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The Sunday School Kid 
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At Sunday School they were teaching how God created 

everything, including human beings. 

 

Little Johnny seemed especially intent when they told him 

how Eve, Adam’s wife, was created out of one of Adam’s 

ribs. 

 

Later in the week his mother noticed him lying down as 

though he were ill, and she said, ‘Johnny, what is the 

matter?’ 

 

Little Johnny responded, ‘I have pain in my side.  I think I’m 

going to have a wife’. 
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Welcome Notes 

 

o Welcome to today’s presentation, which is the second in the 

series, on statistical tools for quantitative research.  

 

o Webinars are always a learning situation in the face of rapid 

changes in all spheres of life. 

 

o  We will have to do another Webinar to be able to complete. 
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Main Focus of the Webinar 
 

o Describe the most commonly used tools in quantitative 

research. 
 

o Give examples of output and interpretations, where 

necessary. 
 

o Challenge/motivate you to do more study on the tools, or 

seek help. 
 

o Most of the examples are in Education.  You can apply it to 

your areas of work if you are not in Education. 

o Not involved in statistical computations or how the 

outcomes are obtained. 
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Review of Part I 
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Preliminary considerations 
 

o Decide on the statistical tool before the data collection.  It 

helps in the instrument design and data collection. 

 

o  Select statistical technique that is appropriate for 

 proposed analysis.  Check the scales of measurement. 
 

o  Check conditions and assumptions before using the 

     statistical technique. 
 

o  Know the difference between statistical significance and 

     practical significance.  
 

o  Garbage in, garbage out.  What you sow is what you reap. 
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Statistical Software 

Available statistical softwares 
 

  1.  SPSS 

  2. Matlab 

  3. Minitab 

  4. Stata 

  5. QlikSense 

  6. MaxStat 

  7. ESBStats 

  8. SigmaPlot 

  9. BMDP  

  10. R 

  11.  Microsoft Excel 
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Scales of Measurement 

Scales of Measurement 
 

There are 4 scales of measurement.  They give meaning to numbers 

used in research.   

 

The type of statistical analysis done depends on the scale of the 

variables. 
 

Nominal: Uses categorical data.  
 

Ordinal: Uses data in the form of ranks.  

 

Interval: Uses data that are actual values.   
 

Ratio:  Uses data that are actual values.  Uses an absolute zero  

   value which  indicates the complete absence of variable.   
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Frequency Distribution 
 

Frequency Distribution 
 

It is used to check data entry. 

 

Run a frequency distribution and check the output after the data 

entry. 
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Types of Statistics 

 1. Descriptive Statistics 

o This provides summary data about a group.  

o A single number is often used to represent a group.  

o It is often reported as summary statistics for statistical 
inference. 

 

 2. Inferential Statistics 

o This uses data from a small group called a sample to make 

statements or generalizations about a much larger group called 

a population..   

o This often involves testing of hypothesis. 
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  Measures Of Central Tendency/Location  
 

The Mean, Median & Mode 
 

The Mean is reported as part of summary statistics when data is 

normal but when data is skewed, Median should be reported.  

 

The Mode is not reported because of its peculiarities.   

There could be distribution with no mode or more than one mode. 

 

The Mean is mostly used to find the differences between/among 

groups in terms of variables of interest. E.g. differences between 

males and females in terms of age.  
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Measures Of Variation/Variability/Dispersion 

 
The Range, Variance, Standard Deviation, Quartile Deviation 
 

 The standard deviation/variance is reported as part of summary 

 statistics when data is normal. 

 

  The quartile is reported as part of summary statistics when 

 data when data is skewed. 

 

 The Range is not used much in statistical analysis in research. 
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     Checking normality 
 

The normal distribution is believed to be the mother of all 

statistical distributions. There are 4 ways to check normality. 

 
 

1.  Compare the values of Mean and Median. 

   

2. Calculate the coefficient of skewness. 

 

3.  Check Shapiro Wilk statistics. 

 

4.  Check the normal Q-Q plot. 

 

 

.  
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       Linear correlation 
 

Aims at discovering the linear relationship between/among two or 

more variables. 
 

   

Where there are two variables, simple  linear correlation is used.  
 

