationship‟s direction and 

shape. 

Thus the relationship looks like this: 

• between 18 and 50 income shows a steady increase 

• between 50 and 60 it shows a steady dicrease 

• over 60 there seems to be no correlation 

6. Deterministic vs stochastic relationship 

You can also describe a relationship by telling whether it is 

• like a function or 

• only predictable with some extent of certainty 

Example: 



 Lecture 9: Associational 

indexes:high level of measurement 
 

 99  
Created by XMLmind XSL-FO Converter. 

 

 

(These data are fictitious but they were generated on the basis of those presented above) 

• if the relationship is deterministic, the strength of the relationship (the steepness) and the value of the 

independent variable yields the exact value of the dependent variable 

• if it‟s stochastic, we can only give its most probable value 

• deterministic relationships are also called function-like 

Which type is more typical in social science? 

Summary 

• we can describe the relationship between two high measurement level variables 

• but we can‟t give its exact strength and direction 

• so how can we draw the line defined by the values? 

• by describing the relationship between two high measurement level variables using one single number 

7. Linear regression 

We have to minimise the distance between the points representing the data and the straight line we want to 

define. 

One way to do that is the Least Squares Method: we minimise the square of the distance along the dependent 

variable. 
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We could use other methods, but this one is the most widespread. 

The procedure of finding the straight line with the smallest square difference from the data is called linear 

regression. 

Illustration: 
 

year rate of unemployment 

(active % of economy) 

crime rate 

(for 100 thousand) 

1999 7 5009 

2000 6,4 4496 

2001 5,7 4571 

2002 5,8 4135 

2003 5,9 4076 

2004 6,1 4140 

2005 7,2 4323 

2006 7,5 4227 

2007 7,4 4241 

2008 7,8 4066 

2009 10,0 3928 

Source: KSH and Belügyminisztérium 

 

The red circles are the data, the black line is the regression line, which was generated by minimising the square 

of the distance between the circles and the line measured against Axis y 

The procedure can be described by the regression equation as follows: 

=a+bx 

where 

a, b are the regression coefficients 

 is the regression estimate for the dependent variable 
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When giving a and b, we want to minimise the following: 
 

 (9.1) 

which can happen, if 
 

 

(9.2) 

 

 (9.3) 

where 

 is the covariance of the two variables (more on this later) 

 the variance of the independent variable 

For unemployment and crime, we get the following: 

a = 4848 

b = - 79,62 

Interpretation: 

• b means that increasing unemployment by 1 percentage point produces a 79.62 drop in the crime rate 

• a means that if the unemployment rate is 0, crime rate would be 4848 for 100 000 

Note: the coefficients of linear regression are asymmetrical indices 

8. Characteristics of b 

• asymmetric associational index 

• whether it‟s positive or negative shows the direction of the relationship 

• its value also depends on the unit of measurement used for the variables 

• if the variables are independent, it‟s value is 0 

The extent of the fit is r2 (determinational coefficient) 

Apart from estimating the regressional coefficients, it‟s also important to decide to what extent the line fits the 

data. One characteristic of this is square error of the estimate: 
 

 (9.4) 

A more widespread index is the determinational coefficient, which is the characteristic index of the error-

diminishing effect of the estimate: 
 

 
(9.5) 

Characteristics of r2 

• its value is between 0 and 1 
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• it shows how large part of the variance of the dependent variable was explained by its relationship with the 

independent variable 

9. Covariance, Pearson’s correlation 

Covariance can also be used to describe the relationship between high measurement level variables: 
 

 
(9.6) 

Properties of covariance: 

• it describes the joined or reverse changing of two variables 

• it‟s a symmetric index 

• its range depends on the standard deviation of the variables (it‟s a raw index) 

• the ‟bad thing about it‟ is that its value depends on the standard deviation of the variables, thus the results are 

difficult to compare 

Covariance can be used to create another index: Pearson‟s correlation: 
 

 
(9.7) 

where 

Sx,Sy are the standard deviations of the variables 

Properties: 

• it is between -1 and 1 

• it‟s a symmetrical index 

10. When shall not we use correlation and linear 
regression? 

• when the relationship is not linear (as seen below) 
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In this graph the dependent variable obviously depends on the independent variable, yet linear regression 

would yield results similar to a case of independence. The reason is that the relationship is non-linear. The 

simplest thing to do in this case is to split up the independent variable into two parts where the relationship is 

close to linear. (0-50 and 50-100, in the above example). 

