MDDE 602

Assignment 2 – Analyzing Quantitative Data

Richard John Giroday

Student Number - #2245597

Question #1
[image: image1.emf]MDDE 601 Final Grade - Interval


95.0


90.0


85.0


80.0


75.0


70.0


65.0


60.0


55.0


50.0


45.0


MDDE 601 Final Grade - Interval


Frequency


8


6


4


2


0


Std. Dev = 11.23  


Mean = 79.4


N = 30.00




MDDE 601 Final Grade - Interval

95.0

90.0

85.0

80.0

75.0

70.0

65.0

60.0

55.0

50.0

45.0

MDDE 601 Final Grade - Interval

Frequency

8

6

4

2

0

Std. Dev = 11.23  

Mean = 79.4

N = 30.00


By simple definition, data distributed in a bell shape symmetrical about the mean is said to be Normally Distributed.  The presentation of the data in the above form, using a histogram with large intervals and superimposing a ‘normal curve’ over the bar graph (as chosen in the graph setup), does imply a negatively skewed ‘Bell Curve’ Distribution.  However, for Normally Distributed data, the mean, median, and mode are generally similar.  The given data have very different mean, median and mode.  In addition, the skew  value is  (-1.159).  A skew value outside the range -1.0 to 1.0 is classified as severe and indicates a distribution that differs significantly from a normal distribution.   Therefore, this data does not reflect a Normal Distribution.  A closer look with the actual frequency distribution reveals the fallacy in the original presentation as evident below.  
Actual Frequency Distribution 

[image: image2.emf]MDDE 601 Final Grade - Interval


MDDE 601 Final Grade - Interval


94


90


88


85


83


80


77


75


69


67


45


Frequency


3.5


3.0


2.5


2.0


1.5


1.0


.5


0.0




MDDE 601 Final Grade - Interval

MDDE 601 Final Grade - Interval

94 90 88 85 83 80 77 75 69 67 45

Frequency

3.5

3.0

2.5

2.0

1.5

1.0

.5

0.0


Collapsing data together in a ‘histogram’ using different interval levels can be misleading.  It can create what appears to be a Normally Distributed result.  In addition, it is possible to superimpose a normal distribution regression line on most data.  The value of such an undertaking in many circumstances is questionable.  It should be noted however that it is sometimes possible to transform non-normalized data into normalized data using special function transformations (log, exp, etc).
Question #2
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This bar graph differs from the histogram output in Question 1 as follows:
1. percents are used instead of frequencies
2. all cases (mark values) are accounted for, rather than grouping them in intervals

3. No normal curve is superimposed on the chart

4. This chart is a bar graph and not a histogram.  Bar graphs give a bar for each and every value in the database, whereas histograms put the data into intervals and do not give a bar for each and every value in the database

The graph clearly shows three groupings in the 69 – 74, 83 – 85, and 88- 89 score ranges.  Even allowing for the small gap in distribution between the two upper ranges, there is still a distinct and significant separation between the upper and lower groupings.  To be normally distributed the data would need to be clustered around a single center for the data.  The data here is clustering around more than one point.  This data is not reflective of a Normal Distribution. 
Proper presentation of data is essential in the communication of findings.  Unfortunately, people can advertently/inadvertently choose types of presentation of data to minimize or dramatize a pattern in the data, and/or to misspeak results.  A proper selection of data presentation is necessary to represents the data’s ‘true’ underlying characteristics.
Questions #3
Statistics

