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Chapter 1

Review of Basic Statistics

1.1 Common Terms

Before getting involved in the subject matter in detail, let us define some of the terms used
extensively in the field of statistics.

• Population: A statistical population consists of all objects under study. The total
number of objects in a population is called population size (N).

• Sample: A sample is the subset of a population. The number of objects in a sample is
also called sample size (n).

Example 1.1. For each of the following situations, identify the population and the sample.

1. A study of 300 households in Addis Ababa city administration showed that 99% of them
have comprehensive knowledge of HIV/AIDS.

• Population: All households in Addis Ababa city administration.

• Sample: The 300 households in Addis Ababa city administration.
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2. A study of 250 patients admitted to St. Paul’s Hospital during the past year revealed
that, on the average, the patients lived 150 kms away from the hospital.

• Population: All patients admitted to St. Paul’s Hospital during the past year.

• Sample: The 250 patients admitted to St. Paul’s Hospital during the past year.

• Datum: Datum is an observed value representing one or more characteristics of an
object. It is also known as an observation or an item or a case or a unit.

– The height of an individual: 1.72m.

– The height and age of a person given as: 1.65m, 27yrs.

• Data: Data is a collection of observed values (observations or cases) of some objects.

– The heights of two individuals: 1.72m, 1.69m.

– The height and age of two persons: (1.65m, 27yrs), (1.79m, 35yrs).

1.2 Classification of Statistics

Based on the scope of the decision, statistics can be classified into two; descriptive and
inferential statistics.

1.2.1 Descriptive Statistics

Descriptive statistics is concerned with organizing and summarizing the most important fea-
tures of the collected data without going beyond the data itself. That is, descriptive statistics
describes only the data that we have, without attempting to conclude anything that goes
beyond the data. It includes the methods of data organization like classification, tabulation
and frequency distributions; methods of data presentation like diagrammatic and graphical
displays; and certain indicators of data like measures of central tendency and measures of
variation.

1.2.2 Inferential Statistics

Inferential statistics is concerned with drawing statistically valid conclusions about the char-
acteristics of the population based on the results obtained from the sample. In this form of
statistical analysis, descriptive statistics is linked with probability theory in order to general-
ize the results of the sample to the population. Performing hypothesis testing, determining
relationships between characteristics and making predictions (forecasting) are also inferential
statistics.

Example 1.2. Suppose a researcher is interested to know the average mark of a certain class
in ”Statistics” course. From a class of size 150, s/he took a random sample of 9 students and
gave them an exam out of 100. Then, s/he got the average score 76. Consider the following
statements.

• The average score of the 9 selected students is 76.

• The average score of the class is 76.

2
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Example 1.3. We want to compare the average mark of boys and girls. Suppose we took a
random sample of 7 boys of the total 85 boys and 6 girls of the total 60 girls, and gave them
all the same exam. The average score of the 7 boys became 87 and that of the 6 girls became
92. Consider the following statements.

• The average score of the 7 boys is lower than that of the 6 girls.

• The 6 selected girls did better than the 7 selected boys.

• Girls did better in the exam than boys.

Exercise 1.1. Classify each of the following statements as descriptive or inferential statistics.

1. The average age of the students in this class is 21 years.

2. There is a strong association between smoking and lung cancer.

3. The price of wheat will be increased by 5% in the coming year.

4. Of the students enrolled in St.PHMMC this year, 74% are female and 26% are male.

5. The chance of winning the Ethiopian National Lottery in any day is 1 out of 167000.

1.3 Variables

A variable is a characteristic or an attribute that can assume different values. For example:
height, family size, gender, marital status · · · .

1.3.1 Types of Variables: Quantitative vs Qualitative

Based on the values that variables assume, variables can be classified as quantitative or
qualitative (categorical).

• Quantitative variables: Quantitative variables are those variables which assume nu-
meric values. These variables are numeric in nature. Height and family size are examples
of quantitative variables.

Quantitative variables are again further classified into two; discrete and continuous
variables.

– Discrete variables: Discrete variables are those variables that assume a countable
number of distinct and recognizable whole number values. Family size, number of
children in a family, number of cars at the traffic light, · · · are some examples
of discrete variables. Discrete variables can assume a finite number of possible
values or an infinite countable number of values. The values of these variables are
obtained by counting (0, 1, 2, · · · ).

– Continuous variables: Continuous variables can take any value including deci-
mals. These variables theoretically assume an infinite number of possible values.
Their values are obtained by measuring. Examples of continuous variables are
height, weight, time, temperature, · · ·

3
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• Qualitative variables: Qualitative variables are, on the other hand, those variables
that assume non-numeric values called categories or levels or groups. For example,
gender is a qualitative variable with two categories (levels): male and female. Marital
status is also qualitative with, say, four categories: single, married, divorced, other.

Based on the number of values that qualitative variables assume, they can be classified
as binary (dichotomous) or multinomial (polytomous).

– Binary variables: Binary variables often consist of ’either-or ’ type responses.
That is, these variables have only two categories (levels). For example, gender,
exam result of a student (pass, fail), smoking (smoker, non-smoker)are binary
variables.

– Multinomial variables: Multinomial variables are those qualitative variables
with three or more categories. For example, blood type (A, B, AB, O), marital
status (single, married, divorced, other), religion (orthodox, muslim, protestant,
· · · ), color (blue, red, green, black, · · · ) are multinomial variables.

Example 1.4. Classify each of the following variable as qualitative or quantitative and if it
is quantitative classify as discrete or continuous.

1. Color of automobiles in a dealer’s show room

2. Age of patients seen in a dental clinic

3. Number of seats in a movie theater

4. Blood pressure of a patient

5. The distance between a hospital to a house

6. Classification of patients based on nursing care needed (complete, partial, safers)

7. Temperature in the class room

8. Number of tomatoes on each plant on a field

9. Weight of newly born babies in a hospital during a year

10. Number of heart attacks

11. Temperature (very cold, cold, hot, very hot).

12. Heart rate

13. Cholesterol level

1.3.2 Measurement Scales: Nominal, Ordinal, Interval and Ratio

Consider the following two cases.

Case 1:

• Mr A wears 5 when he plays foot ball.

4
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• Mr B wears 6 when he plays foot ball.

Who plays better? What is the average t-shirt number?

Case 2:

• Mr A scored 5 in Stat quiz.

• Mr B scored 6 in Stat quiz.

Who did better? What is the average score?

Based on the number on the t-shirts, it is not possible to judge whether Mr B plays better.
But, by using the test score, it is possible to judge that Mr B did better in the exam. Also
it not possible to find the average t-shirt numbers because the numbers on the t-shirts are
simply codes but it is possible to obtain the average test score.

In general, a scale of measurement shows the amount of information contained in the value
of a variable, and what mathematical operations and statistical analysis are permissible to be
done on the values of the variable. There are four levels of measurement. These levels, from
the weakest to the strongest, in order are: nominal, ordinal, interval and ratio.

1. Nominal variables: Nominal variables are qualitative variables which show classi-
fication of individuals into mutually exclusive (non-overlapping) and exhaustive cate-
gories without any associated ranking. For example; gender, religion, ethnicity, eye
color (black, brown, etc), · · · are nominal variables. Numbers may be assigned to the
categories of these variables for coding purposes. But, it is not possible to compare
individuals based on the numbers assigned to the categories. The only mathematical
operation permissible on these variables is counting.

2. Ordinal variables: Ordinal variables are also qualitative variables whose values can be
ordered and ranked. However, the ranks only indicate as to which category greater or
better but there is no precise difference between the categories of the variable. Example:
grade scores (A, B, C, D, F), academic qualifications (B.Sc., M.Sc., Ph.D.), strength
(very weak, week, strong, very strong), health status (very sick, sick, cured), strength
of opinions in likert scales (strongly agree, agree, neutral, disagree, strongly disagree)

3. Interval variables: Interval variables are quantitative variables and identify not only
as to which category is greater or better but also by how much. It is the stronger form
of measurement but, there is no true (absolute) zero. Zero indicates low than empty.
Examples: temperature, 0 ◦C does not mean there is no temperature but, rather, it
is too cold. Similarly, if a student scores 0 in a certain course, it does not mean the
student has no knowledge in the course at all.

4. Ratio variables: These scales are the highest form of measurements. Ratio variables
are quantitative variables but, unlike the interval variables, zero shows absence of a
characteristic. All mathematical operations are allowed to be operated on the values of
these variables. Examples: height, weight, income, expenditure, consumption,· · · .

Summary:

5
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• All quantitative variables are either interval or ratio scales where as all qualitative
variables are either nominal or ordinal scales.

• Most statistical analyses do not distinguish interval and ratio scale variables. As a
result, in most practical aspects, they are grouped under metric (scale) variables.

• If a characteristic has only one value in a particular study it is not a variable; it is a
constant.

– Thus, marital status is not a variable if all participants are married.

– Gender is not a variable if all participants in a study are female.

1.3.3 Role of Variables: Dependent vs Independent

Based on the role of variables in a statistical analysis, variables can be classified as dependent
or independent variables.

• A dependent variable is a variable, that is, of primary interest to be determined as an
outcome. For example, the outcome of a certain treatment or the educational achieve-
ment level can be considered dependent variables. The terms outcome, response and
dependent are used interchangeably.

• An independent variable is a variable to be used to determine the dependent variable.
It is also called a factor, an exposure, a predictor or a covariate. There are two types of
independent variables: attribute (measured) and active (manipulated) variables.

– An attribute independent variable is a variable whose values are preexisting at-
tributes of objects under study. The values of such a variable cannot be systemati-
cally changed or manipulated. For example, education, sex, socio-economic status,
· · · .

– An active independent variables can be experimentally manipulated. Such an
active independent variable is a necessary (but not sufficient) condition to make
cause-and-effect conclusions. For example, a researcher might investigate a new
kind of therapy compared to the traditional treatment (the treatment group each
person is assigned to). A second example could be a design to evaluate the effect

6
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of different fertilizers on crop yields. A third example might be to study the effect
of a new teaching method, such as cooperative learning, on student performance.
Studies with active independent variables are experimental studies.

Even though a statistical analysis does not differentiate whether the independent vari-
able is an attribute or active, there is a crucial difference in interpretation. For scientific
researches in applied disciplines, the need to demonstrate that a given intervention or
treatment causes change in behaviour or performance is extremely important. Only the
approaches that have an active independent variable can provide data that allow one
to infer that the independent variable caused the change or difference in the dependent
variable. In contrast, a significant difference between or among persons with different
values of an attribute independent variable should not lead one to conclude that the
attribute independent variable caused the dependent variable to change.

In choosing a statistical method/model, there are some questions to be considered: What is
the research question/objective of the study? What are the variables to be included in the
data? What is the type of each variable? Every research has at least one outcome (depen-
dent) variable. Thus, the dependent and independent variables should be identified.

Based on the type and role of variables, the common statistical methods are shown in the
following table.

Dependent Variable Independent Variable Method

Continuous Binary t test
Continuous Multinomial ANOVA
Continuous Quantitative/Categorical/Both Linear Regression
Categorical Categorical χ2 test
Binary Quantitative/Categorical/Both Binary Logistic Regression
Multinomial Quantitative/Categorical/Both Multinomial Logistic Regression
Ordinal Quantitative/Categorical/Both Ordinal Logistic Regression
Discrete Quantitative/Categorical/Both Poisson Regression

• Note: For correlation and χ2 test, there is no need to differentiate variables as dependent
and independent.

Exercise 1.2. For each of the following objectives of a statistical investigation, identify the
dependent and independent variables.

1. The effect of gender on blood pressure.

2. The effect of age on hypertension.

3. The effect of gender on hypertension.

4. Comparing the number of sexual partners between urban and rural resident women.

5. Investigating the effectiveness of a new therapy compared to the traditional treatment.

6. Evaluating the effect of different fertilizers on crop yields.

7. Comparing the blood pressure of male and female individuals.

7
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8. Studying the effect of a new teaching method, such as cooperative learning, on student
performance.

9. The effect of age (classified as < 18, 18 − 24, 25 − 34, 35 − 64 and > 65 years) on
hypertension.

1.4 Rules of Coding Variables

Coding is the process of assigning numbers to the categories (levels) of a qualitative (cate-
gorical) variable. All codes (data values) should be numeric. Even though, it is possible to
use letters or words as codes, it is not desirable to do with most statistical software packages.
Also, all codes for a variable must be mutually exclusive. That is, two or more categories of a
variable should not have the same code. Below are some rules of coding a binary, multinomial
and ordinal variables.

