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➢ For continuous variables, we are interested in:

① Measures of central tendency → mean, median, mode
② Measures of location → quartiles, percentiles
③ Measures of dispersion and spread→ standard deviation, variance, minimum, 

maximum, range, SE, outliers
④ Shape of data distribution → symmetry, skewness, kurtosis



➢ Continuous variables are measured at the scale level.

o Scale variables → with numeric values measured by an interval 
or ratio scale.

▪ A quantitative scale with no 
true zero and no equal 
intervals between neighboring 
points (e.g., temperature of 
40°C is not as twice as 20°C).

▪ Examples: temperature, pH, 
and Likert scale

▪ A quantitative scale where there is 
a true zero and equal intervals 
between neighboring points. 

▪ Examples: length, weight, income 
and age.



➢ For categorical variables, we are interested in:

① Frequencies → Number of cases in each category 
② Percentages → Proportions of cases in each category
③ Mode → The most frequent category

➢ Categorical variables are measured at the nominal or ordinal levels.

▪ Variables with categories that 
have no logical order or 
ranking. 

▪ Example: “gender” with “male” 
and “female” categories.

▪ Variables with categories that 
have a logical order or ranking. 
and it is possible to measure 

▪ Example: “degree of pain” with 
“mild”, “moderate” and “severe” 
categories.



Descriptive Statistics

Frequencies
Descriptives

Explore

Compare Means Means

Summary 
statistics for the 

entire sample

Descriptive 
statistics for 

sample subsets





▪ To produce frequency distributions of categorical variables (nominal or ordinal),
▪ To obtain measures of central tendency and dispersion as well as distribution of 

scale variables
▪ To obtain percentile ranks of data on an ordinal scale (not included in the 

Descriptives or Explore commands).

For categorical 
variables only

①

②

③



Frequencies: Statistics① Frequencies: Charts②

Bar/Pie charts ➔ categorical variables
Histograms ➔ scale variables 
 

Not found in 
“Descriptives”



Use the descriptives.sav file to calculate 
Frequencies of the following variables: height, 
weight and age.

Practice



➢ In “Frequencies” window, move the variables to be analyzed into “Variable(s)” box
➢ Click “Statistics” button and select the appropriate options in “Frequencies: 

Statistics” window → Click the Continue button 
➢ Click “Charts” button and select “Histograms” and tick “Show normal curve on 

histogram” option → Click Continue button. 
➢ Click OK button.



Output



Output



Practice

Use the descriptives.sav file to calculate 
Frequencies for the following variables: gender, 
marital status and level of education.



➢ In “Frequencies” window, move the variables to be analyzed into “Variable(s)” box 
→ Tick “Display frequency tables”

➢ Click “Statistics” button and choose Mode in “Frequencies: Statistics” window → 
Click the Continue button 

➢ Click “Chart” button and select “Bar charts” or “Pie charts” and choose 
“Percentage” option from “Chart  Values”→ Click Continue button. 

➢ Click OK button.



Output



Output





▪ To obtain quick summaries of scale variables, or to compare several scale 
variables.

Scale variables 
only

①
Statistics (no charts)

To transform 
variables into a 
standard normal 
distribution



Descriptives: Options①

Descriptives ➔ scale variables 
 



Use the descriptives.sav file to obtain quick 
summaries for the Descriptives of the following 
variables: height, weight and age.

Practice



➢ In “Descriptives” window, move the variables to be analyzed into “Variable(s)” box
➢ Click “Option” button and select the appropriate options in “Descriptives: Options” 

window → Click the Continue button 
➢ Click OK button.



Output





▪ To deeply investigate scale variables, with or without grouping variables 
(sample subsets). 

▪ To produce confidence intervals, normality tests, and plots

Options to handle missing 
data

Scale variables

Categorical 
variables

①
②



Explore: Statistics① Explore: Plots②

Spread vs Level with Levene Test➔ for 
testing the homogeneity of variance 
between the groups.



