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Regression Diagnostics

Leverage is a measure of how far an independent variable deviates from its mean. These leverage points can have an effect on the estimate of regression ... 
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Regression Diagnostics Regression Diagnostics U Unusual l andd Influential I fl i l Data D Outliers g Leverage Influence



Heterosckedasticity (Non-constant variance) Multicollinearity (Non independence of x variables) Endogeneity



Regression Diagnostics Unusual and Influential Data Outliers Outliers A b An observation with large residual. i i hl id l An observation whose dependent‐variable value is unusual given  its values on the predictor variables. An outlier may indicate a sample peculiarity or may indicate a data  entry  error or other problem. Leverage An observation with an extreme value on a predictor variable Leverage is a measure of how far an independent variable Leverage is a measure of how far an independent variable  deviates  from its mean. These leverage points can have an effect on the estimate of  regression coefficients. coefficients Influence Influence can be thought of as the product of leverage and outlierness. Removing the observation substantially changes the estimate of  coefficients.



Regression Diagnostics Unusual and Influential Data Outliers



Regression Diagnostics Unusual and Influential Data leverage .



relatively large leverage



Regression Diagnostics Unusual and Influential Data Outliers Outliers A b An observation with large residual. i i hl id l An observation whose dependent‐variable value is unusual given  its values on the predictor variables. An outlier may indicate a sample peculiarity or may indicate a data  entry  error or other problem. Leverage An observation with an extreme value on a predictor variable Leverage is a measure of how far an independent variable Leverage is a measure of how far an independent variable  deviates  from its mean. These leverage points can have an effect on the estimate of  regression coefficients. coefficients Influence Influence can be thought of as the product of leverage and outlierness. Removing the observation substantially changes the estimate of  coefficients.



Regression Diagnostics Unusual and Influential Data Influence Regression line  without  influential  data point p



. Regression line with influential data point



the largest influence point



Regression Diagnostics Unusual and Influential Data Influence The problem:  Th bl O One or several observations can have undue influence l b i h d i fl . on the results



A quadratic‐in‐x term  is significant here, but not when largest x is removed. Hinge on one or two data points must be considered extremely fragile and possibly   misleading.



Regression Diagnostics Unusual and Influential Data TOOLS



Log transformation smoothes data



Regression Diagnostics Unusual and Influential Data Strategy SStart with a fairly rich model:Include ih f il i h d l I l d possible x’s ibl ’ even if you’re not if ’ sure they will appear in the final model Be careful about this with small sample sizes



Resolve influence and transformation simultaneously,  early in the data analysis Some problems can be complicated  to solve.



Regression Diagnostics Unusual and Influential Data Influence  strategy :  By influential observation(s) we mean  one or several observations whose removal causes a different conclusion in the analysis. A strategy for dealing with influential cases



Regression Diagnostics Unusual and Influential Data Influence  strategy : 



Regression Diagnostics Unusual and Influential Data Influence  strategy : 



Regression Diagnostics Unusual and Influential Data Influence  strategy : 



Regression Diagnostics Unusual and Influential Data Influence  strategy : 



Regression Diagnostics Unusual and Influential Data influence statistics Computational  identication of  influential observations. Use them when graphical displays may not be adequate M t Most popular measures: l Di: Cook’s Distance ‐ for measuring influence hi: Leverage ‐ for measuring “unusualness” of x’s ri: Studentized residual ‐ for measuring “outlierness” ( i = 1,2,..., n)



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Cook’s Distance: Measure of overall influence Th impact The i t that th t omitting itti a case has h on th the estimated ti t d regression i coefficients. ffi i t



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Cook’s Cook s Distance: Measure of overall influence



where 



y is the estimated y at observation i, based on the reduced data set with  observation  i deleted. p is the number of regression coefficients σ2 is the estimated variance from the fit, based on all observations. is the estimated variance from the fit based on all observations



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Leverage: hi for the single variable case (also called: diagonal element of the hat matrix) Leverage is L i the th proportion ti off the th total t t l sum off squares off the th explanatory l t variable i bl contributed by the ith case. If there is only one x:



This case has a relatively large leverage This case has a relatively large leverage



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Leverage: hi for the multivariate case For several x’s, hi has a matrix expression



X1 Unusual in explanatory variable values, although not unusual in X1 or X2 individually



X2



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Studentized residual for detecting outliers (in y direction) Formula:



i.e. different residuals have different variances, and since 0 < hi < 1 those with largest hi (unusual xx’s) s) have the smallest SE(resi). SE(resi)



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations.



