Handout 13				Data Analysis Plan
The data analysis plan refers to articulating how your data will be cleaned, transformed, and analysed.  All scientific research is replicable, and to be replicable you need to give the reader the roadmap of how you managed your data and conducted the analyses.  Each of the following areas could be added into a data analysis plan.
1. Validation and data cleaning

Cleaning the Data
The cleaning of data is the removing of univariate and multivariate outliers, dealing with missing data, and assessing for normality.

Univariate outliers
Univariate outlier refers to cases with standardized scores in excess of ± 3.29 (p < .001). Note that some researchers suggest a cut-off point of 2.5 (p < .05). The presences of univariate outliers can be detected using either standardized variable values (Z score) or by using graphical methods such as frequency tables, scatter plots or box plots. 

Multivariate outliers
When conducting multivariate analyses, state that the sets of variables will be assessed for multivariate outliers. Multivariate outliers refer to outliers on a combination of two or more variables. To assess for multivariate outliers, you can conduct a regression with the observation ID number as the dependent variable, the variables being assessed as the predictors, and assess for Mahalanobis’ distance. Then examine an observation’s Mahalanobis’ distance score relative to the degrees of freedom (i.e., the number of variables will equal the degrees of freedom) for a chi-square value at the p=.001 level.

Missing data
Articulate how missing data will be handled. Missing data is the absence of an observation on a variable. There are a few remedies: drop the observation with the missing data, mean substitution, and multiple imputation.

Normality
Most parametric statistics (e.g., t-tests, ANOVAs) have the assumption of normality. Normality refers to the shape of the distribution of scores (e.g., shape of a normal bell curve). To assess for normality, a researcher can examine skewness and kurtosis of a variable, or conduct a 1-sample KS test or Shapiro-Wilk test. The KS or Shapiro-Wilk test will report whether the distribution of data is significantly different than a normal curve. When the data is not normally distributed, a transformation of the data can be appropriate.  Some common transformations are the square root, logarithmic, and inverse. Common remedies in case of violation:

· Transform the data
· use non-parametric tests
· do nothing: many statistical tests are robust against moderate departures in normality due to the central limit theorem. This means that they tolerate violations to the normality assumption very well. Specifically, the central limit theorem tells us that no matter what distribution things have, the sampling distribution will be normal if the sample is large enough. The question of how large is large enough is a complex issue. Some researchers [1] suggest that if the sample size is greater than or equal to 30, we can assume normality while others [2] believe that when the sample size is greater than 200, the normality assumption is not needed.
[1] Ghasemi, A., & Zahediasl, S. (2012). Normality tests for statistical analysis: a guide for non-statisticians. International journal of endocrinology and metabolism, 10(2), 486.
[2] Statistics Solutions. (2013). Normality [WWW Document]. Retrieved from https://www.statisticssolutions.com/academic-solutions/resources/directory-of-statistical-analyses/normality/
2. Sample Tables for Statistical Analysis

You want to present the results of your statistical analyses as clearly as possible. The printouts of all statistical packages are too cluttered to be satisfactory for academic or professional reports. Thus, you will need to type up your tables from scratch. Here are some examples:

Descriptive statistics:
Table 1: Sociodemographic Characteristics of Participants
Inferential statistics:

Table 2: Descriptive Statistics and Correlations for Study Variables
Table 3: Results of t-tests and Descriptive Statistics SAT Verbal, SAT Math, and GPA by Sex
Table 4: ANOVA: Importance of information sources perceived by the three clusters a

Table 1: Sociodemographic Characteristics of Participants
	
	Guided self-help
	Unguided self-help
	Wait-list control
	Full sample

	 
	n
	%
	n
	%
	n
	%
	n
	%

	Gender
	 
	 
	 
	 

	  Female
	25
	50
	20
	40
	23
	46
	68
	45.3

	  Male
	25
	50
	30
	60
	27
	54
	82
	54.7

	Marital status
	 
	 
	 
	 
	 
	 
	 
	 