1.4.1 Coding Binary Variables

For a binary variable, the two levels can be represented by any two numbers that are separated
by one: 0 and 1, 1 and 2, 0 and -1, etc. For example, gender may be coded as 1 for males
and 2 for females.

Variable Value Value Label

Gender
1 Male
2 Female

The sign of the parameter estimate may change depending on whether the higher value is
assigned for the Male or Female category. But the parameter estimate and significance level
will be the same. However, the parameter estimate will be different if there is more than one
point between the two codes. For example, coding schemes like +1 and -1 will give a different
result because there is more than one unit between the two values.

1.4.2 Coding Nominal Variables

The actual values taken on by nominal variables are irrelevant. The starting category for
coding of a nominal variable is arbitrary. For example, if occupation has four categories, it
can be coded as

Variable Value Value Label

Occupation

0 Government Employee
1 NGO Employee
2 Private Employee
3 Other

or

Variable Value Value Label

Occupation

2 Government Employee
3 NGO Employee
1 Private Employee
4 Other

8
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Nominal independent variables are included in a statistical model in the form of multiple
binary (called dummy) variables (will be discussed later).

1.4.3 Coding Ordinal Variables

The actual values of the levels of ordinal variables are irrelevant so long as the numeric
difference between the levels is one unit. For example, it does not matter whether a 5-level
ordinal variable (very dissatisfied, dissatisfied, neutral, satisfied, very satisfied) is coded as 0,
1, 2, 3, 4, or 1, 2, 3, 4, 5 or 9, 10, 11, 12, 13. It is better to use higher values for the higher
categories (”agree”, ”good” or ”positive” end) of an ordinal variable.

Variable Value Value Label

Satisfaction level

1 Very dissatisfied
2 Dissatisfied
3 Neutral
4 Satisfied
5 Very satisfied

Some codings might use 1 for ”strongly agree” and 5 for ”strongly disagree” which would
matter the interpretation of the result. This is not wrong as long as we are clear and consistent.
For example, if education level has, say, 4 categories: no education, primary, secondary and
tertiary education, it can be coded as:

Variable Value Value Label

Education

0 Tertiary Education
1 Secondary Education
2 Primary Education
3 No Education

Here, we have to remember an increase in the codes indicates a decrease in the education
level. However, we are less likely to get confused when interpreting the results if high values
have positive meaning.

9



Chapter 2

Introduction to SPSS

SPSS was originally developed for conducting statistical analysis in the field of social sciences
only and the abbreviation SPSS was used for ”Statistical Package for the Social Sciences”.
But, the current development of the software is applicable for a variety of disciplines that
stands for change to ”Statistical Product and Service Solutions”.

2.1 Exploring SPSS

To open SPSS, click on the Start → IBM SPSS Statistics 20. Then, the main SPSS
interface looks the following.

In the main interface, the Title bar displays the name of the opened data file if any, or
”Untitled1[DataSet0]” if empty or if the file has not yet been saved. Next, the Menu bar lists
different pull down menus which provides easy access to most SPSS features. Also, the Status
bar at the bottom of each SPSS window tells what SPSS is currently doing. Typical messages
one will see are ”IBM SPSS Statistics Processor is ready”, ”Running procedure. . .”.

10
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Of the several windows that can be opened when using SPSS, the three common windows are
the Data Editor Window, the Output Window and the Chart Editor Window.

• The Output (Viewer) Window: The Output window displays the statistical results,
tables, and charts from the analysis performed. An output window opens automatically
when a procedure that generates output is run. In the output window, the results can
be edited, moved, deleted and copied in a Microsoft Explorer like environment. This
window is not accessible until output has been generated. A file with an extension of
.spo is assumed to be a Viewer file containing statistical results and graphs.

• The Chart Editor Window: The Chart Editor window is only displayed after SPSS
has been requested to produce a plot (chart). In this window, the plots can be edited,
i.e., the colors can be changed, different type fonts or sizes can be selected, axes can be
rotated (switch the horizontal and vertical axes), the chart type can be changed and
the like.

2.2 The Data Editor Window

The Data Editor window opens automatically when SPSS is started. It is a spreadsheet in
which the variables are to be defined and the data are to be entered. Each row corresponds
to a case or an observation while each column represents a variable. There is no limit to the
number of variables and/or cases that can be used.

Notice, the Data Editor window has two sheets, labelled at the bottom Data View and
Variable View. The Data View sheet shows the data just as an Excel worksheet does.
The Variable View is used define each variable in the dataset (defining variables in SPSS is
described in detail in Section 2.2.1), that is, the Variable View sheet contains the definitions
of each variable in the dataset. Now to open the Variable View sheet, just click on the
Variable View tab. Then, the sheet looks:

11
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While the variables are listed as columns in the Data View sheet, they are listed as rows
in the Variable View. In the Variable View, each row is a variable, each column is an
attribute (characteristic) associated with that variable.

2.2.1 The Variables View Sheet

The Variable View sheet is used create variable names and define the attributes of each
variable. The entries of this sheet are:

• Name - Variable names can be up to 64 characters, always beginning with a letter and
not end with a period. They can contain numbers (also @, #, and $ characters) but no
funny characters like spaces/blanks/hyphens or special characters. It does not matter
if a variable is called WEIGHT, weight, or WEiGhT since variable names are not case
sensitive. But, they must be unique.

• Type - It indicates what type the variable is. There are several variable types in SPSS.
The most common are described below.

– Numeric: A variable whose values are numbers. The Data Editor accepts numeric
values both in standard format and scientific notation.

– Comma: A numeric variable whose values are displayed with commas delimiting
every three places, and with the period as a decimal delimiter, example 76,721.05.
The Data Editor accepts numeric values for comma variables with or without
commas; or in scientific notation.

– Dot: A numeric variable whose values are displayed with periods delimiting every
three places, and with the comma as a decimal delimiter, example 76.721,05. The
Data Editor accepts numeric values for dot variables with or without dots; or in
scientific notation.

– Scientific notation: A numeric variable whose values are displayed with an em-
bedded E and a signed power-of-ten exponent. The Data Editor accepts numeric
values for such variables with or without an exponent. The exponent is preceded
by E, for example, 123, 1.23E2 or 1.23E+2.

– Date: A numeric variable whose values are displayed in one of several calendar
date. Dates can be entered with slashes, hyphens, periods, commas, or blank
spaces as delimiters.

– String: Some numbers are not really numbers. That is, they are numbers but we
cannot use them in mathematical calculations. Take a phone number, for example,
or an account number or a postal code. We can sort them, but we cannot add or
subtract or multiply them. Well, we could, but the result would be meaningless.
In essence, these numbers are actually just text which happens to be numeric. A
good example is the recent plate number of cars in Ethiopia, which contains both
numbers and text. We refer to these variables as string (text) or alphanumeric.
Uppercase and lowercase letters are considered distinct.

• Width - The numerical entry in this box gives how many spaces the entries in the
Data View will be for this variable.
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• Decimals - For numeric data, this entry gives how many decimal places will be shown
for this variable in the Data View.

• Label - It stands for a descriptive title for the variable.

• Values - This is used to specify a label for each numerical value of a categorical variable.

• Missing - This allows us to specify which values for a variable indicate missing data.
Blanks are recommended for missing values because SPSS is designed to handle blanks
as missing values and, by default, it assigns a period for them. However, sometimes
datasets we might receive use special numerical values (for example: 99, 999, 9999)
to indicate missing values. Hence, unless we tell SPSS that these values are codes for
missing, SPSS will treat them as actual data.

• Columns - The numerical value in this item gives how many spaces will be allocated
for the variable in the Data View. This is different from Width in that Width limits
the number of spaces for the actual number. Columns limits how many spaces will be
visible in the Data View.

• Align - This entry either left aligns, centers, or right aligns the entries for the variable.

• Measure - This indicates what measurement scale of variable is. The available measures
are scale, ordinal and nominal. A scale in SPSS is a quantitative variable.

2.2.2 The Data View Sheet

After defining the variables, the next task is to enter the data in the Data View sheet directly
from the questionnaires or data entry form. Remember that variables are listed as columns
in the Data View sheet while they are listed as rows in the Variable View.

2.3 Creating a New Dataset in SPSS

There are three steps that must be followed to create a new dataset in SPSS: defining variables
in the Variable View, entering the data in the Data View and saving the data in the hard
drive of our computer.

Example 2.1. Enter the following data: three variables (Weight, Sex and Marital Status
(1=Single, 2=Married, 3=Divorced, 4=Other)) with five observations.

Weight Sex Marital Status

60.0 M 1
58.5 F 2
53.0 F 3
56.5 M 2
70.0 M 4

13
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2.3.1 STEP 1: Defining Variables in the Variables View

Now note that Weight is a quantitative variable (numeric in nature). And Sex and Marital
Status are both qualitative. Sex will be treated as String. But since the categories of Marital
Status are coded, it will be treated as Numeric.

Having the above note in mind, first each variable should be defined with its characteristics
in the Variable View sheet. To start, open a new SPSS and go to the Variable View.
Then, on the first row, define the Weight variable as follows:

1. Write Wei standing for the Weight variable in the Name column.

2. Change the Type column to Numeric which is the default.

3. Change the Decimals column to 1.

4. In the Label column, write ”Weight of a Student”.

5. Change the Align column to Center.

6. In the Measure column, change it to Scale.

On the second row of the Variables View sheet, define Sex as follows.

1. Write the name Sex standing for the Sex variable in the Name column.

2. Change the Type column to String.

3. In the Label column, write ”Sex of a Student”.

4. Change the Align column to Center.

5. In the Measure column, change it to Nominal.

Similarly, define Marital Status in the third row of the Variables View sheet:

1. Write the name MarStat standing for Marital Status in the Name column.

2. Change the Type column to Numeric.

3. Change the Decimals column to 0 since there is no decimal place in the values.

4. In the Label column, write ”Marital Status”.

5. Change the Align column to Left.

6. In the Measure column, change it to Nominal.

Now the Variable View looks as follows.
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2.3.2 STEP 2: Entering the Data in the Data View

Once all of the variables are defined, the data can be entered manually in the Data View
sheet. Now go to the Data View which shows the variable names as the column names. It
looks like:

The data is then typed into one cell at a time. The information is entered into the cell when
the active cell is changed.

Note: Had we entered the data into the Data View prior to defining the variables, SPSS
assigned the default variable names VAR00001, VAR00002, VAR00003. To change the variable
names, click on the Variable View tab. Then change VAR00001 to Wei and similarly the
other two.

Creating Value Labels

It is nice to have the values of a categorical variable labeled with their meaning. For example,
Marital Status should have labeled as Single, Married, Divorced and Other rather than 1, 2, 3,
and 4.

To create a label for the MarStat variable, click on the Values column of the MarStat variable
in the Variable View sheet. Then the Value Labels dialogue box appears.
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Then,

• Type 1 in the Value field.

• Write Single in the Label field.

• Click the Add tab to have this label added to the list.

In a similar way, continue labeling until all the values are labeled. When all values are labeled,
the Value Labels window becomes:

Now click on OK. Then go back to the Data View and observe the difference.
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2.3.3 STEP 3: Saving the Data

To retain the current dataset, it must be saved to a file.

1. From the Menu bar, click on File → Save As.

2. In the Save Data As dialogue box, in the File name: field, write a data file name, say,
Student. Since, from the Save as type: drop-down list, the default extension is ’SPSS
Statistics (.sav)’, then SPSS by default saves the data file by adding the extension
.sav, that is, Student.sav.

3. From the Look in: drop-down list, select the location path where the file will be saved.

4. Then, click on the Save tab.

Now the Title bar looks:

The saved data file is Student.sav. Such a file with an extension of .sav is assumed to be an
SPSS data file for Windows format.

Exercise 2.1. Enter the following data in SPSS: height in meter, blood type (0=Type A,
1=Type B, 2=Type AB, 3=Type O) and gender (0=Male, 1=Female). Then save the data
using the file name Blood.

Height Blood Type Gender

1.55 1 0
1.6 0 1
1.72 1 0
1.5 2 1
1.85 3 0

2.4 Accessing Data Files

2.4.1 Opening an SPSS Data File

To open an SPSS data file,

1. From the Menu bar, click on File → Open → Data.
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2. In the Open Data dialogue box, from the Look in: drop-down list, select the location
path where the file is saved.

