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1. Overview

2. p of Independent-means t-test
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Overview
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p value

• Ho: µ1 = µ2

• H1: µ1 ≠ µ2

ü p ≤ .05 Ø Reject Null Hypothesis Ø We have enough evidence to 

conclude that the difference between groups is statistically significant.

ü p > .05 Ø Failed to reject Null Hypothesis Ø We don’t have enough 

evidence to conclude that the difference between groups is statistically 

significant.
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p of
 Independent-means t-test
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Features - Comparing 2 groups

p ≤ 0.05: 

1. Larger difference between 2 groups ( |!𝒙𝟏 − !𝒙𝟐|  á) 

2. Lower variability in each group (s1 s2 â)

3. Increase sample size (n1 n2 á)

6



Standard Deviation of sample

• Spread out of data on both side of mean:

ü 𝐬 = Σ(xi − 𝐱)2 

𝐧	$𝟏
 

• Small s = more agreement in data.
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Sample size = 10 9 5 0
9 5 0
9 5 0
9 5 0
9 5 0
10 10 10
10 10 10
10 10 10
10 10 10
10 10 10

Mean 9.5 7.5 5
Standard Deviation 0.5 2.5 5



Decision tree for statistical analysis

Statistical analysis decision tree for testing significance of differences
Borghini YC. An Assessment and Learning Analytics Engine for Games-based Learning (Doctoral 
dissertation, University of the West of Scotland).
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Assumptions of Independent-means t-test

a. Independence: Observations are independent of one another. 

b. Measurement scale: numeric data - interval level or ratio level.

c. Normality: The variable is normally distributed in each population.

d. Homogeneity of variance: Equal variances between groups. 
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Calculate manually – t and df

Equal Variance Unequal Variance
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%x1 ; %x2	: Mean 
s! ; s" : Standard deviation 
n1 ; n2 : Sample size
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Calculate manually – Critical value of t for two-tailed test

Example:

• t = 3.4

• df = 154

Ø p < 0.001
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Calculate manually – Critical value of t for two-tailed test

• Similar df: t↑ ð p↓

• df↑ and t↑ ð p↓

• Compare 2 groups

Ø df↑ and t↑ ðp↓ 
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Components affect t and df
Equal Variance

t formula

df

t =
%x1	 − %x2
s#"
n1
+
s#"
n2

s#" =
n1− 1 s!" + n2− 1 s""

n1+ n2− 2
	

df	= n1+ n2−2

Equal variance
t df p

|%x1 - %x2|    á â

s! ; s"     â â

n1 ; n2    á â
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Components affect t and df
Equal Variance

t formula

df

Equal variance
t df p
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Components affect t and df
Equal Variance

t formula

df df	= n1+ n2−2
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Case 1: |!𝐱𝟏 - !𝐱𝟐|á ð pâ 

Group1: 60 value, mean1 = 55, s1 = 10.48, [44,94]
Group2: 60 value, mean2 = 62, s2 = 9.68  , [42,83]

Run t-test for group1, group2

Group1: mean1 = mean1+1

Target mean 
= 80
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Case 1: |!𝐱𝟏 - !𝐱𝟐|á ð pâ 

• A larger mean difference between the two groups will increase the likelihood of 

finding a statistically significant result (|"𝐱𝟏 - "𝐱𝟐|á ð pâ ) 18

Equal variance
t p

|%x1 - %x2|    á á â

s! ; s"     â â

n1 ; n2    á â



Components affect t and df
Equal Variance

t formula

df df	= n1+ n2−2

Equal variance
t df p

|%x1 - %x2|    á á â

s! ; s"     â
n1 ; n2    

19

t =
%x1	 − %x2
s#"
n1
+
s#"
n2

s#" =
n1− 1 s!" + n2− 1 s""

n1+ n2− 2
	



Components affect t and df
Equal Variance

t formula

df df	= n1+ n2−2

Equal variance
t df p

|%x1 - %x2|    á á â

s! ; s"     â á â

n1 ; n2    
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Case 2: s1 s2â ð pâ 

Group1: 60 value, mean1 = 64, s1 = 10.48, [44,94]
Group2: 60 value, mean2 = 62, s2 = 9.68  , [42,83]

Run t-test for group1, group2

Group1: s1 = s1 - 0.5
Group2: s2 = s2 - 0.5

Target s1
 = 0.5
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Case 2: s1 s2â ð pâ 

• A smaller standard deviation results in less variability within each group, making it 

easier to detect differences between groups. 

• Lower variability makes it more likely to be statistically significant (s1 s2 â ð pâ) 22

Equal variance
t p

|%x1 - %x2|    á á â

s! ; s"     â á â

n1 ; n2    á â



Components affect t and df
Equal Variance

t formula

df df	= n1+ n2−2

Equal variance
t df p

|%x1 - %x2|    á á â
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Components affect t and df
Equal Variance

t formula

df df	= n1+ n2−2
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Case 3: n1 n2á ð pâ 

Group1: 60 value, mean1 = 64, s1 = 10.48, [44,94]
Group2: 60 value, mean2 = 62, s2 = 9.68  , [42,83]

Run t-test for group1, group2

Group1: n1 = n1 + 1 
Group2: n2 = n2 + 1

Mean different between group unchanged

Target n
 = 500
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Case 3: n1 n2á ð pâ 
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Equal variance
t df p

|%x1 - %x2|    á á â

s! ; s"     â á â

n1 ; n2    á á á â



Case 3: n1 n2á ð pâ 
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t =
#x1	− #x2

n1− 1 s&' + n2− 1 s''
n1− 1)n1+ (n2− 1 n1

+ n1− 1 s&' + n2− 1 s''
n1− 1)n2+ (n2− 1 n2



Case 3: n1 n2á ð pâ 

• Sample size increases, more likely to detect statistically significant differences (n1 n2á ð pâ)
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Components affect t and df
Equal Variance Unequal Variance

t formula

df

t =
"x1	− "x2
s!"
n1
+ s"

"

n2

df	= n1+ n2−2 df	=
(!"
#

$"%
!#
#

$#)
#

(
!"
#
$")

#

$"'"%
(
!#
#
$#)

#

$#'"

Equal variance Unequal variance
t df p t df p
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n1 ; n2    á á á â á áâ â
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t =
%x1	 − %x2
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Conclusion p
Independent-means t-test

p ≤ 0.05: 

1. Larger difference between 2 groups ( |!𝒙𝟏 − !𝒙𝟐|   |med1−med2| á) 

2. Lower variability in each group (s1 s2 â)

3. Increase sample size (n1 n2 á)
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