For more than two variables, multiple  linear correlation is used. 

 

A scatter plot is used to check for linearity. 

 

 

 

.  
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    Commonly Used Types 
 

1. Pearson Product Moment correlation coefficient (r).  
 

2. Spearman’s rank correlation coefficient (ρ).  
 

3. Kendall’s tau-b.   
 

4. Kendall’s tau-c.  
 

5. Phi coefficient (φ).  
 

6. Contingency Coefficient.   
 

7. Point biserial correlation coefficient (rpb).  
 

8. Biserial (rb).  
 

9. Eta/Correlation ratio.  
 

10. Cohen’s kappa   

.  
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1.      

     

     

  Interpreting correlation coefficients 

 
1. Is the relationship linear? 

 

2. The strength/degree: 

   High (strong)   

   Moderate (mild)  

   Low (weak)   

 

3. The direction:  Positive (+),  Negative (-) 

 

4. Significance: p<.05 

 

 

 

.  
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Interpreting correlation coefficients 
 

5. Nature of the group: Homogeneous or heterogeneous.   

 Is range restricted? If there is, then do correction for   

 restriction in range. 

 

 

6. Partial correlation: Is there any other variable that might  

 be responsible for the association/relationship? 

 

7. Instrument unreliability: Check reliability coefficients.  

  If low, do  correction for attenuation. 
 

 

 

 

.  
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      Linear Regression 
 

Aims at prediction of criterion (dependent variable) from predictors 

(independent variables). 

 

The variables must be continuous, interval or ratio scales. 

 

Simple linear regression model.  

   Y = a + bX + ε  

 

Multiple  linear regression model. 

   

   Y = b0 + b1X1 + b2X2 + b3X3 + b4X4 + ε 
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1.    

 

 

 

 

Assumptions for Multiple Linear Regression 

 

1.  Variables are normally distributed.  
 

2.  The population errors, ε, are normally distributed 

  and are assumed to be uncorrelated with one   

  another. 
 

3.  Linear relationship between the criterion and   

  predictor variable.  
 

4.  The population variances of the criterion variables 

  are the same for all combinations of levels of the 

  predictor variable (s). 
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Assumptions for Multiple Linear Regression 

 

5. The scores are independent of each other from one  

  individual to the next. 
 

6.  Reliabilities of the measures must be high so that  

  measurement error is low. 
 

7.  Homoscedasticity.  Variance of errors is the same    

      across all levels of the predictor variable. 
 

8. There is little or no multicollinearity in the data.  
 

9. There is little or no autocorrelation in the data.  
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       Logistic Regression 

 

It is much like multiple  regression except that the criterion 

(dependent) variable must be dichotomous (i.e. having 

only two natural divisions – Yes/No, Pass/Fail. 

 

 

It is used to predict (in terms of probability) one’s 

membership of a group based on available factors and 

information. 

    P(Y) =
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   Hierarchical Linear Modelling 

 

It is used to analyze variance in the outcome variables 

when the predictor variables are at varying hierarchical 

levels.  

 

It is also referred to as multi-level modeling. 

 

It is an ordinary least square (OLS) regression-based 

analysis.  
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Hierarchical  

Level  

Example of  

Hierarchical Level  

Example of Variables  

3 School o School’s geographic     

location  

oResources  

2 Classroom oClass size  

o Teaching experience  

o Teaching style  

oResources 

1 Student oGender  

o Socioeconomic status  

o Breakfast consumption  

oGPA (Outcome Variable) 

The type of question that can be answered with HLM is: 

 

Does breakfast consumption, class size and school geographic 

location influence GPA? 
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Statistical Inference 

Prof. Kafui Etsey Statistical tools for Quantitative Research 



www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

     

 

    Parametric vs Non-parametric tests 
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1.  Parametric tests make certain assumptions about a 

  data set; namely, that the data are drawn from a   

  population with a specific (e.g. normal) distribution.  

   

  Non-parametric tests make fewer assumptions about 

  the data set.  
 

2.  The majority of elementary statistical methods are  

  parametric, and parametric tests generally have   

  higher statistical power.  