3. Of the list of data files, if any, click on the data file name to be opened, for example,
Student.sav.

4. Then, click on the Open tab.

2.4.2 Importing and Exporting Data

Data can be imported-from (read) and exported-to (saved) a number of different sources.
Some of the common data files SPSS supports are: excel data files: .xls, .xlsx; text files:
.txt, .csv; stata data files: .dta.

Example 2.2. Opening a non-SPSS data file: Let us open an excel data file, CD4.xlxs, into
SPSS.

1. From the Menu bar, click on File → Open → Data.

2. In the Open Data dialogue box, from the Files of type: drop-down list, select an
extension, ’Excel (.xls, .xlsx, .xlsm)’, (possibly ’All Files (*.*)’). If not changed,
SPSS automatically searches the default extension ’SPSS Statistics (.sav)’.

3. From the Look in: drop-down list, select the location path where the file is saved.

4. Of the list of data files, if any, click on the data file name to be opened, that is,
CD4.xlxs.

5. Click on the Open tab and then the OK tab.

Example 2.3. Saving into a different format: Let us save the Student.sav data in an excel
file. The procedure is as follows.

1. From the Menu bar, click on File → Save As.

2. In the Save Data As dialogue box, from the Save as type: drop-down list, select the
extension ’Excel 2007 through 2010 (.xlsx)’. If not changed, SPSS by default saves in
’SPSS Statistics (.sav)’ format.

3. From the Look in: drop-down list, select your preferred location path where the file
will be saved.

4. Then, in the File name: field, write a data file name, say, Stud.

5. Lastly, click on the Save tab.

Example 2.4. In the folder given to you, there is an SPSS data file named JUSH HAART. In
most of the illustrations in this training, we’ll use this data. The descriptions of the variables
are given below.

18



Basic Statistical Analysis Using SPSS c© October 2020 By: Awol S., E-mail: es.awol@gmail.com

Table 2.1: Variable Descriptions of the JUSH HAART data

Variable Name Variable Label Value Label

CardNum Patient’s Card Number

Age Age in Years

Sex Sex

Wei Weight in Kilograms

MarStat Marital Status 0=Never Married, 1=Married, 2=Di-
vorced, 3=Separated, 4=Widowed

EducLev Education Level 0=No Education, 1=Primary, 2=Sec-
ondary, 3=Tertiary

Emp Employment Condition 0=Full-time, 1=Part-time, 2=Not Work-
ing, 3=Unemployed

ClinStag Clinical Stage 1=Stage I, 2=Stage II, 3=Stage III,
4=Stage IV

FunStat Functional Status 0=Working, 1=Ambulatory, 2=Bedrid-
den

CD4 Number of CD4 Counts

Status Survival Outcome 0=Active, 1=Dead, 2=Transferred,
3=Lost-to-follow

Defaulter Dropped Out Patient 0=Active, 1=Defaulted

SurvTime Survival Time (Months)
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Chapter 3

Basic Data Management

Data management includes all activities associated with data other than the direct use of the
data. It takes place during all stages of a study which includes all aspects in planning the
data needs of the study (e.g., specifying the objectives of the study), designing data collection
sheets, data collection, data entry, data cleaning (validation and checking), data manipula-
tion, data analysis and interpretation, data files backup and data documentation. The two
main objectives of data management are to create a reliable database containing high quality
data, without introducing data processing errors1; and to manipulate and process the data
so as to make it ready for the required analysis.

Data processing errors are errors that occur after the data have been collected. Therefore,
after creating a new data file or opening an existing data file, it is typically essential to
examine the data and identify possible data processing problems (errors). Examples of data
processing errors include:

• Coding errors (e.g., groups of marital status gets improperly coded because of changes
in the coding scheme)

• Routing errors (e.g., the interviewer asks the wrong question or asks questions in the
wrong order)

• Consistency errors (contradictory responses, such as the reporting of a pregnancy after
the respondent has identified himself as a male)

• Range errors (responses outside of the range of plausible answers, such as a reported
age of 290)

• Duplicating errors (a single case might be entered accidentally more than once)

• Transpositions (e.g., 19 becomes 91 during data entry)

• Copying errors (e.g., 0 (zero) becomes O during data entry)

To prevent such data processing errors, the stage at which the errors occurred must be
identified and then the problem should be corrected. Some of the mechanisms are:

1This is distinct from measurement errors, which are differences between the true state of affairs and what
appears on the data collection form.
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• Manual checking (e.g., checks for completeness, handwriting legibility)

• Range and consistency checking during and after data entry

• Double entry and validation following data entry

• Data analysis screening for outliers during data analysis

• Identifying and deleting duplicate cases

Data manipulation is the process of changing and organizing data to make it ready for the
required analysis. For instance, new variables may be created from the existing quantitative
variables. For example: the BMI an individual is calculated from the Weight and Height
measurements.

Also, existing qualitative variables may be recoded during data manipulation. Example: If
marital status is already coded as 1=single, 2= married, 3=divorced, 4=widowed, 5=sepa-
rated; it can be recoded as 0=single, 1=married, 2=other (divorced, widowed or separated).

New variables may be generated by combining the existing variables. Example: watching
TV (Yes, No) and listening to Radio (Yes, No) might be combined to generate a new vari-
able called Media exposure (Yes - if exposed to either media, No- if not exposed to both
medias). Similarly, attitude towards something may be determined from a set of likert scale
measurement items.

3.1 Preliminary Data Analysis

Before directly going to analyse data, it is essential to look at the details of the data at a glance.
The question is ”Does the data make sense?” out of range, missing, illogical/implausible
values, consistency with other variables. The basic rule is printing frequencies for categorical
variables and summary statistics for quantitative variables. These two printouts can be used
as a primary references and give a picture of the overall shape of the data.

The Codebook Procedure

The Codebook procedure reports descriptive statistics for the specified variables, particu-
larly counts and percentages for nominal and ordinal variables (including all string variables),
and measures of central tendency and variation (mean, standard deviation and quartiles) for
scale variables.

From the Menu bar, click on Analyze → Reports → Codebook. In the Codebook
dialogue box, enter at least one variable to the Codebook Variables: box.

Example 3.1. Let us examine and observe the overall shape of the JUSH HAART.sav data
using the Codebook procedure.

As shown below, all variables are entered into the Codebook Variables: box. You can also
specify the information you need under the Output and Statistics tabs.
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Then, click on the OK tab and examine the results on the Output window. The output for
Age of the patients is:

The above table for Age shows the mean age is 34.01 years with a standard deviation of 9.16
years. In addition, 25% of the patients were below 28 years, 50% of them were below 32 years
and 75% of the patients were below 39 years.

The table for Sex, shown below, displays 930 (63.5%) of the patients were female and the
remaining 534 (36.5%) of the patients were male.
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Similarly, the table for MarStat is as follows, showing there are 4 (0.3%) missing values.

3.2 Manipulating Data

3.2.1 Protecting the Original Data

A data file can be marked as read-only so as to prevent the accidental modification of the
original data. From the Menu bar, click on File → Mark File Read Only. If subsequent
modifications are made to the data, the modified data can be saved only with a different file
name; so the original data are not affected. The file permissions can be changed back to
read/write by selecting Mark File Read Write from the File menu.

3.2.2 Inserting and Deleting Cases

To insert a new case, right click on the row number in the Data View sheet in which the
new case is to be inserted and then click on Insert Cases. (Entering data in an empty row
of the Data View automatically creates a new case.)

To delete a case, right click on the row number (case) to be deleted and click on Clear.

For example, to insert a new case on the second row or to delete the second case, just right
click on row number 2 and then click on Insert Cases or Clear, respectively.
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3.2.3 Inserting and Deleting Variables

Inserting and deleting a variable can be done using both sheets of the Data Editor. On the
Data View sheet, click on the column that the new variable is to be inserted and then click
on Insert Variable. Or in the Variable View sheet, right click on the row number that
the new variable is to be inserted, and then click on Insert Variable. (Entering data in an
empty column in the Data View or in an empty row in the Variable View automatically
creates a new variable with a default name.)

To delete a variable, on the Data View sheet, right click on the variable name to be deleted
and then click on Clear. Or in Variable View sheet, right click on the row number to be
deleted, and then click on Clear.

For example, to insert a new variable between Sex and Wei, or to delete the Wei variable,
just right click on Wei and then click on Insert Variable or Clear, respectively.

or
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3.2.4 Sorting Cases

In order to sort the data, from the Menu bar, click on Data → Sort Cases. Then, in the
Sort Cases dialogue box, enter the sorting variable(s) in the Sort by: box. If two or more
variables are sorting variables, then the cases are sorted by each variable within categories of
the preceding variable on the sort list.

Note: For String variables, uppercase letters precede their lowercase counterparts in sort
order. For example, the string value ”Yes” comes before ”yes” in sort order.

Example 3.2. Sort the JUSH HAART.sav data by Sex and Age.

Both Sex and Age should be entered in the Sort by: box.

Here, Sex was the first variable entered, followed by Age; accordingly, the data will first be
sorted by Sex, then, within each Sex category, the data will be sorted by Age.
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3.2.5 Sorting Variables

In order to sort the variables, from the Menu bar, click on Data → Sort Variables. In
addition to sorting the variables by their names, they can also be sorted by the other Variable
View characteristics.

3.2.6 Selecting Cases

Instead of just wanting to look at all possible values for a particular variable, we can analyze
a specific subset of the data by selecting only certain cases in which we are interested. How
would we do that? We would use a conditional statement.

To select cases, from the Menu bar, click on Data→ Select Cases. Then, the Select Cases
dialogue box comes. Under the Select option, check on the If condition is satisfied.
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Under the Output options:

• Filter out unselected cases indicates the unselected cases in the Data Editor by
placing a slash over the row numbers.

– The unselected cases are removed from subsequent analyses.

– The All Cases under the Select option should be reset.

• Copy selected cases to a new dataset saves the selected cases to a new dataset.

• Delete unselected cases removes unselected cases from the working dataset.

Example 3.3. Select (filter) female patients whose weight is greater than or equal to 55 and
remove the unselected cases.

When the If button of the Select Cases dialogue box is clicked, the Select Cases: If
dialogue box opens. Then, to select females whose weight is greater than or equal to 55, we
do as follows.
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Note: String variable values must be enclosed in double quotation marks.

Click on Continue and then OK. Then, the Data Editor window looks:

From now onwards, those cases having a slash over on the row numbers are deactivated, that
means, they will not be included in the subsequent analysis. Hence, do not forget to reset All
Cases under the Select option of Select Cases dialogue box which makes all cases active
for analyses.

Example 3.4. Select females whose weight is greater than 95 and remove unselected cases.

To select female patients whose weight is greater than 95 and remove the unselected cases,
the Select Cases dialogue box looks:
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After clicking the OK tab, you can easily observe that there are only 2 cases as shown in the
Data View sheet of the Data Editor. All the unselected cases are removed from the working
file.

3.2.7 Creating New Variable

Variable transformation is a way of creating new variables using existing continuous vari-
ables and formulae. To create a new variable, from the Menu bar, click on Transform →
Compute. This opens the Compute Variable dialog box.
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Example 3.5. Create new variable by taking the square root of the CD4 variable.

Now to compute the square root of the CD4 variable,

1. First, write the new variable name, RootCD4 in the Target Variable: field.

2. Next from the Function group: list select Arithmetic.

3. And then from Functions and Special Variables: list select Sqrt and enter into
the Numeric Expression: box (any formula can be written as function of existing
variables and/or numbers).

4. Lastly, inside the brackets of the square root, enter the CD4 variable.
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You can also specify the type and label for the new variable. The If button can be used to
case selection condition.

Exercise 3.1. Generate a new variable AgeSquare by squaring the Age.

Exercise 3.2. Generate a new variable LogCD4 by taking the logarithm of CD4.

3.2.8 Recoding a String Variable

If there is a string variable, such as Sex where the values are ”F” and ”M” in our case, we
may want to assign numeric values to them.

From the Menu bar, by clicking on Transform → Automatic Recode, the Automatic
Recode dialogue box opens. In the Variable− >New Name box, enter the string variable.
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Example 3.6. Automatically recode the string variable Sex.

In the Automatic Recode dialogue box, enter Sex in the Variable− >New Name box.

Next in the New Name: field write Gender and click on the Add New Name button to
add the new name into Variable− >New Name box. Click on OK. This automatically
assigns the values 1 for ’F’ and 2 for ’M’ and labels to the categories of Gender.

