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Common Applications of the t-Test

testing the difference between 
experimental and control groups

the differences between males and 
females

the difference between two teaching 
strategies,

the difference between a pretest and a 
posttest



•Ho is 
rejected

•Ha is 
accepted

tobt ≥ ttable

tobt : the calculated value of t 

ttable: the critical value as determined from the 
table

Ho: the null hypothesis

Ha: the alternative hypothesis

#1 Use of t-test



To see if a correlation coefficient is 
significantly different from zero (no 
correlation) 

To compare a mean to a set value

#2 Use of t-test



The t-Test
 The t-test is one of the most statistical tests.
 Common applications include testing the 

difference between experimental and control 
groups, the differences between males and 
females, the difference between two teaching 
strategies, or the difference between a pretest 
and a posttest.

 As a mean difference increases (all other 
things being equal), the value of the t level 
increases, and the p level decreases.

 When the value of the p drops below the 
scientifically established threshold (.05), it is 
said that the mean difference is significant 
(and probably not due to chance).



Uses of t-test

 To test the null hypothesis that the 
means of two groups are the same. (i.e. if 
the calculated value of t is greater than or 
equal to the critical value as determined 
from the table, the null hypothesis is 
rejected).

 To see if a correlation coefficient is 
significantly different from zero (no 
correlation) and to compare a mean to a 
set value.



Types of t-test

1. The independent-samples t-
test, is used in designs in which 
there are different subjects in each 
group, for example, two randomly 
assigned groups on a posttest of 
achievement. 

2. The dependent-samples, 
correlated, or matched t-test, 
is used if the subjects in the 
groups are paired or matched in 
some way.



Examples

1. “Significant differences were found 
between experimental and control 
teachers in the use of the experimental 
instructional practices…the mean 
combined valence score for the 15 
observed experimental teachers was 
1.03 (SD = 12.99) while the mean 
valence score for the 17 observed 
control teachers was -13.11 (SD = 
13.74). This difference was significant (t
= 3.02, df = 31, p < .05).” (Hawkins, Doueck, 
and Lishner, 1988, p.40)



Examples

2. “All three predictions were statistically 
supported. For the free-recall measure, 
the mean performance of students in 
both picture conditions surpassed that of 
students in the no-picture control 
condition, ts = 3.66 and 3.18 for 
mnemonic and nonmnemonic, with no 
significant difference between the two 
picture variations, t < 1.” (Mastropieri, Scruggs, 
and Levin, 1987, p.512)



Examples

3. “For the matched groups’ t-tests the 
mean differences showed relatively 
greater GPA achievement for the high 
extrinsic motivation-low intrinsic 
motivation group, mean differences 
being: most challenging, .04; least 
challenging, .03. The t-test for the 
correlated samples yielded a t of 2.19, p
< .05, for the least challenging 
difference, establishing a statistically 
significant superiority of extrinsic 
motivation over intrinsic motivation 
subjects on GPA in least challenging 
courses.” (Mastropieri, Scruggs, and Levin, 1987, 
p.512)



  Parametric Non-parametric 

Assumed 
distribution Normal Any 

Assumed variance Homogeneous Any 

Typical data Ratio or Interval Ordinal or Nominal 

Data set 
relationships 

Independent Any 

Usual central 
measure Mean Median 

Benefits 
Can draw more 

conclusions 
Simplicity; Less 

affected by outliers 

Tests     

Choosing 
Choosing parametric 

test 
Choosing a non-
parametric test 

Correlation test Pearson Spearman 

Independent 
measures, 2 groups 

Independent-
measures t-test  Mann-Whitney test 

Independent 
measures, >2 

groups 

One-way, 
independent-

measures ANOVA 
Kruskal-Wallis test 

Repeated measures, 
2 conditions Matched-pair t-test Wilcoxon test 

Repeated measures, 
>2 conditions 

One-way, repeated 
measures ANOVA 

Friedman's test 

 

Choosing 
par.test



Choosing Parametric test: Choosing the Test

How many separate samples? 

1 

How many scores for each subject? 

1 
Is standard deviation known? 
Y z-score 
N Single-sample t-test  

2 Matched-pair t-test 
>2 Repeated-measures ANOVA  

2 
Matched samples? (N = independent) 
Y Matched-pair t-test 
N Independent-measures t-test  

>2 

Matched samples? (N = independent) 
Y Repeated-measures ANOVA 

N 
How many independent variables? 

1 Single-factor ANOVA 
2 Two-factor ANOVA   

 



Parametric Test and Test Statistic

Parametric tests assume an underlying Normal 
(bell-shaped) distribution, which is often forced 
through means of samples (see the Central limit 
theorem).

The test statistic in all tests is calculated as:
systematic variation / random variation
= (measured difference between sample means) / 

(mean difference expected by chance)
= (variability between treatments) / (variability 

within treatments)



Principles of Parametric Test
The common principles of measurement are:
• A sample (a set of scores) is measured for 

each population or treatment condition 
• For each sample, the mean and a spread 

figure (sum of squares, variance or standard 
deviation) is calculated. 

• The difference between sample means is 
calculated. This is the numerator of the test 
statistic and indicates systematic (predicted) 
difference between treatment conditions. 

• The variation within each sample indicates 
unsystematic (random, unpredictable) 
variation. This is the denominator of the test 
statistic. 