 

  If the necessary assumptions cannot be made about 

  a data set, non-parametric tests can be used.  
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Description Parametric 
Non-

parametric 

Assumed distribution Normal Any/None 

Assumed variance Homogeneous Any/None 

Typical data Ratio or Interval 
 Ordinal or 

 Nominal 

Usual central measure Mean Median 

Benefits 
Can draw more 

conclusions 

 Simplicity. 

 Less affected by 

 outliers 

http://www.syque.com/improvement/Normal distribution.htm
http://changingminds.org/explanations/research/analysis/variance_homogeneity.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://changingminds.org/explanations/research/measurement/types_data.htm
http://syque.com/improvement/Average.htm
http://syque.com/improvement/Median.htm
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Hypothesis Testing 
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Nature of statistical hypothesis  
 

A statistical hypothesis is a numerical statement /guess about an 

unknown parameter. 

  

 

The mean age of all university students is 24.           μ = 24 

 

The variance of the weight of all university students is 25kg. σ2 = 25 
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Hypothesis is usually stated in two forms. 

 

Null hypothesis.  This is the guess about the unknown parameter. 

 

H0:    μ = 24 

 

Alternative/alternate hypothesis 

 

Ha:   μ ≠ 24  
 

H1:   μ ≠ 24 
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Hypothesis may be one tailed or two tailed and this is expressed in 

the alternative hypothesis.  

It could also be directional or non-directional. 

  

Non-Directional/Two-tailed 

Eg.  H0 :  μ = 24 

   H1 :  μ ≠ 24  This is two-tailed.  Mean age could be greater 

      than 24 or less than 24. 

  

Directional/One-tailed 

H1 :  μ < 24  This is one-tailed.  Mean age could be less than 24. 

H1 :  μ > 24  This is one-tailed.  Mean age could be greater than 24. 

 

In testing the null hypothesis may be rejected or one may fail to 

reject it. 
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Level of significance 
 

In hypothesis testing, decisions made could be wrong.  

 
 

The degree of risk taken in making a wrong decision is the level 

of significance.  

 
 

It is the degree of risk involved in rejecting a true null hypothesis.  

 
 

It provides an estimate of confidence in taking the risk.  
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Level of significance 
 

The level of significance is usually specified by the Greek letter, 

α., and the level of confidence, 1 – α.   

 
 

The commonest levels of significance are 0.05 (5%), 0.01 (1%) 

and 0.10 (10%).  

 
 

 These are normally specified in advance of testing the 

hypothesis. 
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Statistical decision making 

• Obtain a significance (sig.) value or probability value ( p-value) 
from output. 

• Compare the sig/p value with the specified α. (eg .05, .01) 

• When the obtained significance value is greater than the 
specified level of significance,α), the null hypothesis is not 
rejected. 

• If the obtained significance value is less than specified level of 
significance,α) the null hypothesis is rejected in favour of the 
alternative hypothesis. 

 The result is then said to be statistically significant. 
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Types of Errors 
 

In hypothesis testing, there is the possibility of making errors.  

These errors are known as Type I and Type II errors.  
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Hypothesis Testing 

 

  

Decision 
State of null hypothesis 

Ho is true Ho is false 

Fail to reject Ho Correct action 

Probability is 1-α 

Type II error 

Probability is β 

Reject Ho Type I error 

Probability is α 

Correct action 

Probability is 1-β 



www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

Power 

 

This is probability of rejecting a false null hypothesis and is 

denoted by 1-β.   

 

Generally, a researcher wishes to increase the power of the test. 

  

1.  For a given value of the parameter being tested, the power of 

 the test of Ho increases as the sample size, n, increases. E.g. 

 from 100 to 150. 

 

2. For a given value of the parameter being tested, the power of 

 the test of Ho increases as α  increases e.g. from 0.05 to 0.10. 
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Do we accept a null hypothesis? 
 

The conventional answer is NO. 

You reject or fail to reject a null hypothesis. 

 

Reasonse not sufficiently persuasive for us to  

Acceptance of the null hypothesis implies that the null hypothesis 

is true in all cases. 
 

However, different samples may produce different results since 

hypothesis testing is sample-based. 
 