• if there are extreme cases in the sample 

 

In the above example 10 cases show independence, but one case is an odd one out, with both the dependent 

and the independent variables having extreme values. Thus the result of linear regression will show that 

there‟s a strong relationship, while in 90% of our cases there‟s no relationship whatsoever. 

What we can do is to ignore the (few) extreme cases, after analysing their other properties to find out what 

makes them so extreme. After this, linear regression is supposed to yield reliable results. Warning: we can 

only ignore a small number of cases (not more than about 10%) because that might lure us into creating an 

explanation just to endorse our preliminary hypothesis. 

Advice: for high measurement level variables always make a scatterplot to give you a first impression of the 

data. 

Important 

Linear regression has got some mathematical and statistical prerequisites. Suffice it to say here that the 

dependent variable must follow normal distribution and the standard deviation of the dependent variable must 

not depend on the value of the independent variable. These must always be checked before doing linear 

regression. 

Let‟s check the conditions of doing linear regression in our data for age and income 

 

The graph tells us that 

• the curve suggests non-linear relationship 

• the standard deviation of income increases until middle age and subsequently decreases 
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• there are some highly extreme cases 

• moreover, income doesn‟t follow the normal distribution (the graph doesn‟t actually show this) 

The correct procedure would be to normalise the distribution of the income, to split up the age data and look at 

the relationship in different age groups. 

Some more notes on regression 

• watch out for the unit of measurement 

• several variables can be used as independent variables 

11. Summary 

terms: 

• scatterplot 

• deterministic / stochastic relationship 

• linear relationship 

• non-linear relationship 

• linear regression 

Associational indices for high measurement level variables: 

Regression b 

(asymmetric, 0 if variables are independent, shows direction, depends on SD) 

Determinational coefficient (r2) 

(symmetric, 0 if variables are independent, doesn‟t show direction, doesn‟t depend on SD) 

Covariance 

(symmetric, 0 if variables are independent, shows direction, depends on SD) 

Pearson’s correlation 

(symmetric, between -1 and +1;  0, in the cas of independency, doesn‟t depend on SDs) 
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10. fejezet - Lecture 10: Distributions 

Contents 

Normal distribution 

Lognormal distribution 

1. Normal distribution 

Introduction 

So far a lot has been said about the distribution of variables, its graphical representation, characteristics, central 

tendency markers and standard deviation. All the distributions seen so far have been empirical distributions. 

Now we shall look at a theoretical distribution. 

Theoretical distributions are based not on a set of actual data, but some kind of theoretical consideration or 

function. They can be useful because many empirical distributions approach one of the theoretical ones. 

Some examples to remind us of the distribution types. The data in this section come from the four-item unit to 

measure xenophobia in the ISSP 1995 survey. 
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All the five graphs have one thing in common: they approach a theoretical distribution called normal 

distribution. Normal distribution can also be described by its central tendency indicators and standard deviation 

and can be graphically represented. Its advantage over empirical distributions is that its mathematical 

characteristics are exactly described, so they can be used to characterise the variables whose distribution 

approaches normal. 

Let‟s see to what extent the above examples approach normal distribution. 
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As can be seen, they more or less fit the normal distribution curve. 

The characteristics of normal distribution 

 

A normal distribution can be characterised using its mean and standard deviation. Unlike empirical distibutions, 

a normal distribution can be perfectly defined using these two indices, so the entire curve can be reproduced 

relying on these two pieces of information. 

Notation: 

N (mean, standard deviation) 

here: N (0,1) 

What can be said about the mode and the median of normal distribution? 