Design Types

Design types
Single sample designs take data from a single 

sample to test a hypothesis about a single 
population.

Independent-measures designs take separate 
samples from each population or treatment.

Related-samples designs, including repeated-
measures and matched-subjects designs. 

Repeated measures designs have only one 
sample, with each subject being measured in 
all treatment conditions.

In matched-subject designs, each person in 
one sample is matched with a subject in each 
of the other samples.

Choosing
Non-Parametric

Test

Use of
T-test



Choosing Non-Parametric test: Choosing the Test
How many separate samples? 

1 

How many scores for each subject? 

1 
How many measurement categories? 

2 Binomial test 
2+ Chi-square test for goodness of fit  

2 
Can difference scores be ranked? 
Y Wilcoxon test 
N Sign test   

2 

Matched samples? (N = independent) 

Y 
Can difference scores be ranked? 
Y Wilcoxon test 
N Sign test  

N 

Can scores be ranked with few tied values? (independent samples only) 
Y Median test 
Y Mann-Whitney test 
N Chi-square test for independence   

>2 

Can scores be ranked with few tied values? (independent samples only) 
Y Median test 
N Chi-square test for independence 
N Krushkal-Wallas test  

 



Choosing Non-Parametric test: Choosing the 
Test

Discussion
Non-parametric tests do not assume an 

underlying Normal (bell-shaped) 
distribution.

There are two general situations when non-
parametric tests are used:

Data is nominal or ordinal (where means 
and variance cannot be calculated). 

The data does not satisfy other assumptions 
underlying parametric tests. 

Types
Of Data



Types of Data

NOMINAL

ORDINAL

INTERVAL

RATIO



Nominal
The name 'Nominal' comes from the Latin nomen, 
meaning 'name' and nominal data are items which are 
differentiated by a simple naming system. The only 
thing a nominal scale does is to say that items being 
measured have something in common, although this 
may not be described. Nominal items may have 
numbers assigned to them. This may appear ordinal 
but is not -- these are used to simplify capture and 
referencing. Nominal items are usually categorical, in 
that they belong to a definable category, such as 
'employees'.

Example
 The number pinned on a sports person.
 A set of countries.

Back



Ordinal
 Items on an ordinal scale are set into some kind of 

order by their position on the scale. This may indicate 
such as temporal position, superiority, etc.

 The order of items is often defined by assigning 
numbers to them to show their relative position. 
Letters or other sequential symbols may also be used 
as appropriate.

 Ordinal items are usually categorical, in that they 
belong to a definable category, such as '1956 
marathon runners'.

 You cannot do arithmetic with ordinal numbers -- they 
show sequence only.

Example
 The first, third and fifth person in a race.
 Pay bands in an organization, as denoted by A, B, C 

and D.

Back



Interval

 Interval data (also sometimes called integer) is 
measured along a scale in which each position is 
equidistant from one another. This allows for the 
distance between two pairs to be equivalent in 
some way.

 This is often used in psychological experiments 
that measure attributes along an arbitrary scale 
between two extremes.

 Interval data cannot be multiplied or divided.
Example
 My level of happiness, rated from 1 to 10.
 Temperature, in degrees Fahrenheit.



Ratio
 In a ratio scale, numbers can be compared as multiples 

of one another. Thus one person can be twice as tall as 
another person. Important also, the number zero has 
meaning.

 Thus the difference between a person of 35 and a 
person 38 is the same as the difference between people 
who are 12 and 15. A person can also have an age of 
zero.

 Ratio data can be multiplied and divided because not 
only is the difference between 1 and 2 the same as 
between 3 and 4, but also that 4 is twice as much as 2.

 Interval and ratio data measure quantities and hence 
are quantitative. Because they can be measured on a 
scale, they are also called scale data. 

Example
 A person's weight
 The number of pizzas I can eat before fainting



Parametric vs. Non-parametric

 Interval and ratio data are parametric, 
and are used with parametric tools in 
which distributions are predictable (and 
often Normal).

 Nominal and ordinal data are non-
parametric, and do not assume any 
particular distribution. They are used with 
non-parametric tools such as the 
Histogram.



Continuous and Discrete
Continuous measures are measured along a 
continuous scale which can be divided into 
fractions, such as temperature. Continuous 
variables allow for infinitely fine sub-division, 
which means if you can measure sufficiently 
accurately, you can compare two items and 
determine the difference.
Discrete variables are measured across a set 
of fixed values, such as age in years (not 
microseconds). These are commonly used on 
arbitrary scales, such as scoring your level of 
happiness, although such scales can also be 
continuous 



Degrees of Freedom (df)

The number of research subjects less 
two:

(N1 + N2 – 2)

N1: Group 1
N1 : Group 2



Significance Levels (p)

 p is the probability level below which we are 
willing to treat our observed differences as 
significant.

 For example, if we are willing to reject the null 
hypothesis is the probability (p) of obtaining our 
observed difference (or a more extreme one) is 
smaller than or equal to 0.05, then we choose a 
significance level of 0.05, usually written as 
p≤0.05, and often referred to as “the 5 per cent 
level”.

 In linguistics and other socially oriented sciences, 
where measurement is often less exact, a level of 
p≤0.05 is quite common. 
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