MDDE 601 Final Grade - Interval 

	N
	Valid
	30

	 
	Missing
	0

	Mean
	 
	79.40

	Median
	 
	82.50

	Mode
	 
	74

	Skewness
	 
	-1.159

	Std. Error of Skewness
	 
	.427

	Kurtosis
	 
	1.919

	Std. Error of Kurtosis
	 
	.833


The median is the best measure of central tendency when the data is not normally distributed.  The mean is the best measure of central tendency if the data is normally distributed.  The data in this case are not normally distributed.  Therefore, the median of 82.5 is the best measure of central tendency in this particular case.  Half of the marks are above this and half are below this.  The outliers of 45% and 56% affect the mean, diminishing it down to 79.4%.  The mode is the crudest measure of central tendency, identifying the mark that appeared the most often in the data (74%). It merely happened that 74% was the mark occurring most often.  In this group of data, it has no significance.  It is too low to use as a representative number for the data.
Question #4

Statistics

GENDER 

	N
	Valid
	30

	 
	Missing
	0

	Mean
	 
	1.6000

	Median
	 
	2.0000

	Mode
	 
	2.00



The only measure of central tendency that is meaningful for nominal data is the mode
.  Gender is a nominal measure.  It identifies a category, and has no ranking.  The mode is the only meaningful measure of central tendency for this set of nominal data.  The mode of ‘2’ indicates that there were more females than males in the class.  For a closer view of the gender make up of the class, a bar graph would be a good visual aid.

Question #5a
Descriptive Statistics

	 
	N
	Minimum
	Maximum
	Mean
	Std. Deviation
	Variance

	MDDE 601 Final Grade - Interval
	30
	45
	96
	79.40
	11.23
	126.041

	MDDE 602 Final Grade - Interval
	30
	44
	96
	76.60
	13.16
	173.214

	MDDE 603 Final Grade - Interval
	30
	53
	90
	71.97
	8.88
	78.792

	Valid N (listwise)
	30
	
	
	
	
	


Interpreting the tabled results above:

1. The ‘average’ student in MDDE601 is less than 11% (11.23) above and below the mean for all the members of the class (79.4%).
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2. The ‘average student in MDDE602 is less than 13% (13.16) above and below the mean for all the members of the class ( 76.6%).
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3. The ‘average’ student in MDDE603 is less than 9% (8.88) above and below the mean for all the members of the class (71.97%)
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4. Performing a numerical comparison of the means, we see that the ‘average’ mark for MDDE601 and MDDE602 is similar (79.4% vs 76.6%) as compared to the ‘average’ mark for MDDE603 (71.97%), and that the spread of marks in MDDE601 and MDDE602 is similar (stdev 11.23 vs 13.16) as compared to the spread of marks in MDDE603 (stdev 8.88).  This is visually discernable in the visuals above.
5. To summarize:

a)  The students performed on average the same in MDDE601 and MDDE602, but students on average had a lower level of success in MDDE603 by comparison.

b) More students performed near the ‘average’ mark in MDDE603, whereas student marks vary over a wider range of values in MDDE601 and MDDE602.

Question #5b
One cannot determine whether or not the mean values for each of the three variables are significantly different from each other as a result of this analysis.  In research, one has to be careful using the term “significant” when comparing data.  The word has multiple meanings to the layperson/non-researcher and specific meaning to the researcher.  A possible comment by non-researchers looking at the three means is “There seems to be a significant difference between the means.”  The non-researchers’ statement means – I see a difference in the numbers and I wonder why that difference exists.  Here their use of the word ‘significant’ means “noticeable” and such an observation may spark curiosity.  
Social science researchers when analyzing data use the word ‘significant’ in a statistical sense – implying a statistical significance.  Statistical significance means that results are not likely to be due to chance factors or random errors in random sampling.  Statistical significance requires analysis based on probabilistic calculations and summarized in a “coefficient” representing the probability of making a Type I error [rejection of the Null Hypothesis when in fact it is true].  An acceptable level of error must be ascertained first (
[image: image7.wmf]a

 = 0.05, 0.01, 0.001) and then the “coefficient” compared against the significance level.  In scientific terms, a lack of analyzing the data in this way results in the mean values for each of the three variables having no significant difference from each other.
Question #6
Skew Analysis - Is the data reasonably normal so we may assume it is?
Statistics

	 
	 
	Trial 1 - Interval
	Trial 2 - Interval

	N
	Valid
	30
	30

	 
	Missing
	0
	0

	Skewness
	 
	-.277
	-.241

	Std. Error of Skewness
	 
	.427
	.427


Checking the skew on the distribution of outcomes for our two variables, we find that both have a small skew value close to zero.  In light of this, it is reasonable to view the data as normally distributed and we are able to apply the t-test.