Another typical feature is that the normal distribution is not skewed and it‟s symmetrical about the mean 

(explain). Its shape is often likened to a bell, hence the name ‟bell curve‟. 

The area under the curve 

Consider a normal distribution whose mean=0 and SD=1. What does the are painted blue represent? 
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The blue area represents the number/percentage of cases between -2 and -1. In the present case we chose the 

measurement unit for axis y so that the area under the whole curve is 1, thus each area to go with an interval 

gives the percentage of the cases between the two given values. 

Consider the following graph. What kind of conclusion can be drawn from the fact that the curve is 

symmetrical? 

 

Because the curve is symmetrical, any two intervals of the same breadth at the same distance from the mean 

have the same number/percent of cases belonging to them. 

1.1. Transformation (standardisation): how to arrive at any other 
normal distribution from the standard normal distribution or vice 
versa. 

So far we have been looking at normal distributions with mean=0 and SD=1. This type of normal distribution is 

called standard normal distribution. 

The graph above shows how we can arrive at any type of normal distribution from the standard normal 

distribution. 

E.g.: Let‟s create the normal distribution where mean=1 and SD=2 

 

Procedure: 

0. Take the standard normal distribution (blue line) 

1. Multiply all the values of the variable by the SD given (purple line, where the mean is still 0, while the SD is 

exactly as required) 
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2. Add to each value the mean given (yellow line, the curve whose mean is 1 and whose SD is 2) 

 

Usually we come across the reverse of this operation: we transform any odd normal distribution to a standard 

one. This procedure is called standardization and the values we get are called z values. The above procedure is 

reversed: 

1. Take a normal distribution curve (or a variable with a normal distribution) 

2. Subtract the mean, which thus becomes 0. 

3. Divide by the SD, which thus becomes 1. 

When do we use the standardization in practice? 

As we saw in the previous lecture, the value of the regression coefficient depended on the unit of easurement 

used. However, if we standardize the variables, this is no longer true. 

Note: the computer performs this operation when it is doing the regression, the b value given is called Beta and 

is called standardized regression coefficient 

How to intepret the value of the standardized variable? 

As the above example shows, we can standardize not only the theoretical distribution but also the variables that 

we assume follow (or approach) a normal distribution. 

Let‟s see the standardized version of the xenophobia variable used earlier. 

What does it mean to have a z score 1.5 for xenophobia? 



 Lecture 10: Distributions  

 111  
Created by XMLmind XSL-FO Converter. 

 

It means the given person is 1.5 SD away from the mean of xenophobia in the given sample. 

Note 1: the graph is visibly different, due to the fact that SPSS program creates its own percentiles used for the 

bar chart. 

Note 2: we can use the characteristics of normal distribution to interpret the standardized variable (if its 

distribution is normal) a bit like the way we use centimeter and meter as units of measurement. 

1.2. The Standard Normal Distribution Table and how to use it – 
percentages. 

How to calculate in a specific curve how many or what percentage of cases there are in a given interval? This is 

what the Standard Normal Distribution Table is for. 

Note: to spare space, the table makes use of the symmetry of the bell curve, containing no negative values. The 

percentages to go with the negative values are arrived at the following way: 

F(x) = 1 − F(−x) 

Why is this so? (consider the symmetry and the are under the curve) 

Let‟s find out how many cases there are in the following intervals in a standard normal distribution: 

Intervals: 
 

0 1 

-1 0 

0,5 1 

-1,5 -1 

Let‟s calculate the proportions for other normal distributions: 

N(1,2) 
 

0 1 

Procedure (this is also, in fact, standardization) 

1. We subtract the mean from both extreme values of the interval (here: -1,0) 

2. Divide the values we get by the SD (here: -0,5, 0) 

3. Let‟s find the interval in the Table (here: 1-0,691= and 0,5) 

Further examples: 
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N(1,3) 
 

0 1 

-1 1 

1.3. Lognormal distribution 

Lognormal distribution doesn‟t often occur in real life, but since the distribution of income usually follows this 

pattern, it‟s worth remembering. 

