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Experimental Data Analysis

1 • Review the project objectives and sampling design

2 • Conduct a preliminary data review

3 • Select the statistical method

4 • Verify the assumptions of the statistical method

5 • Draw conclusions from the data



PURPOSE
* Review the objectives, the sampling design and 
the consistency of the data collection. 

ACTIVITIES
* Review Study Objectives
* Translate the objectives into statistical hypothesis
* Develops the limits on Decision Errors
* Review the sampling designs

TOOLS
* Hypothesis statement
*Sampling concept 
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• Review the project objectives and sampling design
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2
• Conduct a preliminary data review

STATISTICAL 
QUANTITIES

Measures 
of Central 
Tendency

* Mean
* Median 
* Mode

Measures of 
Relative 
Standing

* Quartile
* Percentile

Measures of 
Dispersion

* Range 
* Variance
* Standard 
deviation

* Interquartile 
range

Measures of 
Association

Pearson’s 
Correlation 
Coefficient

Spearman’s 
Rank 

Correlation

Serial 
Correlation
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Box-and-Whiskers 
Plot

Quantile Plot and 
Ranked Data Plots

Plots for Two or 
More Variables

Scatterplot

Extensions of the 
Scatterplot

Empirical Quantile-
Quantile Plot
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Time Plot

Lag Plot

Plot of the Autocorrelation 
Function (Correlogram)

Multiple Observations in a 
Time Period

Four-Plot

Plots for Spatial 
Data

Posting Plots

Symbol Plots and Bubble 
Plots
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1 • Review the project objectives and sampling design
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3 • Select the statistical method
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• Select the statistical method

• There are two important outputs from this step:

1. the chosen method, and

2. the assumptions underlying the method.

• If a particular statistical procedure has been specified either
during the determination of the objective; or the particular
program or study, the analyst should use the results of the
preliminary data review to determine if it is appropriate for
the data collected.

• If a particular procedure has not been specified, then the
analyst should select one based upon the data user's
objectives and the preliminary data review.

Experimental Data Analysis
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• Verify the assumptions of the statistical method

Experimental Data Analysis

t-Test Paired t-Test 
(Equal variances)

ANOVA

Sample is random The two populations are 
independent

Different populations are 
random and 
independent.

The sample size is  large Both are approximately 
normally distributed 

The populations is 
normally distributed

Population mean is 
known

The variances of both 
populations are 
approximately equal

The variances of both 
populations are 
approximately equal

• Assess the validity of the statistical method chosen by examining its 
underlying assumptions or determine that the data support the 
underlying assumptions necessary for the selected method, or if a 
different statistical method should be used.



1 • Review the project objectives and sampling design

2 • Conduct a preliminary data review

3 • Select the statistical method

4 • Verify the assumptions of the statistical method

5 • Draw conclusions from the data

GENERAL QUANTITATIVE RESEARCH  
FLOWCHART



5
• Draw conclusions from the data

REJECTION RULE 
(p-value Approach)

Experimental Data Analysis



Mean Comparison Ho & HA Types of Test

μ2 > μ1 HA: μ2 > μ1
Ho: μ2 ≤ μ1

1 right-tailed

μ2 < μ1 HA: μ2 < μ1
Ho: μ2 ≥ μ1

1 left-tailed

μ2 = μ1 HA: μ2 < μ1
Ho: μ2 ≥ μ1

2-tailed

μ2 ≥ μ1 HA: μ2 < μ1
Ho: μ2 ≥ μ1

1 left-tailed

μ2 ≤ μ1 HA: μ2 > μ1
Ho: μ2 ≤ μ1

1 right-tailed

μ2 ≠ μ1 HA: μ2 ≠ μ1
Ho: μ2 = μ1

2-tailed

FORMULATION OF HYPOTHESIS: 
2 INDEPENDENT/PAIRED MEAN
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Comparison of p-
value and α

Test Decision Comment on 
Decision

How much 
Evidence

p > 0.10 Fail to reject Ho Not significant None

0.05 < p ≤ 0.10 (Might) Reject Ho Barely significant Some/little

0.01 < p ≤0.05 Reject Ho Significant Enough/ sufficient

p ≤ 0.01 (Definitely) Reject 
Ho

Highly significant Strong/ 
overwhelming

REJECTION RULE 
(p-value Approach)
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STATISTICAL APPROACH ON 
EXPERIMENTAL DATA ANALYSIS

T-test, paired t-test, Analysis of Variance (ANOVA)



Examples: ANOVA
Water sample were taken at 4 different locations in a 
river to determine whether the quantity of dissolved 
oxygen, a measure of water pollution, varied from 
one location to another.
Location 1 and 2 were selected above an industrial 
plant, one near the shore and other in midstream; 
location 3 was adjacent to the industrial water 
discharge for the plant and location 4 was slightly 
downriver in midstream.
Five water specimens were randomly selected at 
each location which the amount of dissolved oxygen 
were recorded.
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Data
Location

1 2 3 4
5.9 6.3 4.8 6.0
6.1 6.6 4.3 6.2
6.3 6.4 5.0 6.1
6.1 6.4 4.7 5.8
6.0 6.5 5.1 5.7

Examples: ANOVA

Experimental Data Analysis



Solution: Example on ANOVA
1. Hypothesis
Ho : μ1 = μ2 = μ3 = μ4 = μ (the mean dissolved O2 contents 

are the same at all 4 locations)
H1 : at least one μi differs from one μi (at least 1 location 
differs from the other)
2. Checking for assumptions
• Normality – Normal Q-Q plot/ Shapiro-Wilks Test
• Equal variance – Levene’s Test
3. Statistical Method – ANOVA
4. Decision making - Whether to Reject Ho or do not 
reject Ho.

Solutions: ANOVA
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Solutions: ANOVA

Kolmogorov-Smimova Shapiro-Wilk

Statistic df Sig. Statistic Df Sig.

DISSOLVED_O2 .091 20 .200* .969 20 .725

DESCRIPTIVE STATISTICS

Normality Test

*This is a lower bound of the true significance.
a. Lilliefors Significance Correction

Since the p-value 
> 0.05, then the 
distribution is 

normal

NORMALITY ASSUMPTION
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Solutions: ANOVA
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Solutions: ANOVA

Since the p-value is 0.266 > 0.05, 
then the population have equal 

variances

EQUAL VARIANCE ASSUMPTION

ANOVA TABLE

Since the p-value 
is 0.000 < 0.05, 
then there are 

differences in the 
mean

Experimental Data Analysis



Solutions: ANOVA
• Hypothesis:

HO : μ1 = μ2 = μ3 = μ4
(the mean of dissolved O2 are the same for the 4 

locations)
VS

H1 : at least one μi differs from one μi.
(at least 1 location is different from the other)

• Conclusion:
Since α’ = 0.000 < 0.05, Ho is rejected at α = 0.05. There 
are differences in mean dissolved O2 content among the 4 
locations.
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Solutions: ANOVA
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CONCLUSION:

1. There is a SIGNIFICANT DIFFERENCE in the mean of 
dissolved O2 in Location 3 (adjacent to the industrial water) in 
comparison with other locations.

1. There is NO DIFFERENCE in the mean of dissolved O2
between:

• Location 1 (near the shore) and Location 2 (in the midstream).
• Location 1 (near the shore) and Location 4 (downriver in the 

midstream)

Solutions: ANOVA

Experimental Data Analysis