One sample from a population can produce enough information 

for the null hypothesis to be rejected while another sample from 

the same population may lead to a situation where the null 

hypothesis may not be rejected. 

 

Prof. Kafui Etsey 

 

 

Hypothesis Testing 

 



www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

Effect Size (ES)  

 

• Effect size (ES) is a standardised, scale-free measure of the 

relative size of the effect of an intervention. 

• It provides information about the magnitude and direction of 

the difference between groups or the relationship between two 

variables.  

• An ES can be a difference between means, a percentage, or a 

correlation. 

• It provides practical significance in statistical testing  
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Example  
 

Consider an experiment conducted to investigate time of day effects on 

learning: Do children learn better in the morning or afternoon?  
 

A group of 540 children were included in the experiment. Half were randomly 

allocated to listen to a story and answer questions about it at 9am, the other 

half to hear exactly the same story and answer the same questions at 3pm.  
 

Their comprehension was measured by the number of questions answered 

correctly out of 20. 
 

The average score was 15.2 for the morning group, 15.9 for the afternoon 

group: a difference of .7. t(1078) = 8.72, p = .002.  
 

The result is statistical significant at .05 level of significance.  

 

But how practical is this difference? 
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The American Psychological Association (APA) has recommended all  

 published statistical reports to include effect size. 

 

Further guidance is summed by Neill (2008): 

 

1. When there is no interest in generalizing (e.g., we are only interested in 

 the results for the sample), there is no need for significance testing. In 

 these situations, effect sizes are sufficient and suitable.  

 

2. When examining effects using small sample sizes, significance testing 

 can be misleading. Contrary to popular opinion, statistical significance is 

 not a direct indicator of size of effect, but rather it is a function of sample 

 size, effect size, and p level.  

 

3. When examining effects using large samples, significant testing can be 

 misleading because even small or trivial effects are likely to produce 

 statistically significant results.  
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Measures of effect size 

• The d family, as the standardized difference between 

two means. 

• The r family as the correlation between the independent 

variable classification. 

• Categorical family as the associations among 

categorical variables. 

 

 

Prof. Kafui Etsey 

 

 

Effect Size 

 



www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

Measures of d family 

• Cohen’s d 

• Hedges's g 

• Glass's  Δ 

• Eta squared (η2 

• The partial eta squared (    ) 

• Omega squared (ω2 ) 

• Cohen's ƒ2 

 

Effect Size 
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Measures of r family 

• Pearson’s r 

• Coefficient of determination, r2 

• Eta squared (η2 

• The partial eta squared (    ) 

• Omega squared (ω2) 

• Cohen's f or Cohen's ƒ2 

• Cramer's φ or Cramer's V 

 

Effect Size 
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Measures of categorical family 

• Odds ratio 

• Cohen's w 

• Phi coefficient (φ ) 

• Cramer's φ /Cramer's V 

 

Effect Size 
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Testing Group Differences 
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There are two families of tests. 

 
1. T tests 

 

2.  Analysis of variance 
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T tests 

• One-sample 

• Two independent samples 

• Two dependent samples (repeated measures) 

 

In using t tests to test for group differences, it is extremely 

important to check the necessary conditions and assumptions. 

 

 

T tests 
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One sample t-test 
  

This test examines whether an obtained mean from a sample is 

significantly different from a known mean or a criteria. 
  

 

Research Studies: 

1. A researcher wishes to know whether the mean age of all the 

 level 400 undergraduate students in the University of Ghana 

 is 20 years. 

 

2. A mathematics tutor may want to know if students he taught 

 have performed above average in a national  examination, 

 where the average (pass) score is 55. 
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Conditions and assumptions 
  
  

1. Scores must be interval or ratio. 

 

2. Scores must be normally distributed. 
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Two independent samples t-test 
  

This test examines the difference between two independent 

sample means. 
  

 

Research Studies: 

1. A researcher wishes to know whether there is a difference 

 between the ages of workers in GCB and Zenith bank. 

 

2. A district director of education may want to know if there is a  

 difference in the study habits of JHS 3 students in her district 

 and another district. 
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Conditions 
 1. The scores on the test variable are independent of each 

 other.  There must be no interaction in the dependent 

 variable.  
 