3.2.9 Recoding a Categorical Variable

For Gender, the numeric values for ’Female’ and ’Male’ patients are 1 and 2, respectively.
Suppose, that is not what we want. We want the typical 0=’F’, 1=’M’ setup. How might we
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do this? We will be looking how to recode this categorical variable. There are two options
available for recoding variables. The first option is recoding values into the same variable
which eliminates all record of the original values and the second one is creating a new variable
containing the recoded values.

From the Menu bar, by clicking on Transform→ Recode into Different Variables, then
a dialogue box opens.

Example 3.7. Recode Gender so that 0 stands for ’F’ and 1 stands for ’M’.

In the Recode into Different Variables dialogue box,

1. In the Numeric Variable− >Output Variable box, enter Gender.

2. Next in the Output Variable option Name: field write a new variable name, say,
GenderNew and click on the Change button to add the new name into Numeric
Variable− >Output Variable box.

3. When you click on the Old and New Values button, the following dialogue box comes.

(a) In the Old Value option Value: field, type 1 and in the New Value option
Value: field, type 0 then click on the Add tab.

(b) Next in the Old Value option Value:, field, type 2 and in the New Value option
Value: field type 1 then click on the Add tab.
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(c) Click on the Continue tab and OK.

Exercise 3.3. Recall Employment Condition (Emp) is coded as 0= Full-time, 1= Part-time,
2= Not Working and 3= Unemployed. Now recode this variable using 0= Working (Full-time
and Part-time), 1= Not Working and 2= Unemployed setup.

Exercise 3.4. Survival outcome (Status) is coded as 0= Active, 1= Dead, 2= Transferred,
and 3= Loss-to-follow. Now recode this variable using 0= Alive (Active and Transferred), 1=
Dead and 2= Lost-to-follow setup.

3.2.10 Recoding a Continuous Variable

Some times, it is also useful to collapse a continuous variable into categorical groups. From
the Menu bar, by clicking on Transform → Recode into Different Variables, then the
usual dialogue box opens.

Example 3.8. Categorize the Wei variable into four categories: 0=Min-30, 1=30.5-50, 2=50.5-
70 and 3=70.5-Max. Then, create their value labels.

In the Recode into Different Variables dialog box,

1. In the Numeric Variable− >Output Variable box, enter Wei.

2. Next in the Output Variable option Name: field write a new variable name, say,
WeiCat and click on the Change button to add the new name into Numeric Vari-
able− >Output Variable box.

3. Click on the Old and New Values button.

(a) In the Old Value option in the Range, LOWEST through Value: field, type
30 and in the New Value option Value: field, type 0 then click on the Add tab.

(b) Next in the Old Value option Range: fields, type 30.5 and 50, respectively and
in the New Value option Value: field, type 1 then click on the Add tab.

(c) Thirdly, in the Old Value option Range: fields, type 50.5 and 70, respectively
and in the New Value option Value: field, type 2 then click on the Add tab.
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(d) Lastly, in the Old Value option in the Range, value through HIGHEST:
field, type 70 and in the New Value option Value: field, type 3 then click on the
Add tab.

(e) Click on Continue and OK.

Exercise 3.5. Categorize Age into three categories: 0=Min-29, 1=30-39 and 2=40-Max.
Then, create their value labels.

3.3 Combining Datasets

It is often needed to merge several datasets into one. There are two main ways of merging
datasets. The first situation is when we have two datasets with the same variables but differ-
ent cases and the second situation is when we have two datasets with same cases but different
variables.

The data file in memory (the one that is currently opened) is referred to as the ’master’ or
’working’ file. The file that is to be joined with the ’master’ file is known as the ’using’ data
file.

3.3.1 Adding Cases (Observations)

Here, the two data files are considered to have different observations but same variables.
Hence, observations from the using file are added to the end of the working data file, that is,
the files are stacked vertically. But, be sure that each variable should have same name and
same data type in both data files.

From the Menu bar, click on Data → Merge Files → Add Cases. This opens the Add
Cases to · · · dialogue box having the Browse button that helps to locate where the using
file is saved.

Example 3.9. In the folder given to you, there are two data files named DataForAppend 1.sav
and DataForAppend 2.sav having some same variables but different cases. Add the cases from
DataForAppend 2.sav to DataForAppend 1.sav.
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First, open the DataForAppend 1.sav data and click on Data → Merge Files → Add
Cases. In the Add Cases to · · · dialogue box, click on the Browse button to locate where
the using file (DataForAppend 2.sav) is saved.

After browsing and selecting the using file, click on the Continue tab. Then the Add Cases
From · · · dialogue box with the list of variables in two boxes appears as shown below. The
Unpaired Variables: box contains variables to be excluded from the new appended data file
(due to the difference in names and/or type) while the Variables in New · · · : box contains
variables to be included in the new appended data file.

Click on the OK tab.

Note:

• If the same information is recorded under different variable names in the two files, you
can create a pair from the Unpaired Variables: list. Select the two variables on the
list and click on Pair.

• To include an unpaired variable from one file without pairing it with a variable from
the other file, select the variable from the Unpaired Variables: list and add it to
Variables in New · · · : list. Any unpaired variable included in the merged file will
contain missing data for cases from the file that does not contain that variable.
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3.3.2 Adding Variables

Unlike the previous merging, the two data files are now considered to have different variables
but same observations. The additional variables from the using file are added to the data file
in memory (the files are stacked horizontally). A necessary condition is that both datasets
should have a unique identifier of each observation which might consist of a single variable or
a series of variables. In other words, both files should have a matching variable (or variables)
that is (are) used to associate an observation from the master file with an observation in the
using file. Before trying to merge, both datasets should be sorted by the matching variable. If
two or more variables are used to match cases, the two data files must be sorted by ascending
order of these key variables.

From the Menu bar, click on Data → Merge Files → Add Variables. This opens the
Add Variables to · · · dialogue box having the Browse button that helps to locate where
the using file is saved.

Example 3.10. There are two data files named DataForMerge 1.sav and DataForMerge 2.sav,
in the folder given to you. The ID variable is an identifier (matching variable) in both data
files. Merge the variables from DataForMerge 2.sav to DataForMerge 1.sav.

First, open DataForMerge 1.sav data. In the Add Variables to · · · dialogue box, click on
the Browse button to locate where the using file (DataForMerge 2.sav) is saved.

After browsing and selecting the file to be merged, click on the Continue tab. Then the
Add Variables from · · · dialogue box with the list of variables appears.
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The Excluded Variables: box contains variables to be excluded from the new merged data
file. Variable names in the second data file that duplicate variable names in the working data
file are excluded by default because it assumes that these variables contain duplicate infor-
mation. To include an excluded variable with a duplicate name to the merged file, rename it
and add it to the New Active Dataset: box.

Next, check on the Match cases on key · · · and enter the key variable(s) to Key Variables:
list. In the case of two or more key variables, the order of these variables on the Key
Variables: list must be the same as their sort sequence.
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Chapter 4

Descriptive Analysis

After the data have entered in the data editor, the first step to complete is to do descriptive
analysis, which involves computing various summary statistics (for example; min, max, mean,
standard deviation, skewness, kurtosis) and graphical displays (for example; frequency tables,
boxplots, stem and leaf plots, histogram). In the previous chapter, we have already started
describing data using the Codebook procedure and this chapter focuses on more descriptive
analysis. Descriptive statistical analysis is important for several reasons:

• To see if there are problems in the data such as outliers, coding problems, missing values
and/or other errors.

• To get basic information regarding the demographic variables of the data to report in
the Results section of a research report.

• To examine the extent to which the statistical assumptions (like normality, homogeneity
of variances) are fulfilled.

• To examine the relationships between variables, and determine the strength and direc-
tion of the association.

A statistical analyses will logically proceed from simple to complex. Mostly, a statistical
analysis will be conducted in three phases: univariable, bivariable, and multivariable data
analyses.

• A univariable analysis is when analyzing one variable at a time.

• A bivariable analysis is when analyzing the relationship between two variables.

• A multivariable analysis is when analyzing several variables together.

The results of univariable and bivariable analyses will be used to select methods and variables
to be used in the multivariable analysis(es).

4.1 Frequency Tables

Frequency tables are used to summarize categorical variables. These could help us to under-
stand how many observations are in each category (level) of a variable and how much are
missing.
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One-Way Frequency Tables

To construct one-way frequency tables, from the Menu bar, click on Analyze→ Descriptive
Statistics → Frequencies. In the Frequencies dialogue box, enter at least one categorical
variable in the Variable(s): box.

Example 4.1. Obtain the one-way frequency tables for all categorical variables in the
JUSH HAART.sav data.

The first two frequency tables of the output are:

The result indicates that 930 (63.5%) of the patients were females and the remaining 534
(36.5%) were males. Regarding the marital status of the patients, 293 (20%), 739 (50.5%),
134 (9.2%), 140 (9.6%) and 154 (10.5%) were never married, married, divorced, separated
and widowed, respectively. But note that there are 4 (0.3%) missing observations.

Multi-Way Frequency Tables

For two or more categorical variables, the data can be summarized in a tabular form in which
the cells of the table contain number of observations (frequencies) in the intersection cate-
gories of the variables. Such a table is called contingency table (cross-tabulation).
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The Crosstabs procedure in SPSS forms two-way and multi-way contingency tables, and
provides a variety of tests and measures of association for two-way contingency tables only.

For constructing cross-tabulations, from the Menu bar, click on Analyze → Descriptive
Statistics → Crosstabs. In the Crosstabs dialogue box, enter at least one categorical
variable in the Row(s): box and another one in the Column(s): box.

Example 4.2. Construct the cross-tabulation of Sex and Education Level, and examine the
frequencies.

In the Crosstabs dialogue box, enter Sex in Row(s): box and Education Level in Column(s):
box as show below and click the OK tab.

The crosstab result is:

There were 211 female patients who did not have education, 325 females with primary edu-
cation, · · · . Of the total 534 males, 86 of them had no education, 190 of them were having
primary education, · · · .

SPSS can also do custom tables which describe the relationship between variables in a table
of frequencies. These tables can either be simple two-way tables or multi-way tables. To do
so, from the Menu bar, click on Analyze → Tables → Custom Tables. In the Custom
Tables dialogue box, select and drag the variable(s) to be in the row and column and click
the OK tab.
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4.2 Constructing Pie and Bar Charts

4.2.1 Pie Chart

Pie chart is popularly used in practice to show the percentage break down of a single quali-
tative variable data. It is a circle divided into a number of slices whose size corresponds to
the relative frequency of each class.

From the Menu bar, click on Graphs → Legacy Dialogs → Pie. Then, the Pie Charts
dialogue box appears.

Click on the Define button which will open the Define Pie: · · · dialogue box.

Example 4.3. Construct pie chart for education level (EducLev).

In the Define Pie: · · · dialogue box, enter EducLev in the Define Slices by: box.

42



Basic Statistical Analysis Using SPSS c© October 2020 By: Awol S., E-mail: es.awol@gmail.com

Then click on OK. Then, the pie chart looks as follows.

4.2.2 Bar Charts

From the Menu bar, click on Graphs → Legacy Dialogs → Bar. Then, the Bar Charts
dialogue box appears.
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Simple Bar Chart

In a simple bar chart, the categories of a qualitative variable (possibly a discrete variable with
a small number of values) are marked on the X axis and the frequencies (magnitude) of the
categories are marked on the Y axis.

Example 4.4. Construct simple bar chart for Sex.

Of the three types of bar charts in the Bar Charts dialogue box, select the first one, that
is, the Simple option. Then click on the Define button. In the Category Axis: box enter
Sex and then OK.
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Multiple (Clustered) Bar Chart

Multiple (clustered) bar chart is used to display data on more than one variable. In the
multiple bars diagram two or more sets of inter-related data are interpreted.

Example 4.5. Construct multiple bar chart for Sex and Education Level.

Again, of the three types of bar charts in the Bar Charts dialogue box, select the second
one, that is, the Clustered option. Then click on the Define button. In the Category
Axis: box enter Sex and in the Define Clusters by: enter Education Level. Then OK.
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Component (Stacked) Bar Chart

Component (stacked) bar chart is used when there is a desire to show a total or aggregate is
divided into its component parts.
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Example 4.6. Construct multiple bar chart for Sex and Education Level, and compare it with
the clustered bar chart above.

Lastly, of the three types of bar charts in the Bar Charts dialogue box, select the third one,
that is, the Stacked option. Then click on the Define button. In the Category Axis: box
enter Sex and in the Define Stacks by: enter Education Level. Then click on OK.
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4.3 Graphs for Scale Variables

4.3.1 Histogram

Histogram is the most common graphical presentation used for quantitative variables for
assessing normality. The trouble is that visual inspection of histograms can be deceiving
because some approximate normal distributions do not look like a normal curve.