Practice

Use the descriptives.sav file to describe the height of 
study participants by their gender.



➢ In “Explore” window, move “Height” variable to the “Dependent List” box and 
“Gender” to the “Factor List” box.

➢ Click “Statistics” button → tick Descriptives → Click the Continue button 
➢ Click “Plots” button→ tick the options as shown below → Click the Continue button
➢ Click “Options” button → tick Exclude cases pairwise → Click the Continue button
➢ Click OK button.



Output

5% Trimmed mean ➔ The mean calculated after 
excluding the lowest 5% and highest 5% of the data



Normality and Homogeneity

Significant difference from 
normal distribution → 
Non-normal distribution

Significant difference in 
variance between groups 



Histograms



Normal Q-Q Plots

Normal Q-Q plot: a scatterplot of two sets of quantiles against one another. If 
both sets of quantiles came from the same distribution, we should see the points 
forming a diagonal line that's roughly straight. 

Note



Detrended Normal Q-Q Plots

Detrended normal Q-Q plot: a scatterplot of deviations from the normal 
distribution around a straight line that represents the perfectly normal 
distribution.. 

Note



Boxplots





➢ Bilaterally symmetrical bell-shaped curve.
➢ Approximately equal mean and median.
➢ Data description: mean and SD.
➢ Standard normal distribution (Z distribution): 

mean = 0 and SD = 1.

➢ The following assumptions about the data distribution can be made:
• 68% of the data falls within 1 SD of the mean.
• 95% of the data falls within 2 SD of the mean.
• 99.7% of the data falls within 3 SD of the mean.

Note



➢ Asymmetrical curve.
➢ Positive skewness: mean > median.
➢ Negative skewness: mean < median.
➢ Data description: median and IQR (also used for data 

from very small sample sizes).







➢ A prerequisite for many statistical tests.

▪ Lack objectivity.
▪ Through graphs and plots 

(histograms, Q-Q plots, P-P 
plots, boxplots)

▪ Objective judgement of normality.
▪ Not sensitive enough at low 

sample sizes
▪ Overly sensitive to large sample 

sizes. 

Most statisticians prefer to rely on numerical methods and statistical tests for 
normalityNote



▪ In SPSS, there are two tests for the normality of data distribution.
① Kolmogorov–Smirnov (K-S) test 
② Shapiro–Wilk (S-W) test
➢ For both tests, a P-value (Sig.) less than 0.05 provides evidence that the 

distribution is significantly different from normal ➔ Non-parametric tests 
should be used for statistical analysis.



Use the descriptives.sav file to check for the 
distribution normality of weight according to gender 
using normality tests.

Practice



➢ In “Explore” window, move “Weight” variable to the “Dependent List” box and 
“Gender” to the “Factor List” box.

➢ Click “Plots” button→ tick “Normality plots with tests”→ Click the Continue button
➢ Click OK button.



Output

The P-values of both K-S and S-W tests are significant 
➔ Suggesting non-normal distribution (Null 
hypothesis is rejected)





A nonparametric test for normality.
To test if a continuous variable follows a normal distribution.



Nonparametric Tests One Sample

Command Path



Use the descriptives.sav file to check for the 
distribution normality of weight using one-sample 
K-S test.

Practice



➢ Click the One Sample button, and tick “Automatically compare observed data to 
hypothesized” in the “Objective” window → Click the “Fields”  button.

➢ Tick the option “Use custom field assignments” in the “Fields” window and move 
“Weight” to “Test Fields” box → Click the “Settings”  button.

➢ Tick the option  “Customize settings”, tick “Kolmogorov-Smirnov test” → click 
“Options” and select “Normal” > “Use sample data” → Click the OK and Run buttons.



Output

Non-normal 
distribution of weight 
in pounds





▪ “Descriptives” can be used to standardize values ➔ To convert values to Z-
scores (Z-values or standard normal scores) 

Z-score: SD units of each value away from the mean ➔ Positive Z-score 
(above the average) and negative Z-score (below the average)

• To convert normal distribution to standard normal distribution, and to 
convert non-normal to normal distribution (if possible).