	  Single
	 13
	26 
	11 
	 22
	 17
	34 
	41 
	 27.3

	  Married/partnered
	 35
	 70
	38 
	 76
	 28
	56
	101 
	 67.3

	  Divorced/widowed
	 1
	2 
	1 
	 2
	 4
	 8
	 6
	 4.0

	  Other
	 1
	1 
	 0
	 0
	 1
	 2
	 2
	1.3 

	Highest educational
    level
	 
	 
	 
	 
	 
	 
	 
	 

	   Middle school
	 0
	 0
	 1
	 2
	 1
	 2
	 2
	 1.3

	   High school/some
     college
	 22
	 44
	 17
	 34
	 13
	 26
	 52
	34.7 

	   University or
     postgraduate degree
	 27
	 54
	 30
	 60
	 32
	 64
	89 
	 59.3



Note. N = 150 (n = 50 for each condition). Participants were on average 39.5 years old (SD = 10.1), and participant age did not differ by condition.

Table 2: Descriptive Statistics and Correlations for Study Variables
	Variable
	n
	M
	SD
	1
	2
	3
	4
	5
	6

	1. Internal–
     external status a
	3,697
	0.43
	0.49
	—
	 
	 
	 
	 
	 

	2. Manager job
     performance
	2,134
	3.14
	0.62
	−.08**
	—
	 
	 
	 
	 

	3. Starting salary
	3,697
	1.01
	0.27
	.45**  
	−.01
	—
	 
	 
	 

	4. Subsequent promotion
	3,697
	0.33
	0.47
	.08**
	.07**
	.04*
	—
	 
	 

	5. Organizational tenure
	3,697
	6.45
	6.62
	−.29**
	.09**
	.01
	.09**
	—
	 

	6. Unit service
     performance b
	3,505
	85.00
	6.98
	−.25**
	−.39**
	.24**
	.08**
	.01
	—


a 0 = internal hires and 1 = external hires.
b Values reflect the average across 3 years of data.
*p < .05. **p < .01.

Table 3: Results of t-tests and Descriptive Statistics SAT Verbal, SAT Math, and GPA by Sex
	Outcome
	Group
	95% CI for Mean Difference
	
	

	
	Male
	
	Female
	
	
	

	
	M
	SD
	n
	
	M
	SD
	n
	
	t
	df

	SAT-Verbal
	463.81
	98.89
	45
	
	532.21
	101.23
	44
	-110.56, -26.24
	-3.22*
	87

	SAT-Math
	515.43
	99.56
	44
	
	483.31
	98.97
	44
	-9.95, 74.20
	1.52
	86

	College GPA
	2.71
	1.32
	45
	
	3.16
	1.16
	44
	-0.97, 0.07
	-1.71
	87


* p < .05.

Table 4: ANOVA: Importance of information sources perceived by the three clusters a
	
	Family Vacationers (1)	
	Variety 
Seekers (2)
	Sightseers (3)
	Overall
	p-value
	Tukey post-hoc test

	
	Mean
	Mean
	Mean
	Mean
	
	

	Offline advertisement
	 
	 
	 
	 
	 
	 

	TV ad.
	3.64
	3.41
	3.05
	3.3
	 0.000*
	1>3

	Print ad.
	3.57
	3.29
	3.03
	3.25
	 0.000*
	1>3

	Radio ad.
	3.22
	2.94
	2.71
	2.91
	 0.001*
	1>3

	Train/MTR ad.
	3.22
	3.09
	2.58
	2.94
	 0.000*
	1>3; 2>3

	Theme park brochures
	3.66
	3.49
	3.03
	3.33
	 0.000*
	1>3


* p < 0.05
a 5-point scale from 1 (very unimportant) to 5 (very important).


