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ReviewReview
P b bilit A tiP b bilit A tiProbability AssumptionsProbability Assumptions

In order to do inference or makeIn order to do inference or makeIn order to do inference or make In order to do inference or make 
generalizations to the entire population from generalizations to the entire population from 
samplesample findings we use statistics (findings we use statistics (samplesamplesamplesample findings we use statistics (findings we use statistics (sample sample 
mean and variancemean and variance) as an approximation to ) as an approximation to 
the population parameters (the population parameters (population meanpopulation meanthe population parameters (the population parameters (population mean population mean 
and varianceand variance))
Therefore we have to account forTherefore we have to account for samplingsamplingTherefore, we have to account for Therefore, we have to account for sampling sampling 
errorerror (probability of being incorrect)(probability of being incorrect)
Di ib i f b bili f h iDi ib i f b bili f h iDistribution of probability of each outcome is Distribution of probability of each outcome is 
the probability distributionthe probability distribution



How to Deal With Uncertainty?How to Deal With Uncertainty?How to Deal With Uncertainty? How to Deal With Uncertainty? 
ProbabilityProbability

A probability is a number indicating the A probability is a number indicating the 
chance that a specific event will happen. chance that a specific event will happen. 
The highest probability The highest probability 11, means that the , means that the g p yg p y ,,
even will certainly happen. The lowest even will certainly happen. The lowest 
probability isprobability is 00 means the event will notmeans the event will notprobability is probability is 00, means the event will not , means the event will not 
occur. occur. 
Event: a possible outcome of an Event: a possible outcome of an 
experimentexperimentpp



Probability Density (Normal) Curve for a variable (for Probability Density (Normal) Curve for a variable (for 
example, Total Revenue) example, Total Revenue) 

MeanMean == μ ≈     μ ≈     == 66 and and VarianceVariance = = σσ22 ≈ ≈ SS22 == 1212X

σ ≈ σ ≈ Standard DeviationStandard Deviation = S == S = 4.312=

((66 2 3 42 3 4) () (66 3 43 4) 6 () 6 (6 +3 46 +3 4) () (6 + 2 3 46 + 2 3 4))((6 6 -- 2 x 3.42 x 3.4) () (6 6 --3.43.4)   6    ()   6    (6 +3.46 +3.4)  ()  (6 + 2 x 3.46 + 2 x 3.4) ) 



Areas Under Normal CurveAreas Under Normal Curve
If population Mean is =If population Mean is =μ μ and population Standard and population Standard 

Deviation is =σ, then:Deviation is =σ, then:Deviation is σ, then:Deviation is σ, then:

About About 68%68% of the area under the normal curve is within of the area under the normal curve is within 
plus one and minusplus one and minus 11 standard deviation from the meanstandard deviation from the meanplus one and minusplus one and minus 11 standard deviation from the meanstandard deviation from the mean, , 
μ μ ++ 1σ1σ. For previous curve: . For previous curve: (6 (6 ±± 3.4) 3.4) 

About About 95%95% of the area under the normal curve is within of the area under the normal curve is within 
plus and minusplus and minus 22 the meanthe mean,, μμ ++ 22σσ. For previous curve:. For previous curve:plus and minus plus and minus 22 the meanthe mean, , μ μ 22σσ. For previous curve: . For previous curve: 
(6 (6 ±± 2 x 2 x 3.4)3.4)

Practically all Practically all 99%99% of the area under the normal curve is of the area under the normal curve is 
within within 33 standard deviation from the meanstandard deviation from the mean, , μ μ ++ 33σσ



ReviewReview Sampling DistributionSampling Distributionp gp g
The sampling distribution is a distribution of sample means The sampling distribution is a distribution of sample means 
by their frequency of occurrence If we were to make lotsby their frequency of occurrence If we were to make lotsby their frequency of occurrence.  If we were to make lots by their frequency of occurrence.  If we were to make lots 
and lots of samples, each with (for example) 40 people and lots of samples, each with (for example) 40 people 
randomly selected, and computed for each sample a mean randomly selected, and computed for each sample a mean 

l ld t t f l t f If t dl ld t t f l t f If t dvalue, we would get set of lots of means. If we were to order value, we would get set of lots of means. If we were to order 
means by their frequency of occurrence, we would get a means by their frequency of occurrence, we would get a 
distribution. This distribution is known as sampling distribution. This distribution is known as sampling p gp g
distribution.distribution.