From the Menu bar, click on Graphs → Legacy Dialogs → Histogram.

Example 4.7. Construct histogram for Wei and say something about the distribution.

In the Variable: box of the Histogram dialogue box enter Wei.

Then, after clicking on OK, the histogram of weight of the patients is displayed as follows.

48



Basic Statistical Analysis Using SPSS c© October 2020 By: Awol S., E-mail: es.awol@gmail.com

Or by checking on the Display normal curve of the Histogram dialogue box, the theoret-
ical normal distribution curve will be superimposed in the histogram as shown below.

From this histogram, it seems the weight of the patients approximately follows a normal
distribution.

Example 4.8. Construct histogram for CD4.

Using similar procedure as above, the histogram of the CD4 is as follows.
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This plot shows CD4 count is not normally distributed (positively skewed).

Example 4.9. Construct histogram for the survival time SurvTime of patients.

The histogram of SurvTime shown below indicates SurvTime does not follow a normal distri-
bution.

4.4 Basic Summary Statistics

For quantitative variables, it is necessary to calculate certain indicators like measures of
central tendency and measures of variation.
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4.4.1 Central Tendency and Variation

The Descriptives procedure displays univariate summary statistics for quantitative (scale)
variables in a single table.

From the Menu bar, click on Analyze → Descriptive Statistics → Descriptives. In the
Descriptives dialogue box, enter at least one quantitative variable in the Variable(s): box
in the usual manner.

Example 4.10. Obtain descriptive statistics for all scale variables of the JUSH HAART.sav
data.

In the Descriptives dialogue box, all quantitative variables are entered in Variable(s): box
as follows.

Here is the output:

The minimum and maximum ages of the 1464 patients are 18 and 85 years, respectively. The
average age is 34.01 years with a standard deviation of 9.16 years. The average weight is 51.87
kilograms with a standard deviation of 10.19 kilograms (note that these values are calculated
from 1460 patients which means there are 4 weight missing values) with a minimum weight
of 16 and a maximum weight of 96 kilograms. The average number of CD4 counts is 198.19
with a standard deviation of 171.240. The same is true for the remaining variables.

Also, by clicking on the Options button of Descriptives dialogue box, we can select addi-
tional measures like range, variance, standard error for the mean, kurtosis and skewness.
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4.4.2 Exploring Descriptive Statistics by Group

The Explore procedure produces summary statistics and graphical displays, either for all
cases or separately for groups of cases (because, sometimes, it is also necessary to explore the
scale variable(s) within each category of a categorical variable). It is used for data screening,
outlier identification, normality assumption checking, and characterizing differences among
groups of cases. Such data screening may help to identify the presence of unusual values,
extreme values, gaps in the data or other peculiarities.

From the Menu bar, click on Analyze → Descriptive Statistics → Explore. In the
Explore dialogue box, enter at least one quantitative variable in the Dependent List: box.

Example 4.11. Obtain descriptive statistics using the Explore procedure for the Wei and
CD4 variables.

In the Explore dialogue box, enter both Wei and CD4 in the Dependent List: box. It is
also possible to select an identification variable to label cases and enter to Label Cases By:
box.

Also, the five largest and five smallest values with case labels can be displayed if the Outliers
option is selected under the Statistics tab.

The partial result looks:
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Example 4.12. Explore the Wei and CD4 variables within each category of Sex.

Now in the Explore dialogue box, enter both Wei and CD4 in the Dependent List: box
and enter Sex in the Factor List: box.

After clicking on the Statistics tab, the partial outputs are:
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The Custom Tables procedure can also be used to produce summary of a quantitative
variable for different groups.
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The output is:

55



Chapter 5

Inferential Statistics

The primary objective of a statistical analysis is drawing statistically valid conclusions about
the characteristics of the population based on the results obtained from sample. There are
two important facts that are key to statistical inference. These are (population) parameter
and (sample) statistic. A parameter is a fixed (but usually unknown) summary measure of
the characteristic of a population. For example, population mean (µ), population variance
(σ2), population proportion (π) are parameters.

On the other hand, a statistic is a known summary measure of the characteristic of a sample.
For example, sample mean (x̄), sample variance (s2), sample proportion (p) are statistics.
These measures, unlike parameters, are random because their values vary from sample to
sample.

Statistical inference can be defined as the process of making conclusions for population param-
eters using sample statistics. It generally takes two forms, namely, estimation of a parameter
and testing of a hypothesis.

5.1 Estimation of a Parameter

For the purpose of general discussion, let θ be the population parameter and θ̂ be the corre-
sponding statistic. The statistic θ̂ intended for estimating a parameter θ is called an estimator
of θ. A specific numerical value of an estimator calculated from the sample is called the esti-
mate. The process of obtaining an estimate of the unknown value of a parameter by a statistic
is called estimation. There are two types of estimations. One is point estimation and the
other is interval estimation.

5.1.1 Point Estimation

Point estimation is the process of obtaining a single sample value (point estimate) that is used
to estimate the desired population parameter. The estimator is known as point estimator.

For example, X̄ =
1

n

n∑
i=1

Xi is a point estimator of µ, s2 =
1

n− 1

n∑
i=1

(Xi − X̄)2 is a point

estimator of σ2.
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5.1.2 Interval Estimation

Point estimator has some drawbacks. First, a point estimator from the sample may not
exactly locate the population parameter, that is, the value of point estimator is not likely to
be exactly equal to the value of the parameter, resulting in some margin of uncertainty. If the
sample value is different from the population value, the point estimator does not indicate the
extent of the possible error. Second, a point estimate does not specify as to how confident we
can be that the estimate is close to the parameter it is estimating. That is, we cannot attach
any degree of confidence to such an estimate as to what extent it is closer to the value of the
parameter. Because of these limitations of point estimation, interval estimation is considered
desirable. Interval estimation involves the determination of an interval (a range of values)
within which the population parameter must lie with a specified degree of confidence. It is the
construction of an interval on both sides of the point estimate within which wan reasonably
confident that the true parameter will lie.

5.2 Hypothesis Testing for Parameters

A statistical hypothesis is an assumption (a conjecture) about a population parameter. Such
an assumption usually results from speculation concerning observed behavior, natural phe-
nomena, or established theory. Hence, hypothesis testing is a statistical procedure which leads
to take a decision about a statistical hypothesis for being supported or not by the sample
data. It starts by making a set of two mutually-exclusive and exhaustive hypotheses about
the parameter(s) in question.

The first hypothesis is called a null hypothesis (denoted by H0) which states there is no dif-
ference between a parameter and a hypothesized value. For any parameter θ and an assumed
value θ0, the null hypothesis is written as H0 : θ = θ0.

The second hypothesis, is called an alternative hypothesis (denoted by H1), contradicts the
null hypothesis, that is, it states there is a difference between a parameter and a hypothesized
value. This hypothesis may have three different forms:

• Two-sided test: H1 : θ 6= θ0.

• One-sided test: H1 : θ > θ0 (right tailed test)

• One-sided test: H1 : θ < θ0 (left tailed test)

5.2.1 Types of Errors

There are two types of errors in hypothesis testing.

• Type I Error: It is an error occurred if one rejects the null hypothesis which is actually
true. The probability of making such an error is called significance level (denoted by
α).

• Type II Error: It is an error occurred if one failed to reject the null hypothesis which is
actually false. The probability of making type II error is denoted by β. The probability
of correctly rejecting the null hypothesis which is actually false, called power of a test,
is, therefore, 1− β.
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In statistical hypothesis testing, the maximum acceptable probability of rejecting a true null
hypothesis, the significance level (α), is specified first.

5.2.2 Statistical Significance

If the p-value is less than the specified significance level (α), the null hypothesis (H0) can be
rejected. Then, the test is said to be significant. If we failed to reject the null hypothesis,
then the test would be non-significant (insignificant).

But note that a significant test does not indicate practical (clinical) significance or importance.
With large samples, it is possible to find statistical significance even when the difference is
very small (i.e., has a small effect size). A statistically significant result with a small effect
size means that it is sure that there is at least a little difference, but it may not be of any
practical significance.

5.2.3 Interpretations

In testing a statistical hypothesis, first, decide whether to reject the null hypothesis. If the
test is found significant, we need to answer two or more questions.

1. What is the direction of the effect? Difference inferential questions (t test or analysis of
variance) compare two or more groups so it is necessary to state which group performed
better. For associational inferential questions (eg, correlation, regression), the sign is
very important, so we must indicate whether the relationship is positive or negative.

2. What is the size of the effect? We should include the effect size, confidence intervals or
both in the description of our results.

3. The researcher or consumer of the research should make a judgment whether the result
has practical or clinical significance or importance. To do so, they need to take into
account the effect size, the cost of implementing the change, and the probability and
severity of any side effect or unintended consequence.
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Chapter 6

Hypothesis Testing

6.1 Testing about a Single Population Mean

A one-sample t-test helps to determine whether the population mean (µ) is equal to a hy-
pothesized value (µ0). The underlying assumption of the t-test is that the observations are
random samples drawn from normally distributed populations.

Steps:

1. The null hypothesis to be tested is H0 : µ = µ0 and the alternative hypothesis can be
H1 : µ 6= µ0, H1 : µ < µ0 or H1 : µ > µ0.

2. Choose a level of significance (α): common choices are 0.01, 0.05 and 0.10.

3. The test statistic is: t =
ȳ − µ0
s/
√
n

where ȳ =
1

n

n∑
i=1

yi is the sample mean, s2 =

1

n− 1

n∑
i=1

(yi − ȳ)2 is the sample variance (hence s is the sample standard deviation), n

is the sample size and µ0 is the assumed value. The test statistic has a t distribution
with n− 1 degrees of freedom.

4. Decision: If the p−value is less than the specified α, H0 should be rejected, otherwise
do not.

5. Conclusion.

For testing a single population mean using SPSS, from the Menu bar, click on Analyze →
Compare Means → One-Sample T Test.

Example 6.1. The thermostat in your classroom is set at 72◦F, but you think the thermostat
is not working well. On seven randomly selected days, you measure the temperature at your
seat. Your measurements (in degrees Fahrenheit) are 71, 73, 69, 68, 69, 70, and 71. Test
whether the mean temperature at your seat is different from 72◦F. Conduct the analysis using
SPSS.

Here, the hypothesis to be tested is H0 : µ = 72 vs H1 : µ 6= 72. Now, enter the data into
SPSS under the variable name Temp as follows.
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In the One-Sample T Test dialogue box, enter Temp in the Test Variable(s): box. Then,
in the Test Value: box, enter 72 which is the value assumed under H0.

If you want to change the confidence level (default is 95%), click on the Options button, and
then specify in the Confidence Interval Percentage: box. Then click on the Continue
tab and OK.

The output provides two table results. The first table (One-Sample Statistics) provides
the number of observations, mean, standard deviation and standard error of the sample
mean. The sample mean and standard deviation of the 7 observations is 70.14◦F and 1.68◦F,
respectively.

The second table (One-Sample Test) provides the test statistic value, the degrees of freedom,
the p−value, the difference of the sample mean from the assumed value and the confidence
interval for the population mean. Thus, since the p−value is Sig. (2-tailed) = 0.026 which
is smaller than the (default) level of significance (α = 0.05), the null hypothesis that the mean
temperature at your seat is 72◦F should be rejected. Therefore, the mean temperature in the
classroom is significantly different from 72◦F.
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6.2 Comparing Paired Samples

For two paired variables, the difference of the two variables, di = Y1i − Y2i, is treated as if
it were a single sample. This test is appropriate for pre-post treatment responses. The null
hypothesis is that the true mean difference of the two variables is D0, H0 : µd = D0. The
difference is typically assumed to be zero unless explicitly specified.

Steps:

1. The null hypothesis to be tested is H0 : µd = 0 and the alternative hypothesis may be
H1 : µd 6= 0, H1 : µd < 0 or H0 : µd > 0.

2. Choose a level of significance (α)

3. The test statistic is: t =
d̄− µd
sd/
√
n
∼ t(n − 1) where d̄ =

1

n

n∑
i=1

di is the sample mean of

the differences, s2d =
1

n− 1

n∑
i=1

(di − d̄)2 is the sample variance of the differences and n

is the sample size. This test statistic has a t distribution with n− 1 degrees of freedom.