2. The scores must be interval or ratio scale. 

 

 

Assumptions 
1. The variances of the populations of the variable should be 

 equal (homogeneity of variances). 
 

2. The test variable is normally distributed in each of the two 

 populations. 
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Mann Whitney U test 
  

The Mann–Whitney U test is a  non-parametric statistical test 

used as an alternative to the two independent samples t-test. 

 

The test is used to compare differences between two 

independent groups when the dependent variable is: 

 

1. Ordinal  
 

2.   Interval/Ratio but not normally distributed. 

 

Research Study 

A researcher wishes to know if there is a difference in 

performance in two schools in a regional/state-wide English 

Language test where the ranks of students in the test are 

available. 
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Two dependent samples t-test (paired samples) 
  

This test examines the mean differences between the scores of 

the same persons on two different occasions or identical pairs on 

the same variable.   

 
Situations include pre test and post test scores and selecting 

identical students on the same variable (with equal variance). 
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T tests 

 

Research Studies: 
1. A researcher wishes to know the effectiveness of a method  of 

 reading comprehension.  
 

 She conducts a pre-test on a passage.  She teaches the 

 students the method of reading comprehension.   
 

 She then administers a post-test.  The same students are 

 involved in both the pre-test and post-test. 

 

2. The Principal of a College of Education wishes to find out if 

 there is a difference in performance in English Language and 

 Mathematics in the final external examination. 
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Wicoxon signed-rank test 
  

The Wilcoxon signed-rank test is a non-parametric statistical 

test used when comparing two related samples, matched 

samples, or repeated measurements on a single sample to 

assess whether their population mean ranks differ (i.e. it is a 

paired difference test).  
 

It is used as an alternative to the paired student’s t-test, t-test for 

matched pairs, or the t-test for dependent samples when the 

dependent variable is: 
 

1. Ordinal  
 

2.   Interval/Ratio but not normally distributed. 
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Analysis of variance 
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Analysis of variance 
 

Aims at finding the difference among three or more groups 

when data is interval/ratio (parametric). 
 

The main tests are:   
 

1. One-way ANOVA (Independent)   
 

2. One-way ANOVA (Repeated Measures) 
 

3. Two-way ANOVA (Independent) 
 

4. Two-way ANOVA (Repeated Measures)  
 

5.  Three-way ANOVA (Independent) 
 

6.  One-way MANOVA 
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One-way ANOVA (Independent groups) 
 

It seeks to find the differences among three or more groups 

where there is no interaction among the groups.   

 

Where significant differences are found, follow-up (post-hoc) 

procedures are conducted to identify the groups that differ.  

 

Research Study 

An agric. extension officer wishes to know if there are 

differences in crop yields in four different types of soil. 
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Conditions 
 1. Independent variable consists of three or more categorical  

 independent groups. 
 

2.  Dependent variable is either interval or ratio (continuous). 
 

3.  Random assignment of participants to groups.   

 Each participant  belongs to one and only one group. 

 

Assumptions 
1. Dependent variable is approximately normally distributed for 

 each category of the independent variable. 
 

2. Homogeneity/Equality of variances between the independent 

 groups. The population variances in each group are equal. 
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What happens if data fails the normality assumption? 
 

The one-way ANOVA is considered a robust test against the 

normality assumption. This means that it tolerates violations to 

its normality assumption rather well.  

 

If there are reasons to believe that the deviation from normality 

is large then the non-parametric Kruskal-Wallis H Test should 

be used. 
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What happens if data fails the homogeneity of 

variance assumption? 
 

There are two tests that can be run (1) Welch or (2) Brown and 

Forsythe test to test for the equality of means instead of the F 

distribution using the one-way ANOVA.  

 

For most situations it has been shown that the Welch test is 

best.  
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Post-Hoc/Follow Up Tests 
 

There are several post-hoc tests also known as multiple 

comparisons that are carried out when there are significant 

differences. 

 

The commonest are the Tukey, S-N-K, and Scheffe (when equal 

variances are assumed) and Games Howell and Dunnett's C 

(when equal variances are not assumed).   