Data Cleaning
1. Univariate outliers
· Compute standardized scores to identify outliers. Cases with standardized scores in excess of 2.5 (p < .05) are potential outliers (Hair, Anderson, Tatham & Black, 2009). Some researchers suggest a cut-off point of 3.29 (p < .001).
2. Normality
a) Visual Method (boxplot)
· The boxplot shows the median as a horizontal line inside the box and the interquartile range (range between the 25th to 75th percentiles) as the length of the box. 
· The whiskers (line extending from the top and bottom of the box) represent the minimum and maximum values when they are within 1.5 times the interquartile range from either end of the box. 
· Scores greater than 1.5 times the interquartile range are out of the boxplot and are considered as outliers, and those greater than 3 times the interquartile range are extreme outliers. 
· A boxplot that is symmetric with the median line at approximately the centre of the box and with symmetric whiskers that are slightly longer than the subsections of the centre box suggests that the data may have come from a normal distribution.
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  Boxplot of approximately normally 		Boxplot of skewed data
  distributed data
b) Histogram and Q-Q plot
Plotting a histogram of the variable of interest will give an indication of the shape of the distribution
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Histogram of approximately normally 		Histogram of skewed data
distributed data
Another way to check whether a sample violates the normality assumption is to draw a Q-Q plot (Quantile-Quantile plot). This allows you to visually check whether you're seeing any systematic violations. In a Q-Q plot, each observation is plotted as a single dot. The x coordinate is the theoretical quantile that the observation should fall in if the data were normally distributed (with mean and variance estimated from the sample), and on the y co-ordinate is the actual quantile of the data within the sample. If the data are normal, the dots should form a straight line. 
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Q-Q plot of approximately normally 		Q-Q plot of skewed data
distributed data

c) Skewness
Another technique is to calculate the skewness and kurtosis of the data set. The normal distribution is perfectly symmetrical with respect to the mean, and thus any deviation from perfect symmetry indicates some degree of non-normality in the measured distribution. Figure 1 provides examples of skewed distribution shapes.

Skewness can be a positive or negative number (or zero). Distributions that are symmetrical with respect to the mean, such as the normal distribution, have zero skewness. A distribution that “leans” to the right has negative skewness, and a distribution that “leans” to the left has positive skewness. As a general guideline, absolute skewness values that are less than 2 indicate sufficient normality.

	Figure 1
[image: Depiction of positive skewness, skewness, and negative skewness.]

	Figure 2
[image: Notice that kurtosis greater than or less than 3 corresponds to non-normal distribution shapes.]


      Depiction of positive skewness, skewness	Notice that kurtosis greater than or less than 0 
      and negative skewness.			corresponds to non-normal distribution shapes.

d) Kurtosis

A measure of the "peakedness" or "flatness" of a distribution. A kurtosis value near zero indicates a shape close to normal. A negative value indicates a distribution which is more peaked than normal, and a positive kurtosis indicates a shape flatter than normal. An extreme positive kurtosis indicates a distribution where more of the values are located in the tails of the distribution rather than around the mean. A kurtosis value of +/-1 is considered very good for most psychometric uses, but +/-2 is also usually acceptable.

e) Tests for assessing if data is normally distributed
There are also specific methods for testing normality but these should be used in conjunction with either a histogram or a Q-Q plot. The Kolmogorov-Smirnov test and the Shapiro-Wilk’s W test determine whether the underlying distribution is normal. Both tests are sensitive to outliers and are influenced by sample size. For smaller samples, non-normality is less likely to be detected but the Shapiro-Wilk test should be preferred as it is generally more sensitive. For larger samples (i.e., more than one hundred), the normality tests are overly conservative and the assumption of normality might be rejected too easily. Any assessment should also include an evaluation of the normality of histograms or Q-Q plots as these are more appropriate for assessing normality in larger samples.

Online Resources

Jamovi is user-friendly, intuitive, statistical software
https://youtu.be/LPV3dUw0nEE

Data Screening in SPSS- Part 4: Univariate Outliers
https://www.youtube.com/watch?v=Q5Izt8sv0nU

Normality test using SPSS: How to check whether data are normally distributed
https://www.youtube.com/watch?v=IiedOyglLn0

Data Screening in SPSS- Part 1: Explore
https://www.youtube.com/watch?v=5qhLDYr70MM

Identifying Multivariate Outliers with Mahalanobis Distance in SPSS
https://www.youtube.com/watch?v=AXLAX6r5JgE

Maths and Stats Help (University of Lincoln)
https://guides.library.lincoln.ac.uk/mash/home
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