Chapter 15 – QUANTITATIVE ANALYSIS

Statistics are classified as either:


Descriptive – used to describe or synthesize data


Statistic – a descriptive index from a sample


Parameters – indices derived from data from a population

Inferential – using statistics to draw conclusions or make inferences re: a population

I.
Level of Measurement


Four main levels


A.
Nominal – lowest level



Classification into categories; numbers are assigned to the categories


Examples – gender, race, religion, eye color, blood type, nationality, 

medical dx

A = 1

Example of numbers assigned to blood type – allows data 

B = 2

to be entered into a computer 

AB = 3

O = 4

Does not convey any quantitative information 

Numbers can’t be treated mathematically

Statements can be made re: frequency of occurrence in each category


B.
Ordinal – next higher level 



Sorts objects on the basis of their standing 



Relative to each other on an attribute



Rank order or relative standing



Example – Nurse’s aid, LPN, ADN, BSN, MSN, Phd


The ranking doesn’t tell how the different ranks are specifically measured 

in relationship to each other

The numbers signify incremental ability, but not how much/more

Some statistical tests can be applied


C.
Interval
Specifies the rank order of objects on an attribute and the distance between those objects; no real zero 

Example – SAT scores

Does not provide the absolute magnitude of the attribute for any particular object

Example – Fahrenheit scale – 60o vs. 10o

60o is 50o warmer than 10o, but we can’t say that 0o F doesn’t have a temperature at all


D.
Ratio


Highest level



Has a meaningful zero

Provides information on rank order, the intervals between the objects, and the magnitude of the attribute 

All arithmetic operations are possible 

Example – weight

All statistical procedures can be applied

The researcher should always use the highest level of measurement possible – yield more information and can be analyzed using more powerful and sensitive analytic procedures.  Can always convert to lower from higher, but not visa versa.

Example – low birth weight/normal weight vs. exact weight

II.
Frequency Distributions

A.
Definition – “a systematic arrangement of numerical values from lowest to highest, together with a count of the number of times each value was obtained.”

B.
Consists of


1.
the classes of observations or measurements (the xs)


2.
the frequency of the observations falling in each class (the ys)

The classes must be mutually exclusive and collectively exhaustive.

C.
Example – histogram on frequency polygon


Graphics convey much information in short time.

	
	
	
	
	
	
	
	
	
	
	


D.
Class exercise – for the following scores
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1.
construct a frequency distribution


2.
construct a frequency polygon or histogram

E.
Shapes of distributions


1.
Symmetrical distributions – one half is a mirror image of the other



Examples –

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


2.
Asymmetrical distributions – skewed one tail is longer than the other

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



F.
Modality



1.
unimodal – 1 high point or peak



2.
Bimodal – 2 high points or peaks

Normal distribution or bell-shaped curve – unimodal, symmetrical, and not too peaked

Is a commonly seen distribution – many human attributes have a bell-shaped distribution.

III.
Measures of Central Tendency – 3 main types

A.
Definition – a single number that best represents a whole distribution of measures; “typicalness”


1.
tries to capture a typical score


2.
come from the center of the distribution

B.
Mode – the numerical value that occurs most frequently 


Tends to be unstable i.e. changes with each sample

C.
Median – that point on a numerical scale above which and below which 50% of the cases fall.  An index of average position on a distribution


Not affected by extreme scores


*The preferred index on a skewed distribution

D.
Mean – the average.  “The score that is equal to the sum of the scores divided by the total number of scores.”


X = ( X

mean = the sum of each score


          N


     number of cases

Mean is influenced by each score

Most widely used measure of central tendency

The most stable – doesn’t vary much from sample to sample.

In a symmetrical, unimodal distribution – all 3 measures of central tendency are the same.

Variability

A.
Concerned with the degree to which subjects in a sample are similar to one another with respect to the critical attribute

B.
Sample may be


1.
Heterogeneous


2.
Homogenous

C.
To describe a distribution adequately – measures of variability that express the extent to which scores deviate from one another.


1.
Range – the highest score minus the lowest score in a distribution



a.
easily computed



b.
fluctuates widely from sample to sample

c. gross descriptive index reported in conjunction with other measures of variability

(Not in book)
2.
Semiquartile range – half the range of scores within which the 

middle 50% of scores lie

3. Standard deviation – summarizes the average amount of deviation 

of values from the mean 

a. most widely used measure of variability

b. used with interval or ratio data

c.
abbreviated “s” or “SD” or shown m=4 (1.5) or m=4+ 1.5

mean = m

d.       higher SD means the same is more heterogeneous 

scores vary more widely

e.       3 SD’s above and below the mean in a Normal distribution

Levels of Measurement and Descriptive Statistics

A.
The higher the level of measurement, the greater the flexibility in choosing 

a descriptive statistic

1. Interval or ratio data – any measure of central tendency, usually -mean; SD

2. Ordinal – median; semiquartile range 

3. Nominal – mode; range

B.
Always possible to go to lower measure

Bivariate Descriptive Statistics

We’ve been discussing univariate statistics – bivariate statistics are two variable statistics