ReviewReview Test StatisticTest Statistic

The sampling distribution is described using testThe sampling distribution is described using testThe sampling distribution is described using test The sampling distribution is described using test 
statistics such statistics such zz and and tt, and also  , and also  FF--coefficient. We coefficient. We 
say that sample mean approximately has say that sample mean approximately has zz--y p pp yy p pp y
distribution or distribution or tt --distributiondistribution
Recall: when do we use Recall: when do we use tt statistic?statistic?

Yt μ−
=

ns /



Confidence Interval EstimationConfidence Interval EstimationConfidence Interval EstimationConfidence Interval Estimation
Let’s say we want to make a statement aboutLet’s say we want to make a statement aboutLet s say we want to make a statement about Let s say we want to make a statement about 
the next year’s Exports. What do we need to do the next year’s Exports. What do we need to do 
to estimate next year’s Exports with theto estimate next year’s Exports with the 9595to estimate next year s Exports with the to estimate next year s Exports with the 9595
percent confidence?percent confidence?
L t’ th t E t i ll di t ib t dL t’ th t E t i ll di t ib t dLet’s say that Exports is normally distributed Let’s say that Exports is normally distributed 
variable  (that is, its distribution is bellvariable  (that is, its distribution is bell--shapeshape--

dd t i l)t i l)andand--symmetrical)symmetrical)
Then we just need to use sampleThen we just need to use sample meanmean and and 
sample sample standard deviationstandard deviation along with along with sample sample 
sizesize and  and  t valuet value to get the 95 percent to get the 95 percent 
Confidence Interval.Confidence Interval.



Confidence Interval:Confidence Interval: ExampleExamplepp
Let’s say the estimate of Exports  is Let’s say the estimate of Exports  is 7373 Billion drams. The Billion drams. The 
standard deviation is standard deviation is 7.47.4. Assuming a. Assuming a t t statistic equal to statistic equal to 22
Then the Then the 95 %95 % confidence interval for the next year’s confidence interval for the next year’s 
E t iE t iExports is:Exports is:

1)4.72(73 ×±

If we were to repeat the process with different samplesIf we were to repeat the process with different samples

4
)(

If we were to repeat the process with different samples If we were to repeat the process with different samples 
many times, the Means that we get from each sample many times, the Means that we get from each sample 
predictions will be captured in this interval in predictions will be captured in this interval in 95 %95 % of the of the 
time.time.



Modeling Sales:Modeling Sales:Modeling Sales: Modeling Sales: 
[Ordinary Least Squares (OLS)][Ordinary Least Squares (OLS)]

Estimate of real relationship can be expressed in Estimate of real relationship can be expressed in 
th f ll i tith f ll i tithe following equation  :the following equation  :

εε

εβα +×+= ExportsSales
εε

Wh i h t t l i (Wh i h t t l i (εWhere,          is what we cannot explain (=error Where,          is what we cannot explain (=error 
term). term). 

ε



Parameter EstimationParameter EstimationParameter EstimationParameter Estimation
exports)(sales,Covarianceβ̂

(exports)t coefficienVariation 
p )( ,

1 =β

0.07
00,107,266,458,835,121
0918,367,355,641,795,

1̂ ==β

XβYβ 10
ˆˆ −=

89 331 0104127 235 290 0798 237 481β̂ =×−=

XβYβ 10

89,331,0104127,235,290.0798,237,481β0 =×=



Empirical Equation for Quarterly Empirical Equation for Quarterly p q Q yp q Q y
DataData

Sales= 89,331,010+0.09*ExportsSales= 89,331,010+0.09*Exports
The slope of this equation tells us the The slope of this equation tells us the 
following:following: For 100 million drams increase inFor 100 million drams increase infollowing: following: For 100 million drams increase in For 100 million drams increase in 
Exports we should expect Sales to go up by Exports we should expect Sales to go up by 
9 million drams!9 million drams!9 million drams!9 million drams!



Summary and ConclusionSummary and ConclusionSummary and ConclusionSummary and Conclusion

In this session we reviewed major In this session we reviewed major 
concepts of statisticsconcepts of statisticspp
We applied our knowledge to build a We applied our knowledge to build a 
simple model of sales and exports usingsimple model of sales and exports usingsimple model of sales and exports using simple model of sales and exports using 
only 4 things:only 4 things:
MeanMean
VarianceVariance
CovarianceCovariance
Distributional AssumptionsDistributional Assumptions