Lognormal distribution is when it‟s the logarithm of the values that shows normal distribution. 

E.g.: Self-declared income in Hungary in 1995 

 

 

How can we interpret the graph? 

What can we do if we want to use a procedure that requires normal distribution for income data? 

1.4. Normal distribution found in real life 

Variables of high (really high) measurement level often show normal distribution, but there are not too many of 

those around. 

Responses to attitude questions often show normal distribution. 

Almost all indices tend to have normal distribution. 

In general: the more composite index it is, the closer its distribution approaches normal. (This has to do with 

what mathematicians call the theorem of central limit distribution.) 
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11. fejezet - Lecture 11: Social 
indicators 

Contents 

Introduction 

Definitions and expectations 

Types of indicators and indicator systems 

Composite indices and the HDI (Human Development Index) 

Poverty and income inequality indices 

1. Introduction 

Why do we need social indicators? 

Where do we use these? 

How could we define ‟social indicator‟? 

So far we‟ve seen indices that characterised some type of mathematical property (distribution, mean, deviation, 

relationships between variables) and we tried to ascribe some kind of social meaning to these indicators. In this 

chapter it‟s vice versa: we shall see indices and indicators that do reflect some kind of a social scientific 

concept. 

2. Definitions and expectations 

Some classic definitions: 

‟Social indicators are parts of system that ranges from observation to prognosis, from planning to the evaluation 

of the outcomes‟ (Horn, 1993) 

"Social indicators are numeric facts about a society" (Hauser 1975) 

" Social indicators describe a social subsystem and serve as a tool for curiosity, understanding and action" 

(Stone 1975) 

(In: Bukodi, 2001) 

On the one hand, then, social indicators describe the state of a society and its subsystems, on the other hand they 

help set goals for intervention, and third, they help evaluate intervention. In Hungary, before 1989 planning was 

the main goal of using social indicators, after 2004 (the EU accession) the evaluating function has intensified 

significantly. 

Expectations for social indicators: 

• they should describe the relevant set of social phenomena – a wide range of phenomena are measurable, but 

financial and time constraints force us to concentrate only on the relevant ones 

• they should be easy to interpret: very complex indices might make the indicators difficult to make sense of 

• they should be able to capture processes and changes: social and technological changes make it difficult to 

measure certain phenomena in time – what items could we use to create an index for the distribution of non-

perishable goods for the past 100 years? It is therefore important that an index should have as long a recorded 

history as possible. 
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• they should be suitable for comparisons between countries and regions (different institutional structure, for 

instance, makes comparisons difficult, e.g. primary education covers various durations in different countries 

Expectations for social indicators (cont.): 

• they should describe the micro-level of individual welfare rather than social institutions (the first indicator 

systems would measure mostly institutions – individual-level studies are costly and might be too subjective) 

• they should measure the states and outcomes of the functioning of a society 

• they should attempt to capture both the objective and the subjective aspects of the phenomena they deal with 

– there can be significant difference between the interpretation of hard variables (e.g. income) and soft ones 

(such as subjective poverty) 

3. Types of indicators and indicator systems 

Types of indicators 

• Objective indicators describe the given phenomenon directly 

• One-variable objective indicator: simple raw indices, e.g. perinatal mortality 

• Multi-variable simple indicator: indicators that can be derived from a few other indicators. The most 

common examples are standardized indicators, e.g. per capita GDP 

• Multi-variable complex indicators that can be derived from a number of others, e.g. consumer goods price 

index 

• Proxy indicators: indicators that are indeed related to the sector in question but describe only one of its 

segments directly, while the experience is (and/or theory supports) that they can describe the whole sector 

rather reliably. E.g. perinatal mortality is often used as a proxy indicator of the development of the health care 

system in general 

Types of indicator systems 

History 

• UN Statistical Office, 1954 – the first attempt to describe the living standards of the population in a ‟Social 

Report‟ 

• Consideration: the social phenomena described as ‟living standards‟ can be broken down into components: 

• family, household, schooling, employment, health status 

• which, in turn, can be statistically analysed separately 

Component approach 

• A specific set of indices for each sector to give a general picture of the living standards, to provide 

information on basic changes in 

• demography, 

• labour force 

• incomes 

• consumption 

• transportation and 

• communication. 
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This is the earliest type of social indicator systems. It involves no theoretical model, its goal is purely 

descriptive. 