A. Contingency Tables – a 2 dimensional frequency distribution in which the frequency of 2 variables are cross-tabulated

1. easy to construct

2. communicate a lot of information

3. used with nominal date or ordinal data with few ranks

Subject


Med Surge

OB

Pediatrics

Female (1) 22

4 or 18%

8 or 36%
10  45% of females

Male (2)
 22

8 or 36%

8 or 36%
6   26%

Total 44


12 or 27%

16 or 36%
16   36%

B. Correlation – the extent to which two variables are related to one another

Correlation coefficient describes the intensity of the relationship

1. Scatter plot – graphic representation

2. Positive correlation – height and weight

3. Negative correlation – smoking and health status

4. The greater the absolute values the stronger the relationship

5. Product – moment or Pearson’s r 

most common for interval or ratio data

6. Spearman’s rho – for ordinal data

Inferential Statistics

A. Provide a means for drawing conclusions about a population

B.
Allow the researcher to make judgments or generalize to a large class of 

individuals based on information from a limited number of subjects


C.
Sampling Distributions

1. Sampling error – tendency for statistics to fluctuate from one sample to another

2. Sampling distribution – drawing consecutive samples and plotting the means – theoretical value

68% of cases fall between + SD of the mean in a Normal distribution – sampling distribution is a normal curve

3. Mean of sampling distribution = mean of population

4. Standard error of the mean – the SD of a theoretical distribution of sample means.  The smaller the standard error, the less variable the sample means, the more accurate those means are as estimates of the population

5. these figures are computed by formula from the data from a single sample

6. “S+” standard error – has a systematic relationship to the SD of the population and to the size of the sample.

7. Conclusions:

a. The more homogenous the population is on the critical attribute (i.e. the smaller the SD), the more likely results calculated from a sample will be accurate

b. The larger the sample size the greater the accuracy

Hypothesis Testing

A.
Allows researcher and consumer to decide whether outcomes are due to 

chance or true population differences

B. Two explanations for outcome:

1. The experimental tx was successful

2. Outcome was due to chance

C. Easier to demonstrate that #2 has a high probability of being incorrect – rejection of the null hypothesis- accomplished thru statistical tests

D. Errors – 2 types

Type 1.
The rejection of a true null hypothesis

Type 2.
The acceptance of a false null hypothesis

Level of significance

A. Definition – the probability of committing Type 1 error

B. Established by the researcher

C. .05 and .01 most frequently used

Type I error lower and increase risk of Type II error

D. Min acceptable is  a= .05

E. Decreasing the risk of Type I leads to the increase risk of Type II

Tests of Statistical Significance

A. Definition – statistically significant - the obtained results are unlikely to have been the result of chance at a specified level of probability.

Non-significant – means that any difference between an obtained statistic and a hypothesized parameter could have been the result of chance

B. In hypothesis testing, one “assumes” that the null hypothesis is true then gathers evidence to refute it

C.
One tailed and two tailed tests

1. Most researchers use two tailed tests – both “tails” of the sample distribution are used to determine the range of “improbable” values at .05 – 5% - 2 ½% at one end; 2 ½% at other

2. If it is a strong directional hypothesis – may use one tailed test.  The critical region of improbable values is entirely in one tail of the distribution – the tail corresponding to the directionality of the Ho covers a bigger region of the specified tail, less conservative, easier to reject the null Ho

3. Usually two-tailed test is used, assume so unless it is stated otherwise

D.
Parametric and non-parametric tests

1. Parametic tests

a. involve estimation of at least 1 parameter

b. require interval or ratio data

c. involve assumptions re: the variables under consideration

Example: normally distributed

2. Non-parametric tests

a. not based on estimation of parameters

b. less restrictive on assumptions re: the shape of the distribution (called distribution-free statistics)

c. usually nominal or ordinal data

Parametric tests more powerful, more flexible, and generally preferred

Non-parametric tests used when data cannot be construed as interval or ratio data or the distribution of data is not normal

F. Overview of Ho testing procedures – 6 steps

1. determine the test statistic to be used

2. set level of significance * .05 or .01

3. select a one-tailed or *two-tailed test

4. compute a test statistic

5. calculate the degrees of freedom “df” – the number of observations free to vary about a parameter

6. compare the test statistic to a tabled value

computers are used to carry out these steps

p=.025 means 2 ½ times in 100 due to chance

Testing differences between 2 group means

A. t – test – parametric test

1. for independent samples – experimental/control, M/Fe

2. for dependent samples – pre/post tx group – called “paired t-test”

B.
Mann-Whitney U –non-parametric test – less powerful 

Testing differences between 3 or more group means

A. analysis of variance – “ANOVA” parametric test

B. F-ratio (abbreviation)

C. 3 types of ANOVA

1. one-way ANOVA – for independent sample (1 independent with 1 dependent variable)

2. multi-factor ANOVA – 2 or more independent variables

3. non-parametric – Kruskal-Wallis test

Testing Differences in Proportions

A. Chi-square – X2 

Testing Relationships between 2 Variables

A. Pearson’s r – (also a descriptive statistic)

B. Used to test population correlations

C. Spearman’s rho or Kendall’s tau for non parametric tests

Multivariate Statistical Analysis

Advanced statistical procedures dealing with at least 3 – but usually more- variables simultaneously

A. Multiple regression or multiple correlation – allows researcher to 

use more than 1 independent variable to explain or predict a single dependent variable



1.
R

2.
does not have negative values

3.
shows strength, but not direction

B. Analysis of covariance – ANCOVA

Combines ANOVA and multiple regression procedures

provides statistical control for 1 or more extraneous variables

C. Factor analysis

1. Original variables are condensed into a smaller number of factors (by computer)

2. These factors then form a single scale for measuring a common theme or concept
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