Paired Samples Statistics

	 
	 
	Mean
	N
	Std. Deviation
	Std. Error Mean

	Pair 1
	Trial 1 - Interval
	14.510
	30
	1.599
	.292

	 
	Trial 2 - Interval
	17.560
	30
	1.009
	.184


Trial 1 represents the results from using WWWBoard and Trial 2 represents the results from using WebCT.  Comparing the means, we observe that the results (number and quality of messages) were on average, better using WebCT than WWWBoard (17.560 for WebCT compared to 14.510 for WWWBoard).  Additionally, there is a statistically significant difference between them.  The paired sample test results are p=0.000 which is less than our predetermined choice of alpha (
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), as evidenced from the table below.  
Paired Samples Test

	
	Paired Differences
	t
	df
	Sig. (2-tailed)

	
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	
	
	

	
	
	
	
	Lower
	Upper
	
	
	

	Pair 1
	Trial 1 - Interval - Trial 2 - Interval
	-3.050
	1.645
	.300
	-3.664
	-2.436
	-10.158
	29
	.000


Based on the ‘Paired Samples Test’ we can be 95% confident that rejecting the Null Hypothesis will not result in a Type I error –  in effect, the results are due to the use of the different conferencing systems and not chance factors.  We may conclude:
WebCT results in significantly (
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) better results than WWWBoard, in the number and quality of posted messages to conferences.
Question #7

Scattergrams provide a visual insight into relationships/non-relationships between two variables.   How tightly grouped the data centers around a specific line determines the strength of any existing linear relationship.  By placing an ellipse around the data, we can quickly get a visual sense of that strength.  The ellipse narrows in a strong linear relationship.  The ellipse becomes more circular when there is no linear relationship. (This is the basis for Rho – the Pearson’s Product Moment Correlation Coefficient, r for samples, 
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 for populations)
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*  Using the following rule of thumb for the interpretation of r (sample correlation coefficient for linear regression)

· r = 1.0 is a perfect correlation. 

· r = 0.70 to 0.90 is a strong to very strong correlation, depending on how large the coefficient gets. 

· r = 0.45 to 0.69 is a moderate correlation 

· r = 0.10 to 0.44 is a very weak to weak correlation. 

· r = 0 to 0.10 is no correlation
Question 8a

Correlations

	
	
	MDDE 601 Final Grade - Interval
	MDDE 602 Final Grade - Interval
	MDDE 603 Final Grade - Interval
	AGE

	MDDE 601 Final Grade - Interval
	Pearson Correlation
	1.000
	.473**
	-.153
	.771**

	
	Sig. (2-tailed)
	.
	.008
	.419
	.000

	
	N
	30
	30
	30
	30

	MDDE 602 Final Grade – Interval
	Pearson Correlation
	.473
	1.000
	-.334
	.479**

	
	Sig. (2-tailed)
	.008
	.
	.071
	.007

	
	N
	30
	30
	30
	30

	MDDE 603 Final Grade - Interval
	Pearson Correlation
	-.153
	-.334
	1.000
	-.223

	
	Sig. (2-tailed)
	.419
	.071
	.
	.236

	
	N
	30
	30
	30
	30

	AGE
	Pearson Correlation
	.771
	.479
	-.223
	1.000

	
	Sig. (2-tailed)
	.000
	.007
	.236
	.