4. Decision: If the p−value is less than the specified α, H0 should be rejected otherwise
do not.

5. Conclusion.

In SPSS, the procedure for paired test is: Analyze → Compare Means → Paired-
Samples T Test.

Example 6.2. A researcher is interested in investigating whether alcohol has a positive or
negative effect on the heart beat of individuals. S/he has measured the heart beat (per
minute) of six persons before and after drinking Alcohol. The data is:

Before Drinking Alcohol 86 90 75 72 78 68

After Drinking Alcohol 97 96 80 76 77 73

Test the hypothesis using SPSS.

Enter the paired data, naming the first variable of the pair Before and the second After, as
follows.

Then, in the Paired-Samples T Test dialogue box, enter Before under Variable1 and After
under Variable2 of the Paired Variables: box.
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The Paired-Samples T Test procedure provides three table of results. The first table,
Paired Samples Statistics, contains descriptive statistics for each of the two variables.
The second table, Paired Samples Correlations, displays the correlation between the two
variables as 0.943 and its corresponding p−value as Sig. = 0.005. Since the p−value is less
than α = 0.05, it can be concluded that there is a strong positive relationship between the
before and after measurements of the heart beat of individuals.

As can be seen from the third table, (Paired Samples Test), since p−value is Sig. (2-
tailed) = 0.024 which smaller than α = 0.05, we can conclude that alcohol has an increasing
effect in the heart beat of individuals.

6.3 Comparing Independent Samples

1. The null hypothesis to be tested is H0 : µ1 = µ2 and the alternative hypothesis may be
H1 : µ1 6= µ2, H1 : µ1 < µ2 or H1 : µ1 > µ2.

2. Choose a level of significance (α).

3. The test statistic is: t =
(ȳ1 − ȳ2)− (µ1 − µ2)

sp

√
1

n1
+

1

n2

where ȳ1 =
1

n1

n∑
i=1

y1i is the sample
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mean of the first group and ȳ2 =
1

n2

n∑
i=1

y2i is the sample mean of the second group,

s2p =
(n1 − 1)s21 + (n2 − 1)s22

n1 + n2 − 2
is the pooled variance of the both groups (note s21 =

1

n1 − 1

n∑
i=1

(y1i− ȳ1)2 is the sample variance of the first group and s22 =
1

n2 − 1

n∑
i=1

(y2i−

ȳ2)
2 is the sample variance of the second group), n1 is sample size of the first group

and n2 is sample size of the second group. The test statistic has a t distribution with
n1 + n2 − 2 degrees of freedom.

4. Decision: If the p−value is less than the specified α, H0 should be rejected otherwise
do not.

5. Conclusion.

The above test statistic is only used when the two distributions are assumed to have the
same variance. If the two population variances are different, then they must be estimated
separately and the test statistic is a little bit modified as

t =
(ȳ − ȳ2)− (µ1 − µ2)√

s21
n1

+
s22
n2

.

This modified test, also known as Welch’s t-test, has a t distribution with v degrees of freedom
where

v =
(s21/n1 + s22/n2)

2

(s21/n1)
2/(n1 − 1) + (s22/n2)

2/(n2 − 1)
.

Note that the true distribution of the test statistic actually depends (slightly) on the two
unknown variances. Therefore, to determine which test statistics to be used for comparing
two population means, first the equality of variances should be checked.

Comparing Two Population Variances

1. The null and alternative hypotheses to be tested are:

H0 : σ1 = σ2

H1 : σ1 6= σ2

2. Choose a level of significance (α).

3. The test statistic is: F =
s21
s22

where s21 =
1

n1 − 1

n∑
i=1

(y1i − ȳ1)2 is the sample variance

of the first group and s22 =
1

n2 − 1

n∑
i=1

(y2i − ȳ2)2 is the sample variance of the second

group, n1 is sample size of the first group and n2 is sample size of the second group.
This statistic has an F distribution with n1 − 1 and n2 − 1 degrees of freedom.
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4. Decision: If the p-value is less than the specified α, then H0 is rejected indicating that
the common variance assumption does not hold.

5. Conclusion.

In the case of two independent populations, the procedure in SPSS is: Analyze→ Compare
Means → Independent-Samples T Test. Here, the response variable should be stacked
in one column and a groping variable should be in another column.

Example 6.3. Company officials were concerned about the length of time a particular drug
product retained its toxin’s potency. A random sample of 8 bottles of the product was
drawn from the production line and measured for potency. A second sample of 10 bottles
was obtained and stored in a regulated environment for a period of one year. The readings
obtained from each sample are given below.

Sample 1 10.2 10.5 10.3 10.8 9.8 10.6 10.7 10.2

Sample 2 9.8 9.6 10.1 10.2 10.1 9.7 9.5 9.6 9.8 9.9

Using SPSS, test the null hypothesis that the drug product retains its potency. Also, construct
the 95% confidence interval for the difference of the population means.

To enter the above data in SPSS, enter the grouping variable by naming Sample in one column
and the stacked response in another column naming as Potency.

Then, in the Independent-Samples T Test dialogue box, enter Potency in the Test Vari-
able(s): box and Sample in the Grouping Variable: box. Next, click on the Define
Groups button, and then type 1 in the Group 1: field and 2 in the Group 2: field. Click
on the Continue tab and then OK.
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This procedure results two tables; one a table of descriptive statistics for both variables and
the other the table of test results.

As shown in the above result in the Independent Samples Test table, SPSS by default
conducts Levene’s Test for Equality of Variances in the two groups. The test shows the
equal variance assumption is not rejected as its p−value (Sig = 0.347) is larger than α = 0.05.

Then, the t-test for Equality of Means is calculated under both assumptions (equal
variance assumption and different variances). The test statistic has a p−value of, Sig. (2-
tailed), 0.001 implying the rejection of the null hypothesis of no difference in the mean
potency of the two samples. Therefore, there is a significant difference in the mean potency
of the two samples.

Exercise 6.1. A quick but impressive method of estimating the concentration of a chemical
in a rat has been developed. The sample from this method has 8 observations and the sample
from the standard method has 4 observations. Assuming different population variances, test
whether the quick method gives under-estimate result. The data in the two samples are:

Standard Method 25 24 25 26

Quick Method 23 18 22 28 17 25 19 16

6.4 Comparing Several Population Means: ANOVA

Despite its name, analysis of variance (ANOVA) is used to compare the means of more than
two groups based on the variance ratio test. The principle underlying the ANOVA is that
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the total variability in a dataset is partitioned into its component parts. The sources of vari-
ation comprise one or more factors, each resulting in variability which can be accounted for
(explained by the levels or categories of the factor), and also unexplained (residual) variation
which results from uncontrolled biological variation and technical error.

Note that the null hypothesis is that the all group means are equal. That is, if there are g
groups, then H0 : µ1 = µ2 = · · · = µg. The alternative hypothesis is at least one of the means
is significantly different from the other.

Assumptions of the one-way ANOVA

1. The samples are independently and randomly drawn from source population(s).

2. The source populations are reasonably normal distributions.

3. The samples have approximately equal variances.

If the samples are equal size, no main worry about these assumptions because one-way
ANOVA is quite robust (relatively unperturbed by violations of its assumptions). But if
the samples are different size and the assumption of equal variance does not hold, an appro-
priate non-parametric alternative for one-way ANOVA, which is called the Kruskal-Wallis test.

The procedure in SPSS for one-way ANOVA is: Analyze → Compare Means → One-
Way ANOVA. Similar to the Independent-Samples T Test, the response should be
stacked in one column and the grouping variable should be in another column.

Example 6.4. Suppose a university wishes to compare the effectiveness of four teaching
methods (Slide, Self-Study, Lecture and Discussion) for a particular course. Twenty four
students are randomly assigned to the teaching methods. At the end of teaching the students
with their assigned method, a test (out of 20%) was given and the performance of the students
were recorded as follows:

Slide Self-Study Lecture Discussion

9 10 12 9
12 6 14 8
14 6 11 11
11 9 13 7
13 10 11 8

5 16 6
7

Examine whether there is any difference among the teaching methods.

After entering the teaching Method in one column and the Score in other column of the Data
Editor.
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Then, in the One-Way ANOVA dialogue box, enter Score in the Dependent List: box
and enter Method in the Factor: box.

This procedure, by default, does not provide descriptive statistics per group. To obtain de-
scriptives for each group, click on the Options button and check on the Descriptive box.
Also, one of the assumptions of ANOVA is that the variances are the same across groups. To
examine it, the Homogeneity of variance test must be checked as above.

The larger the p−value (that is, a p−value of 0.461) for the Levene Statistic for the Test of
Homogeneity of Variances indicates that the common variance assumption holds. Hence,
the ANOVA test is appropriate.
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In the ANOVA test, the significant F statistic (a p−value of < 0.0001) tells us that the means
are not all equal, that means, at least one of the teaching methods differs from the other.

However, the one-way ANOVA does not tell us where the differences are. To examine the
differences in the teaching methods, mean separation method should be used. To do so, click
on the Post Hoc button of the One-Way ANOVA dialogue box and then check on at least
one comparison methods like LSD, Bonferroni or Scheffe.

The output from the LSD mean separation method is as follows.
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The significant pairs are Slide > Self-Study, Slide > Discussion, Self-Study < Lecture and
Lecture > Discussion.

6.5 Chi-Square Test of Association

The χ2 test is used for testing the independence of two categorical variables. The null hy-
pothesis, H0 :, states there is no statistical association between the two categorical variables.

The Pearson χ2 test in SPSS is found as an option in Statistics tab of the Crosstabs
dialogue box. As usual, if the p−value is less than the specified level of significance α, H0

will be rejected.

Example 6.5. Is there a statistical association between the Sex of a patients and Education
Level of the JUSH HAART data.

The result is as follows. The expected frequencies are obtained by selecting Expected under
the Counts option of the Cells tab in the Crosstabs dialogue box.
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The significance of the Pearson chi-square test (the smaller the p−value) reveals that there is
an association between the Sex of the patient and Education Level.
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Chapter 7

Regression Analysis

7.1 Linear Correlation

Correlation is a statistical tool desired towards measuring the degree of linear relationship
(association) between two quantitative variables. If the change in one variable affects the
change in the other variable, then the variables are said to be correlated.

The simplest way to examine the correlation between two quantitative variables is to plot the
pair of values (xi, yi), i = 1, 2, · · · , N on the xy plane, known as scatter plot. If the relationship
between the two variables can be described by a straight line, then the relationship is known
as linear other wise it is called non-linear.

Such a plot gives some idea about the presence and absence of correlation, and the nature
(direct or indirect) of correlation. But, it will not indicate about the strength or degree of
relationship between two variables.

7.1.1 Scatter Plot

Correlation that involves only two variables is called simple correlation. The simplest way to
present bivariable data is to plot the values (xi, yi), i = 1, 2, · · · , n on the xy plane. This is
known as scatter plot. This gives an idea about the correlation of the two variables. But, it
will give only a vague idea about the presence and absence of correlation and the nature (di-
rect or inverse) of correlation. It will not indicate about the strength or degree of relationship
between two variables.

From the Menu bar, click on Graphs → Legacy Dialogs → Scatter/Dot. Then, click on
the Simple Scatter option of the Scatter/Dot dialogue box.
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Then, click on the Define button.

Example 7.1. A researcher wants to find out if there is a relationship between the heights
of sons with the heights and weights of fathers. In other words, do taller fathers have taller
sons? The researcher took a random sample of 8 fathers and their 8 sons. Their height in
centimeters and the weight of fathers in kilograms are given below.

Father Height (x1) 168 173 165 170 175 178 180 164
Father Weight (x2) 65 67 66 66 68 67 66 65
Son Height (y) 165 170 168 170 173 175 174 167

Obtain the scatter plot of son’s height and father’s height, and son’s height and father’s
weight.

The data should be entered as follows.

In the Simple Scatterplot dialogue box, enter SonH in the Y Axis: box and enter FathH
in the X Axis: box.
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The scatter plot of son’s height and father’s height is:

As can be seen from the plot, it is clear that there is a linear relationship between son’s height
and father’s height.

Similarly, in the Simple Scatterplot dialogue box, by entering SonH in the Y Axis: box
and FathW in the X Axis: box, the scatter plot of son’s height and father’s weight is shown
below.

73



Basic Statistical Analysis Using SPSS c© October 2020 By: Awol S., E-mail: es.awol@gmail.com

From this scatter plot, it seems there is a linear relationship between son’s height and father’s
weight.