• the British system of indicators is the closest still used model: 

• Social Trends (Office for National Statistics, since 1970) 

• since 2010 only online 

• social and economical data from various government offices and other organisations 

• Topics 

• Health care 

• Education 

• Population 

• Lifestyle and involvement 

Data available in 2011 at the website of the Office for National Statistics (UK): 
 

Population 

Published 4 Dec 2009 

Households and families 

Published 4 Dec 2009 

Labour market 

Published 4 Dec 2009 

Housing 

Published 10 Feb 2011 

Transport 

Published 3 Feb 2011 

Lifestyles and social participation 

Published 27 Jan 2011 

Income and wealth 

Published 11 Nov 2010 

Expenditure 

Published 11 Nov 2010 

Education and training 

Published 2 July 2010 

Health 

Published 2 July 2010 

Environment 

Published 2 July 2010 

Crime and justice 

Published 2 July 2010 

Social protection 

Published 2 July 2010 

International comparisons 

Published 11 Nov 2010 

e-Society 

Published 11 Nov 2010 

Resource approach 

• How to give the most systematic description of the distribution of wellbeing of society 

• How to capture statistically the unequalities of access to resources 

• Aka: living standars approach 

The variables analysed in this paradigm come in two types 

• Resource variables: 

• economic (housing, wealth, income, savings, etc.) 

• education (schooling and qualifications), work environment 

• relationships, health status 

• Social group defining variables: 
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• the demographical dimension (gender, age groups, family structure) 

• the social class dimension (professional groups, employment sectors, economic sectors) 

• the dimension of social groups ‟at risk‟ (uneducated, permanently unemployed, young and unemployed, 

etc.) 

• the dimension of regions and settlement types 

• E.g.: Sweden 

4. ’Quality of Life’ approach 

Basic questions 

• Do objective circumstances give a reliable picture of social and individual welfare? 

• Should we analyse how these are individually perceived? 

• Through what mechanisms are the two connected? 

Objective and subjective evaluation 

People tend to perceive their status differently from the way it is described by objective indicators for various 

reasons: early experience and present-day context accounts for great individual differences in perception. 

The relationship of objective and subjective welfare 
 

Objective welfare Subjective welfare 

Good Good Poor 

Wellbeing Dissonance 

Poor Adaptation Deprivation 

Heinz et al. (in: Lengyel György) 

Adaptation can be the result of numerous factors including the similarly bad situation of the individual‟s social 

environment, or the individual‟s low expectations. 

Dissonance, in turn, can be brought about by the rapidly improving circumstances of those around the 

individual. 

Measuring the Quality of Life 

Measuring the quality of life is problematic because of the subjective factors. Therefore, these indicators 

comprise some of the subjective indices apart from objective ones. 

E.g.: 

• Subjective health status: How healthy do you feel (1-5) 

• Subjective financial status: place yourself on a scale where 1 stands for ‟very poor‟ and 10 stands for ‟very 

rich‟ 

5. Composite indices: Human Development Index 

• composite indices describe a complex characteristic of a society in one single number 
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• E.g.: Human Development Index, HDI 

• measured by a UN research team 

• uses a resource based approach 

• studying actual circumstances of individuals would partly be about preferences, so the actual status of a 

society is better described by its resources 

5.1. Calculating HDI: income 

1. the relative value of per capita real GDP: (W(a), GDP PPP) 

(theoretical range (amax - amin): 163-108 211 Mo. 2010: 17 472 USD) 
 