• To allow for comparing  different scores from different normal distributions 
(irrespective of the measurement units).



Descriptive Statistics Descriptives

Command Path



Use the descriptives.sav file to standardize the Weight 
variable.

Practice



➢ In “Descriptives” window, move “Weight” variable to the “Variable(s)” box and tick 
the option “Save standardized values as variables” → Click “Options” button.

➢ Tick “Mean” and “Standard deviation” options (default) in the “Descriptives: 
Options” window → Click the Continue button

➢ Click OK button.



Output

▪ A new variable called “Zweight” is 
added to the dataset ➔ Standard 
normal distribution. 





▪ Used to test statistically 
significant differences between 
groups when the study sample 
has a normal distribution 
regarding the continuous 
variable of interest.

▪ Used to test statistically significant 
differences between groups when 
scale data is non-normally 
distributed (distribution-free tests), 
data of interest are frequency 
counts, or when the dependent 
variable is not scaled.

▪ Also called “rank tests” because 
they depend on the ranks of data 
(ordinal level of measurement).

Parametric tests are more powerful than nonparametric tests.Note



One-Sample 
Hypothesis Testing



One-Sample Statistical Tests





The  t  test  is  robust  and  can  handle  violations  of  the  assumption  of  a 
normal distribution

To test whether a sample mean is significantly different from a hypothesized 
mean value in a population (e.g. a national average or a mean from a literature 
review).

① The variable is measured at the scale level.
② The data of the variable are normally distributed.
③ Existence of a hypothesized mean for comparison.

Note



Compare Means One Sample T test

Command Path



Use the descriptives.sav file to compare the mean 
weight of the study population (155.42 pounds) with 
that published in the literature (suppose it to be 140.00 
pounds)

Practice



➢ In “One-Sample T test” dialog box, move “Weight” variable to the “Test Variable(s)” 
panel 

➢ Set the “Test Value” at “140” “→ Click OK button.



Output

P < 0.05 ➔ 
statistically significant 

difference

The 95% CI does not 
include zero ➔ 

statistically significant 
difference



Reporting

The mean weight of the study population was significantly 
higher than the expected mean of 140.00 pounds reported in 
literature (P < 0.001).





To test whether a sample median is significantly different from a hypothesized 
median value in a population (e.g. a national average or a median from a 
literature review).

① The variable is measured at the scale level.
② The data of the variable are not normally distributed.
③ Existence of a hypothesized median for comparison.

The alternative nonparametric test that may be used when the 
assumptions required of the one-sample t-test are not met.

It uses the ranks of values of the scale variable measured at the ordinal level.



Nonparametric Tests One Sample

Command Path



Use the descriptives.sav file to compare the median 
weight of the study population (153.15 pounds) with 
that published in the literature (suppose it to be 140.00 
pounds)

Practice



➢ Tick the option  “Customize settings”, tick “Compare median to hypothesized 
(Wilcoxon signed-rank test)” → Set the value of “Hypothesized median” to 
“140.00”→ Click Run button.

➢ Click the One Sample button, and tick “Automatically compare observed data to 
hypothesized” in the “Objective” window → Click the “Fields”  button.

➢ Tick the option “Use custom field assignments” in the “Fields” window and move 
“Weight” to “Test Fields” box → Click the “Settings”  button.



P < 0.05 ➔ 
statistically significant 

difference

Output



Reporting

The median weight of the study population was significantly 
higher than the median weight of 140.00 pounds reported in 
the literature (P < 0.001).





To determine whether the sample proportion of one category in a binary 
(dichotomous) variable equals a hypothesized proportion value.

① The variable is dichotomous.
② The observations are independent.
③ Existence of a hypothesized proportion for comparison.