7.1.2 Covariance

Covariance is a measure of the joint variation between two variables, i.e., it measures the way
in which the values of the two variables vary together.

Recall the population variance of a certain variable x is defined as σ2x = 1
N

N∑
i=1

(xi− x̄)2 = σxx

and is estimated by the sample variance given by s2x = 1
n−1

n∑
i=1

(xi − x̄)2 = sxx. Similarly the

population covariance between two variables x and y is defined as

σxy =
1

N

N∑
i=1

(xi − x̄)(yi − ȳ) =
1

N

(
N∑
i=1

xiyi −
1

N

N∑
i=1

xi

N∑
i=1

yi

)

and is estimated by the sample covariance:

sxy =
1

n− 1

n∑
i=1

(xi − x̄)(yi − ȳ) =
1

n− 1

(
n∑

i=1

xiyi −
1

n

n∑
i=1

xi

n∑
i=1

yi

)
.

The value of a covariance can be negative, zero or positive. If the covariance is zero, there
is no linear relationship between the two variables. If the covariance is positive, there is a
direct linear relationship between the variables. If it is negative, there is an indirect linear
relationship.

7.1.3 Correlation Coefficient

The coefficient of correlation, which was developed by Karl Pearson, is a measure of the
degree or strength of the linear association between two variables. It is defined as a ratio of
the covariance between the two variables and the product of the standard deviations of each
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variable. The population correlation coefficient is denoted by the Greek letter ρ, rho:

ρ =
σxy
σxσy

=

N∑
i=1

(xi − x̄)(yi − ȳ)√
N∑
i=1

(xi − x̄)2

√
N∑
i=1

(yi − ȳ)2

Depending on the sign of a covariance, a correlation coefficient can be positive or negative.
But, the value lies between the limits -1 and +1; that is −1 ≤ ρ ≤ 1.

• If ρ is zero, there is no linear relationship between the two variables.

• If ρ is approximately -0.5 or +0.5, there is a medium inverse (indirect) or positive
(direct) linear relationship between the variables, respectively.

• If ρ is approximately -1 or +1, there is a strong inverse (indirect) or positive (direct)
linear relationship between the variables, respectively.

The sample correlation coefficient is denoted by r:

r =
sxy
sxsy

=

n∑
i=1

(xi − x̄)(yi − ȳ)√
n∑

i=1
(xi − x̄)2

√
n∑

i=1
(yi − ȳ)2

This can also be written as:

r =

n
n∑

i=1
xiyi −

n∑
i=1

xi
n∑

i=1
yi√

n
n∑

i=1
x2i −

(
n∑

i=1
xi

)2
√
n

n∑
i=1

y2i −
(

n∑
i=1

yi

)2

Notes:

• Although, the sign of the correlation and covariance are the same, the correlation is
ordinarily easier to interpret as:

– its magnitude is bounded, that is, −1 ≤ r ≤ 1.

– it is unit less.

– it takes the variability into account.

• But, it has also some disadvantages:

– Correlation does not measure nonlinear relationships. If x and y are statistically
independent, the correlation coefficient between them will be zero; but the converse
is not always true. In other words, zero correlation does not necessarily imply inde-
pendence. Thus, for example, even if y = x2;−4 < x < 4 is an exact relationship,
yet r is zero. (Why?)
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– Although, correlation is a measure of the linear association between variables, it
does not necessarily imply any cause and effect relationship.

Using SPSS, to determine the correlation between quantitative variables, from the Menu bar,
click Analyze → Correlate → Bivariate. Then, in the Bivariate Correlations dialogue
box, enter at least two quantitative variables in the Variable(s): box.

Example 7.2. Using the data given on example 7.1, perform correlation analysis of among
son’s height, father’s height and father’s weight.

Enter the three quantitative variables in the Variable(s): box of the Bivariate Correla-
tions dialogue box.

Then, click on OK. The output of the correlation matrix is:

The result shows two pairs of correlations are significant. Hence, it can be concluded there is
a strong positive correlation between son’s height and father’s height, and son’s height and
father’s weight. But, there is no significant linear relationship found between father’s height
and father’s weight.
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7.2 Linear Regression

Regression may be defined as the estimation of the unknown value of one variable from the
known value(s) of one or more variables. The variable whose values are to be estimated is
known as dependent variable while the variable(s) which is (are) used in determining the value
of the dependent variable is (are) called independent variable(s). The dependent variable can
take negative, zero or positive values, and it is assumed to have a normal distribution with
mean µ and constant variance σ2.

If the relationship between the two variables can be described by a straight line, then the
regression is known as linear regression other wise it is called non-linear.

A linear regression involving only two variables (one dependent and one independent) is called
simple linear regression and a linear regression analysis that involves more than two variables
(one dependent and two or more independents) is called multiple linear regression. A multiple
linear regression model is a linear function of a set of a set of independent variables (quanti-
tative, qualitative or both).

In a linear regression, the mean of the outcome is modeled. The model has the form: ŷ =
β̂0 + β̂1x1 + β̂2x2 + · · ·+ β̂kxk + · · ·+ β̂pxp where

• ŷ is the estimated mean of the dependent variable.

• β̂0 is the estimated intercept of the linear model (it is the mean of the dependent variable
when the value of the independent variable is zero).

• β̂k; k = 1, 2, · · · , p is the kth slope parameter estimate.

The parameter estimates are interpreted as the slope of a line describing the relationship of
the independent variable to the outcome.

• Given β̂k > 0. For each unit increase in the kth independent variable, the mean of the
outcome increases by β̂k.

• Similarly, given β̂k < 0. The mean of the outcome decreases by β̂k for each unit increase
in the kth independent variable.

The procedure to do regression analysis in SPSS is: Analyze → Regression → Linear.
Then, in the Linear Regression dialogue box, enter the dependent (response) variable in
the Dependent: box and enter all the independent (explanatory) variables in the Indepen-
dent(s): box.

Example 7.3. Recall example 7.1. Perform regression analysis of son’s height on father’s
height and father’s weight.

Enter the SonH in the Dependent: box, and enter both FathH and FathW in the Indepen-
dent(s): box of the Linear Regression dialogue box. Then click OK.
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The Linear Regression procedure of SPSS, delivers the main results in three tables as
shown below. The Model Summary provides the coefficient of determination and the
adjusted coefficient of determination as 0.848 and 0.787, respectively. This means, 78.7% of
the variation in the height of sons is explained by both the father’s height and father’s weight.

The next table is the ANOVA which is used to determine the overall significance of the
model. Since the p−value is 0.009 which is smaller than α = 0.05, it is clear that the model
is significant (that means, at least one of the explanatory variable is significant).
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Lastly, the Coefficients table contains parameter estimates of of the model together with
their standard errors. The estimated model is ̂SonHi = 30.930 + 0.432FathHi + 0.985FathWi;
i = 1, 2, · · · , 8. Looking at the p−value of each parameter estimate, only FathH is signifi-
cant. Therefore, son’s height is positively associated with father’s height (taller fathers have
taller sons). Specifically, a one centimeter increment in the height of fathers leads to a 0.432
centimeters in height of sons.

But, even if the effect of FathW is large, it is not significant at even 10% significance level
in the presence of FathH. Hence, the next procedure is to remove the FathW variable from
the model and refit the model with only FathH. The the final model indicates 76.1% of the
variation in the height of sons is explained by the height of their father’s. In addition, a one
centimeter increment in the height of fathers leads to a 0.536 centimeters in height of sons.

Example 7.4. A short survey was conducted on a random sample of 23 patients to know the
percentage level of their satisfaction by the medical treatment they were given. The patients
were asked about three additional variables: their age, gender and education level. The
recorded data are presented in the following table where y= patient satisfaction in percentage,
x1= age in years, x2= gender (0=male, 1=female) and x3= education level (1= uneducated,
2=primary, 3=secondary, 4=tertiary).
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No yi xi1 xi2 xi3
Indicator variables for education level (xi3)

Uneducated (di31) Primary (di32) Secondary (di33)

1 26.1 52 0 1 1 0 0
2 36.5 49 0 1 1 0 0
3 46.1 42 0 1 1 0 0
4 47.2 38 0 1 1 0 0
5 49.0 55 0 1 1 0 0
6 51.0 34 0 1 1 0 0
7 52.5 44 0 2 0 1 0
8 66.4 36 0 2 0 1 0
9 48.0 50 0 2 0 1 0
10 54.6 45 0 2 0 1 0
11 66.7 40 1 2 0 1 0
12 57.9 36 0 3 0 0 1
13 57.0 53 1 3 0 0 1
14 60.5 43 1 3 0 0 1
15 89.4 28 1 3 0 0 1
16 89.1 29 1 3 0 0 1
17 60.3 33 1 4 0 0 0
18 67.5 43 0 4 0 0 0
19 70.7 41 0 4 0 0 0
20 77.7 29 1 4 0 0 0
21 77.0 29 1 4 0 0 0
22 79.2 33 1 4 0 0 0
23 88.6 29 1 4 0 0 0

Estimate a regression model of patient satisfaction on their age, gender and education level,
and interpret the results.

The data in the data editor looks as follows:
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As before click on Analyze → Regression → Linear. Then, move Satisfaction into the
Dependent: box, and move Age, Gender, and the three design variables of education level
(Uneducated, Primary and Secondary) into the Independent(s): box of the Linear Regres-
sion dialogue box. Note that the reference category for education level is Tertiary. Then click
OK.

The three tables of the output are presented below. The first table presents the coefficient of
multiple determination and adjusted coefficient of multiple determination as 81.8% and 76.5%.
This indicates that about 76.5% of the variation in the patients satisfaction is explained by
the three variables (age, gender and education level) jointly.
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The estimated model is ŷi = 103.041−0.956xi1+5.245xi2−17.382di31−5.353di32−0.331di30; i =
1, 2, · · · , 23. Looking at the parameter estimates table, age is significant but gender is not,
at α = 0.05. Also, since one of the three design (dummy) variables of education level is
significant, education level is a significant factor of patient satisfaction at α = 0.05.

Controlling for all other variables included in the model:

• As the age of a patient increases by 1 year, his/her mean satisfaction level decreases by
0.956%.

• For the given sample, the mean satisfaction level of female patients (relative to male
patients) increases by 5.245%. But, this difference is not significant for the population
in general at α = 5%.

• The interpretation of each design variable of education level is made relative to the
tertiary education which is the reference category.

– The mean level of satisfaction between uneducated patients and tertiary educated
patients is significantly different, but the other two design variables representing
primary vs tertiary and secondary vs tertiary are not significant at α = 5%.

– Therefore, it can be concluded the mean level of satisfaction of uneducated patients
decreases by 17.382% relative to educated (primary, secondary or tertiary) patients.
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Chapter 8

Logistic Regression Models

8.1 Binary Logistic Regression

A binary variable has two categories, for example: alive or dead; development of cancer: yes
or no. One of the categories is labeled as ”success” and the other as ”failure”. Mostly, the
success is coded by 1 and the failure is coded by 0. A statistical model used for binary outcome
variable is binary logistic regression. This technique is simply referred as logistic regression.
But, the binary is used here, to distinguish it from other (multinomial and ordinal) logistic
regression models.

Binary logistic regression models the logit of the probability of the success outcome. The
logit is the natural logarithm of the odds of success (log-odds). An odds is the probability of
success divided by the probability of failure.

The model is of the form:

logit(π̂) = log

(
π̂

1− π̂

)
= β̂0 + β̂1x1 + β̂2x2 + · · ·+ β̂kxk + · · ·+ β̂pxp

where

• π̂ is the estimated probability of success.

• β̂0 is the estimated intercept of the logit model.

• β̂k; k = 1, 2, · · · , p is the kth slope parameter estimate.

The parameter estimates are interpreted in terms of odds ratio, OR=exp(βk).

• Given β̂k > 0 ⇒ OR> 0. For each unit increase in the kth independent variable, the
odds of success increases by a factor of exp(β̂k).

• Similarly, given β̂k < 0 ⇒ OR< 0. For each unit increase in the kth independent
variable, the odds of success decreases by a factor of exp(β̂k).

From the Menu bar, click on Analyze → Regression → Binary Logistic.... Then, in
the Logistic Regression dialogue box, enter the dependent (response) variable in the De-
pendent: box and enter all the independent (explanatory) variables in the Covariates:
box.
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• Unlike the Linear Regression procedure, there is no need to create dummy variables
for qualitative (categorical) independent variables in the Logistic Regression proce-
dure.

• By clicking on the Categorical button, all the categorical independent variables can
be moved into the Categorical Covariates: box. This will internally create dummy
variables for all those categorical variables.