 

However, Tukey and Games Howell are recommended. 
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Kruskal-Wallis H Test 
  

The Kruskal-Wallis H Test is a  non-parametric statistical 

test used as an alternative to the one-way ANOVA 

independent samples test. 
 

The test is used to compare differences among three or more 

independent groups when the dependent variable is: 
 

1. Ordinal  
 

2.   Interval/Ratio but not normally distributed. 
 

Research Study 

A researcher wishes to know if there is a difference in the 

customer relations among three banks in the country where 

the banks are ranked in terms of customer relations. 
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Post-Hoc Tests 
 

To examine where the differences actually occur when there is a 

significant result, you need to run separate Mann-Whitney U 

tests on the different pairs of groups.  
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One-way repeated measures ANOVA 
 

Randomized block design or within-subjects ANOVA or ANOVA 

for correlated samples. 

• It is the extension of the dependent t-test. 
 

• It is used to minimize individual differences in an experiment.  

• The primary concern is to increase power by reducing the 

magnitude of individual differences. 

• It is also used to enable the experimenter to determine if the 

participants respond to treatments in individualistic ways. 

 

Analysis of variance 

 

https://statistics.laerd.com/statistical-guides/dependent-t-test-statistical-guide.php
https://statistics.laerd.com/statistical-guides/dependent-t-test-statistical-guide.php
https://statistics.laerd.com/statistical-guides/dependent-t-test-statistical-guide.php
https://statistics.laerd.com/statistical-guides/dependent-t-test-statistical-guide.php


www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

 

Analysis of variance 

 



www.a-strategic.com info@a-strategic.com  |  030 295 7658 / 055 982 5292 

 

Analysis of variance 

 

When to use 
 

 Changes in mean scores over three or more time points. 

   1.  Year 1, Year 2, Year 3 etc. e.g. study habits 

   2.   The effect of a 6-month exercise training programme on 

   blood pressure.  Measure blood pressure at 3 separate 

   time points (pre-,midway and post-exercise intervention). 

 

 Differences in mean scores under three or more different 

conditions 

  1.   Differences in subjects such as Maths, English, Science

        in same class. 

  2.   Differences in performance in exam formats such as   

   (Essay, Multiple Choice, Short Answer). 
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Conditions 
 

1. Independent variable should consist of at least three 

 categorical,"related groups" or "matched pairs".  

 

2. Dependent variable should be measured at the interval or ratio 

 level.  

 

3. Assignment to blocks. The number of participants and 

 observations within each block must be equal. 

 

4. Each participant takes all levels/categories. 

 

5. There should be no significant outliers in the differences 

 between any two related groups.  
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Assumptions 

 

1. The distributions of the differences in the dependent   

  variable between the two or more related groups should be 

  approximately normally distributed. 

 

2. Sphericity. The variances of the differences between all  

  combinations of related groups must be equal.  
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What happens if data fails the normality assumption? 
 

The one-way repeated measures ANOVA is considered a robust 

test against the normality assumption. This means that it 

tolerates violations to its normality assumption rather well.  

 

If there are reasons to believe that the deviation from normality 

is large then the non-parametric Friedman test should be used. 
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What happens if the sphericity assumption is violated? 
 

There are two tests that can be run for the Tests of Within-

Subjects Effects 
: 

1. Huynh-Feldt 

2. Greenhouse-Geisser 
 

For most situations it has been shown that the Greenhouse-

Geisser test is better.  
  

 If the result is significant, conduct a Post Hoc using  

     Bonferroni, or Dependent t test to identify the differences. 
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Friedman Test 
  

The Friedman Test is a  non-parametric statistical test used 

as an alternative to the one-way repeated measures ANOVA.  
 

The test is used to compare differences among three or more 

related groups when the dependent variable is: 
 

1. Ordinal  
 

2.   Interval/Ratio but not normally distributed. 
 

Research Study 

A researcher wishes to know if there is a difference in the 

customer relations in banks in the country over a three-year 

period where the banks are ranked in terms of customer 

relations. 
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Post-Hoc Tests 
 

To examine where the differences actually occur, you need to 

run separate Wilcoxon signed-rank tests with a Bonferroni 

adjustment, on the different combinations of related groups.  
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The End 

 

See you later for Part III 
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