Principally used with categorical data to test the equality of 
proportions ➔ Whether the proportion of cases in one of only 
two possible categories is equal to a pre-specified proportion 

Also called “one-sample proportion test”.



Nonparametric Tests

Rashad Abdul-Ghani

One Sample

Command Path



Use the descriptives.sav file to to compare the 
proportion of males (51.8%) with that published in the 
literature (suppose it to be 75.0%)

Practice

The test compares the first category of the binary variable ➔ One should check 
the coding of the categories.Note



➢ It is performed using the same steps of one-sample Wilcoxon signed-rank test, 
with the exception that “gender” is moved to the “Test Fields” panel and 
“Compare observed binary probability to hypothesized (Binomial Test)” is chosen 
in the “Settings” window



➢ Click “Options” button, set the “Hypothesized proportion” at “0.75”and tick the 
option “Clopper-Pearson (exact)” under Confidence Interval.

➢ Click “OK”



P < 0.05 ➔ 
statistically significant 

difference

Output



Output

➢ By double-clicking on the “Hypothesis Test Summary”, we can obtain the 95% CI.



Reporting

The proportion of males in the study population (51.8%, 95% 
CI: 46.7-56.7) was significantly lower than the proportion of 
75.0% reported in the literature (P < 0.001).



Another Option!



P < 0.05 ➔ 
statistically significant 

difference

Output





A nonparametric test used to test whether frequency distribution (proportion) of 
one categorical variable differs from an expected (theoretical) distribution.

① One categorical variable (nominal or ordinal)
② Independent observations
③ Relatively large sample size

Also called one-sample chi-square test, or multinomial test.

The  closer  the  expected values are to the observed values, the smaller the 
value of chi-square ➔ Larger chi-square values means larger differences 
in the observed vs. expected values, which may then lead to rejection of the 
null hypothesis.

• The expected  frequency  for  each  category  is  at  least  1  
• The expected frequency is at least 5 for 80% or more of the categories



Nonparametric Tests Legacy Dialogs

Command Path

Chi-square



Practice

For a dichotomous variable, it is better to use a binomial test because it gives 
the exact instead of the approximate significance level.Note

Use the dataset chi-square_goodness-of-fit.sav to test 
if the flavors of candies (orange, lemon and 
strawberry) are preferred by children equally.



➢ In the “Chi-square Test” window, move the categorical variable “Preferred flavor of candies” 
into the “Test Variable List” panel ➔ Tick “All categories equal” option 

➢ Click “Options” button → Tick “Descriptive” option ➔ Click “Continue” and “OK” buttons.



Output

P <0.05 ➔ 
Statistically 
significant 

difference from 
random

Not needed Categories

No. of cases

No. of expected observations are 
equal as per the hypothesis (no 

difference

Differs the most 
from expected

Consistent with the 
assumption for chi-square 
test

Candy flavor were distributed 
unequally ➔ There is a 
preference for a particular candy 
flavor, which is “Orange”

Differences between observed and expected 
frequencies.



Reporting

A chi-square goodness-of-fit test showed that there were 
statistically significant differences in the preference of the type 
of candy flavor among children (χ2 = 6.067, P = 0.048), with most 
children preferring the orange-flavoured candies. 



Another Option!



Output

Significant difference in 
the preference of candy 

flavours



The two  data-processing methods for conducting chi-
square goodness-of-fit test in SPSS

Nonparametric Tests ➔ 
Legacy Dialogs

Nonparametric Tests ➔ One 
Sample

R
e

m
e

m
b

e
r!



Hypothesis Testing of 
Two Samples –

Independent Samples



Statistical Tests for Two Independent Samples





To compare the means of two independent samples.

① Independent samples (each case must be in one group only).
② Independent measurements (only one measurement for each case)
③ Dependent variable is scale and normally distributed, while the grouping 

variable is dichotomous.
④ Homogeneity of variances between the two groups.

Significant difference between the sample means ➔ 
inference that the unknown means of the population 
are also different.

Also called Unpaired t-test
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