Example 8.1. Using the JUSH HAART data, suppose, we are interested in identifying the risk
factors associated with HAART treatment defaulter patients. Let’s consider three explanatory
variables: age in years (Age), sex of the patients (Gender: 1=Male, 2=Female) and functional
status (FunStat: 0=Working, 1=Ambulatory, 2=Bedridden). Let us fit the logit model and
interpret.

The response variable takes the value yi = 1 if the patient was defaulted and yi = 0 otherwise
(if the patient was on the treatment). The design variables for Functional Status are:

Design Variables
Functional Status Ambulatory (d31) Bedridden (d32)

Working 0 0
Ambulatory 1 0
Bedridden 0 1

Now the model can be written as

logit π = β0 + β1 Agei + β2 Genderi + β31 Ambulatoryi + β32 Bedriddeni

The parameter estimates of the model are provided in the Variables in the Equation table
of the output.
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As it can be seen from this result, Age, Gender and Functional Status (since both of the
design variables are significant) are significant at 5% level of significance.

• When the age of a patient increases by one year, the odds of being defaulted decreases
by a factor of 0.971 (AOR=0.971, 95%CI: 0.956-0.986) assuming all other variables are
same.

• Also, males are 1.700 times more likely (AOR=1.700, 95%CI: 1.299-2.224) to default
than females, that is, the odds of being defaulted is 70.0% higher (AOR=1.700, 95%CI:
1.299-2.224) for males than for females, assuming the other variables constant.

• Again, assuming all other variables constant, working and ambulatory patients are
74.3% (AOR=0.257, 95%CI: 0.148-0.448) and 54.6% (AOR=0.454, 95%CI: 0.256-0.806)
times less likely to be defaulted than bedridden patients, respectively.

8.2 Multinomial Logistic Regression

A multinomial variable has multiple categories with no sensible ordering, for example: cause
of death, type of cancer. A statistical model used for multinomial outcome variable is multi-
nomial (also called nominal) logistic regression.

One of the categories is taken as a reference (either the most frequent category or the one to
which we wish to draw contrast to). Then, multinomial logistic regression models the logit of
each outcome category instead of the reference category. If the number of outcome categories
is J , then there will be J − 1 comparisons (logit models).

Given four categories, A, B, C and D, and the reference category is A. Then, the multinomial
logistic regression calculates the logit for being in category B versus A, category C versus A,
and category D versus A.

The model is of the form:

log

(
π̂j
π̂J

)
= β̂0j + β̂1jx1 + β̂2jx2 + · · · β̂kjxk · · ·+ β̂pjxp; j = 1, 2, · · · , J − 1

where

• π̂j is the estimated probability of the jth category.
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• β̂0j is the estimated intercept of the jth logit model.

• β̂kj ; k = 1, 2, · · · , p is the kth slope estimate of the jth logit model.

Like a binary logistic regression, the parameter estimates are interpreted in terms of odds
ratio, OR=exp(βkj).

• Given β̂kj > 0 ⇒ OR> 0. For each unit increase in the kth independent variable, the

odds of category j (instead of category J) increases by a factor of exp(β̂kj).

• Given β̂kj < 0 ⇒ OR< 0. For each unit increase in the kth independent variable, the

odds of category j (instead of category J) decreases by a factor of exp(β̂kj).

From the Menu bar, click on: Analyze → Regression →Multinomial Logistic.... Then,
in the Multinomial Logistic Regression dialogue box, enter the dependent (response)
variable in the Dependent: box, and move all the qualitative and quantitative independent
(explanatory) variables into the Factor(s): and Covariate(s): box, respectively.

Example 8.2. Based on the survival outcome of HAART treatment, HIV/AIDS patients
were classified into four categories (0= Active, 1= Dead, 2= Transferred to other hospital,
3= Lost-to-follow). To identify factors associated with these survival outcomes, let us fit a
multinomial logit model with three explanatory variables: Age, Gender (1= Male, 2=Female)
and Functional Status (0= Working, 1= Ambulatory, 2= Bedridden).

The output is:
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• Effect of Age:

– The odds of being dead (instead of active) is independent of the age of the patient
at α = 5%.

– As the age of the patient increases by 1 year, the odds of being transferred to other
hospital (instead of active) decreases by 3% (AOR=0.970, 95%CI: 0.947-0.994).

– An increase by 1 year in the age of the patient decreases the odds of being lost-to-
follow (instead of active) decreases by 3.1% (AOR=0.969, 95%CI: 0.949-0.989).

• Effect of Gender:

– The odds of being dead (instead of active) is independent of the gender of the
patient at α = 5%.

– The odds that male patients being dead (instead of active) is 1.887 times that of
females, or male patients are 1.887 times more likely (AOR=1.887, 95%CI: 1.247-
2.854) to be dead (instead of active) than female patients.

– The odds of being lost-to-follow (instead of active) for male patients is 1.575 times
odds of being lost-to-follow (instead of active) for females, or male patients are
57.5% more likely (AOR=1.575, 95%CI: 1.111-2.233) to be lost-to-follow (instead
of active) than female patients.

• Effect of Functional Status:
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– Working and ambulatory patients are 0.102 (AOR=0.102, 95%CI: 0.040-0.261) and
0.262 (AOR=0.262, 95%CI: 0.101-0.680) times less likely, respectively, to be dead
(instead of active) than those bedridden patients.

– Similarly, working patients are 79.5% (AOR=0.205, 95%CI: 0.095-0.443) and 56.3%
(AOR=0.437, 95%CI: 0.201-0.948) times less likely to be transferred to other hos-
pital and lost-to-follow, respectively, (instead of active) than bedridden patients.

– But, the odds of being transferred to other hospital and lost-to-follow (instead of
active) are not significantly different between ambulatory and bedridden patients
at 5% level of significance.

8.3 Ordinal Logistic Regression

An ordinal variable has multiple categories that can be ordered or ranked, for example; ane-
mia level (mild, moderate, severe). Mostly ”larger” values are assumed to correspond to
”higher” outcome categories. A statistical model used for ordinal outcome variable is ordinal
logistic regression.

Ordinal logistic regression models the cumulative logits at all possible dichotomization cut-
points of the ordinal outcome. If the number of outcome categories is J , then there will be
J − 1 ways of dichotomizations (comparisons). For example, in a 5-level ordinal outcome,
there are 4 possible cut-points: 1 versus 2-5, 1-2 versus 3-5, 1-3 versus 4-5, and 1-4 versus 5.

There is an assumption called proportional odds. Proportional odds means that the effect is
about the same regardless of the cut-point of the ordinal variable.

The model is:

log

[
π̂(y ≤ j)
π̂(y > j)

]
= β̂0j + β̂1x1 + β̂2x2 + · · ·+ β̂kxk + · · ·+ β̂pxp; j = 1, 2, · · · , J − 1

where

• π̂(y ≤ j) is the estimated cumulative probability of category j and below.

• β̂0j is the estimated intercept of the ordinal logit model.

• β̂k; k = 1, 2, · · · , p is the kth cumulative slope estimate of the ordinal logit model..

The parameter estimates are interpreted in terms of (cumulative) odds ratio, COR=exp(βk).

• Given β̂k > 0 ⇒ COR> 1. For each unit increase in the kth independent variable, the
odds of higher categories increases by a factor of exp(β̂k).

• Given β̂k < 0 ⇒ COR< 1. For each unit increase in the kth independent variable, the
odds of higher categories decreases by a factor of exp(β̂k).

An ordinal logit model has a proportionality assumption which means the distance between
each category is equivalent (proportional odds assumption).
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From the Menu bar, click on: Analyze→ Regression→ Ordinal.... Then, in the Ordinal
Regression dialogue box, enter the dependent (response) variable in the Dependent: box,
and move all the qualitative and quantitative independent (explanatory) variables into the
Factor(s): and Covariate(s): box, respectively.

Example 8.3. To determine the effect of Age, Gender (0= Female, 1=Male) and Education
Level (0= No Education, 1= Primary, 2= Secondary, 3= Tertiary) on the baseline Clinical
Stage of HIV/AIDS patients (1= Stage I, 2= Stage II, 3= Stage III and 4= Stage IV) at the
time of starting the HAART treatment, the following parameter estimates of ordinal logistic
regression are obtained.

The parameter estimates are presented below (SPSS provides only the parameter estimates,
it does not provide cumulative odds ratios).

• The cumulative estimates associated with age β̂1 = 0.003 (corresponding cumulative
odds ratio exp(0.003) = 1.003) suggests that the cumulative probability starting at
the clinical stage IV end of the scale increases as the age of the patient increases (an
increase in the age of the patient leads to be in higher clinical stages) given the gender
and education level. But, it is not significant at 5%.

• The estimate β̂2 = −0.220 (corresponding cumulative odds ratio exp(−0.220) = 0.803)
indicates the estimated odds of being in the clinical stage below any fixed level for males
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are 0.803 times the estimated odds for female patients (females are more likely to be
in lower clinical stages as compared to males or males are more likely to be in higher
clinical stages as compared to females) given the age and education level of the patient.

• Patient with no education are 1.631 (cumulative odds ratio exp(0.489) = 1.631) times
more likely to be in higher clinical stages than those patients with tertiary education.
But, the effects of primary and secondary education compared to tertiary education are
not significant.
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Chapter 9

Survival Models

9.1 Cox Regression

Cox regression is used for modeling for time-to-occurrence of an outcome of interest, such as
time-to-death, time-to-development of cancer. If the outcome of interest occurs, it is called
an event. If the outcome of interest does not occur, it is called a censored.

Cox regression models the natural logarithm of the relative hazard of the event of interest.
A hazard is the probability of the event during any given time point. Calling the probability
of a bad event of interest, like death, ”hazard” might not be strange. But, it feels strange to
think of the hazard of a positive outcome, like recurring from a disease. But technically, it is
the same thing.

The model is: log ĥ(t) = β̂0 + β̂1x1 + β̂2x2 + · · ·+ β̂kxk + · · ·+ β̂pxp. where

• ĥ(t) is the estimated hazard rate at time t.

• β̂0 is the estimated intercept of the log hazard model.

• β̂k; k = 1, 2, · · · , p is the kth slope parameter estimate.

Estimates are interpreted in terms of hazard ratio, HR=exp(βk).

• Given β̂k > 0 ⇒ HR> 1. For each unit increase in the kth independent variable, the
relative hazard increases by a factor of exp(β̂k).

• Given β̂k < 0 ⇒ HR< 1. For each unit increase in the kth independent variable, the
relative hazard decreases by a factor of exp(β̂k).

From the Menu bar, click on: Analyze → Survival → Cox Regression. Next, in the Cox
Regression dialogue box, enter the time-to-event response in the Time: box, and move
all the independent (explanatory) variables into the Covariate(s): box. Then, click on the
Categorical button to move all the categorical independent variables into the Categorical
Covariates: box.
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Example 9.1. To determine the effect of Age, Gender (0= Female, 1=Male) and Clinical
Stage (1= Clinical Stage I, 2= Clinical Stage II, 3= Clinical Stage III, 4= Clinical Stage IV)
on the time-to-defaulting from the HAART treatment, Cox regression were fitted.

The parameter estimates are provided in the Variables in the Equation table of the output.
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• As the age of the patient increases by 1 year, the hazard of defaulting decreases by a
factor of 0.969 (AHR=0.969, 95%CI: 0.956-0.983).

• The hazard of defaulting for male patients increases by 63.1% (AHR=1.631, 95%CI:
1.295-2.054) relative to female patients.

• The hazard for patients who were in clinical stage I and II when starting the treatment
are 0.478 (AHR=0.478, 95%CI: 0.308-0.744) and 0.580 (AHR=0.580, 95%: 0.386-0.871)
times the hazard of those patients who were in clinical stage IV. But, the hazard of
defaulting for patients who were in clinical stage III is not significantly different from
those patients who were in clinical stage IV.

Note: In the Cox modelling, there is an assumption of proportional hazards. The assumption
is that the hazards for persons with different patterns of factors (covariates) are constant over
time. For example, if the relative hazard of heart attack among diabetics is three times higher
than among nondiabetics in the first year of the study, the relative hazard of heart attack
must also be (about) three times higher among diabetics than nondiabetics in the second year
of the study. Note that the hazard for a heart attack can be very different in the first year
than in the second year (e.g., much higher in the first year than in the second year), but the
difference between the hazards for diabetics and nondiabetics must be constant throughout
the study period.
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