	
	N
	30
	30
	30
	30


**  Correlation is significant at the 0.01 level (2-tailed).

There are significant correlations for the following:

MDDE 601  to  MDDE 602 
r = 0.473 indicating a significant, moderate, positive correlation:
  Final Grade
    Final Grade
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        correlation.
MDDE 601      to      Age
r = 0.771 indicating a significant, strong, positive correlation:
  Final Grade


       (p = 0.000) < (
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        correlation.

MDDE 602      to      Age
r = 0.479 indicating a significant, moderate, positive correlation:
  Final Grade


       (p = 0.007) < (
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        correlation.

Interpretation
Due to the small sample size (n = 30), one is cautioned about generalizing any results here to the rest of the population.

1. There is a moderate correlation (r = 0.473) between final marks obtained in MDDE 601 and MDDE 602 and this correlation is statistically significant at the 0.01 level.  This is indication that the better a student achieves in 601, the better he/she achieves in 602.
2. There is a significant relationship between marks and age in the MDDE 601 class (r = 0.771).  This relationship is significant at the 0.01 level.   There is strong indication that the older a student is the better their level of achievement in MDDE 601.

3. There is moderate correlation between marks and age in the MDDE 602 class (r = 0.479).  This correlation is statistically significant at the 0.01 level and we can be 99% sure that the correlation is due to a real relationship rather than chance factors.  There is indication that in MDDE 602, the older the student is, the better their mark is.

Explanation for the Relationship

Relationship does not imply causation.  Explaining why there are ‘relationships’ as indicated above, or to attempt to explain what may have caused them, requires a full understanding of the contextual situation, the use of logic, and the elimination of other possible causes.  Without further analysis of the situation and background information, this is a fruitless undertaking, although we may guess at some possible causes for future study. 

Question 8b
Four of the twelve correlation coefficients are 1.000, because those r-values represent the comparison of a set of variable values to itself, and there is a perfect one-to-one match of the data when that happens.
Question 9a
Correlations

	 
	Admission Rank Order - Ordinal
	MDDE 601 Final Grade - Interval

	Spearman's rho
	Admission Rank Order - Ordinal
	Correlation Coefficient
	1.000
	.348

	Sig. (2-tailed)
	.
	.060

	N
	30
	30

	 
	MDDE 601 Final Grade - Interval
	Correlation Coefficient
	.348
	1.000

	 
	Sig. (2-tailed)
	.060
	.

	 
	 
	N
	30
	30


There is a weak correlation (rs = 0.348) between admission order and MDDE 601 final grade.  Assuming a significance level of 0.05 (
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 = 0.05) was chosen, we can conclude there is no significance to this weak correlation {(p = 0.06) > (
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 = 0.05) 
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 Fail to reject 
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Question 9b
The Pearson's Product Moment Correlation Coefficient (r) is only applicable under specific assumed circumstances: the data is continuous (interval or ratio) and normally distributed; and the relationship is linear.  The variable representing admission order (orank) is ordinal and does not meet the assumed condition. The Pearson coefficient does not apply in this case.  An alternate correlation coefficient that applies in this case is the Spearman Rank Correlation Coefficient.  The Spearman coefficient (rs) is valid in almost any situation, specifically when the data is rank ordered as in the situation we are considering.  The Spearman coefficient (rs) tends to be more conservative than the Pearson coefficient (r).
Visually MDDE 601 displays a strong linear relationship 


Substantiated by borderline strong correlation (r = 0.771) *








Visually MDDE 602 displays a moderate linear relationship


Substantiated by borderline moderate correlation (r = 0.479)*





Visually MDDE 603 displays no linear relationship


Substantiated by a very weak correlation (r = -0.223) *








� The mean value of 1.6 for gender has no meaning what so ever.  What does 1.6 gender indicate?  The median in this case is 2, which could be interpreted, but in another set of data the median could be 1.5 and meaningless.  Because the mean and median are most often meaningless with regard to nominal data, the mode is the preferred measure of central tendency for nominal data.
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