 
(11.1) 

where a stands for the real per capita GDP of the given country 

5.2. Calculating HDI: life expectancy 

2. the relative value of at birth life expectancy (W(b)) 

(theoretical range (bmin - bmax): 20-83,2 Mo. 2010:73,9) 
 

 
(11.2) 

where b stands for the at birth life expectancy in the given country 

5.3. Calculating HDI: education 

3. the relative value of the exponential value of the relative proportion of the following: the relative proportion 

of the schooling years of adults (Hungary, 2010 : 11,7) (max-min: 13,2-0), (A(c)) and the relative proportion of 

the expected schooling years of children (Hungary, 2010: 15,3) (max-min: 20,6-0) (G(d)) (education index 

(E(c,d)). 
 

 
(11.3) 

 

 
(11.4) 

5.4. Calculating the complete HDI 
 

 (11.5) 

5.5. HDI in some countries in 2010 

 

6. Some income distribution and poverty indices 
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- one of the most important type of resource indices 

Problems of measuring income: 

- the problem of calculating per capita income (household size and expenses do not show a steady increase) 

- fluctuation in income, inflation 

The indicators below are objective and relative and show the income distribution of the given group. 

The indices of income distribution and their interpretation 

Decile boundary indices 

P10: the upper boundary of the lowest decile (% of median income) 

P90: the lower boundary of the uppermost decile (% of median income) 

P90/P10 

Why is it based on the median? 

What do P10 and P90 stand for? 

Typical examples: 
 

  
1987 1992 1996 2001 

P10 61 60 48 50 

P90 173 183 191 184 

P90/P10 2,81 3,07 3,95 3,68 

Interpret the data and the change. 

Total income indices 

S1: the proportion of the total income of those in the first decile within the total income 

Sn: the same for decile ‟n‟ 
 

  
1987 1992 1996 2000 

S1 4,5 3,8 3,2 3,3 

S5+S6 17,9 17,4 17,5 17,3 

S10 20,9 22,7 24,3 24,8 

S10/S1 4,6 6,0 7,5 7,7 

What do these indices tell us and how do they compare with P10, P90 and P90/P10? 

Complex index 

Éltető-Frigyes index: the ratio of the incomes above and below the mean 

Gini index: see above. 
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1987 1992 1996 2000 

Gini-index 0,244 0,266 0,3 0,304 

Éltető-Frigyes index 2,0 2,13 2,32 2,37 

6.1. Poverty indices 

The media uses a wide range of poverty indices but how can we safely define poverty? 

Problems: 

• relative vs absolute poverty – poverty threshold: poverty measured against a social norm (what is considered 

the minimum of living standards in the given society) vs one‟s own financial status compared with the rest of 

society 

• the homogeneity (or lack thereof) of ‟the poor‟ as a group – great disparities can exist within this group 

• the extent of poverty: the proportion of the poor in a society depends on our poverty definition 

Relative poverty indices 

Definitions of relative poverty threshold: 

• half of the median 

• half of the mean income 

• quintile boundary 

Poverty rate: the proportion of the poor in a society as defined by the given poverty threshold 

Data: 
 

  
1991/1992 1996/1997 2000/2001 

Poverty rate       

half of median 10,2 12,4 10,3 

half of mean 12,8 17,8 14,4 

quintile boundary 
20 20 20 

Poverty Gap Ration 

the average income of the poor given in percentage of the poverty threshold 

Data: 
 

Poverty threshold: 1991/1992 1996/1997 2000/2001 

half of median 31,3 32,6 26,8 

half of mean 33,2 31,1 27,3 
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quintile boundary 30,9 30,8 26,7 

Interpret this index. 

Poverty deficit 

the amount of money given in percentage of the total income of the non-poor that could raise the income of the 

poor to reach the poverty threshold 

Data: 
 

Poverty deficit: 1991/1992 1996/1997 2000/2001 

half of median 1,4 1,8 1,2 

half of mean 2,2 3,0 2,1 

quintile boundary 3,8 3,5 3,3 

Use the definition to interpret the data. 
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