Get the triplet (Di, hi, studresi) for each i For every observation (from 1 to n) look to see whether any Di’s Di s are “large” large Large Di’s indicate influential observations. hi and studresi help explain the reason for influence: unusual x-value, outlier or both; helps in deciding the course of action What criteria?



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations.



Di values near or larger than 1 are good indications of influential cases; Sometimes a Di much larger than the others in the data set is worth looking at. The average of hi is always p/n some people suggest using hi>2p/n as “large” (p=number of regression coefficients) Based on normality, |studres| > 2 is considered “large”



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Sample situation with a single x



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. Stata commands After regress run:



Regression Diagnostics Unusual and Influential Data influence statistics Computational identification of influential observations. TOOLS



Regression Diagnostics Unusual and Influential Data influence statistics St t commands Stata d



After regress run:



Regression Diagnostics Unusual and Influential Data influence statistics St t commands Stata d



Regression Diagnostics Unusual and Influential Data influence statistics St t commands Stata d



Regression Diagnostics Unusual and Influential Data influence statistics Multiple outliers case, masking and swamping effects



In many cases multivariable observations can not be detected as outliers when each variable is considered independently. Outlier detection is possible only when multivariate analysis is performed, and the interactions among different variables are compared within the class of data. the test for outliers must take into account the relationships between the two variables, which in this case appear abnormal



Regression Diagnostics Unusual and Influential Data influence statistics Multiple outliers case, masking and swamping effects



Data sets with multiple outliers or clusters of outliers are subject to masking and swamping effects: I t iti explanations Intuitive l ti Masking effect It is said that one outlier masks a second outlier, if the second outlier can be considered as an outlier only by itself itself, but not in the presence of the first outlier outlier. Thus, after the deletion of the first outlier the second instance is emerged as an outlier. Masking occurs when a cluster of outlying observations skews the mean and the covariance estimates toward it, and the resulting distance of the outlying point from the mean is small small.



Regression Diagnostics Unusual and Influential Data influence statistics Multiple outliers case, masking and swamping effects



Data sets with multiple outliers or clusters of outliers are subject to masking and swamping effects: I t iti explanations Intuitive l ti Swamping effect It is said that one outlier swamps a second observation, if the latter can be considered as an outlier only under the presence of the first one. one In other words, after the deletion of the first outlier the second observation becomes a non outlying observation non-outlying observation. Swamping occurs when a group of outlying instances skews the mean and the covariance estimates toward it and away from other non-outlying instances, and the resulting distance from these instances to the mean is large, making them look like outliers outliers.



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



Statistical methods for multivariate outlier detection often indicate those observations that are located relatively far from the center of the data distribution. Several distance measures can be implemented. Example:



Mahalanobis distance which depends on estimated parameters of the



multivariate distribution distribution. Given n observations from a p‐dimensional dataset , denote the sample mean vector by x^ and



the sample covariance matrix by Vn , where



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



The Mahalanobis distance for each multivariate data point i; i = 1; : : : ; n, The Mahalanobis distance for each multivariate data point i i 1 n is denoted by Mi and given by



The observations with a large Mahalanobis distance are indicated as outliers.  Masking and swamping effects play an important rule in the adequacy of the Mahalanobis  distance as a criterion for outlier detection.  Masking effects might decrease the Mahalanobis distance of an outlier. This might happen, for  M ki ff i h d h M h l bi di f li Thi i h h f example, when a small cluster of outliers  Attracts             and inflate Vn towards its direction.



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



The Mahalanobis distance for each multivariate data point i; i = 1; : : : ; n, The Mahalanobis distance for each multivariate data point i i 1 n is denoted by Mi and given by



The observations with a large Mahalanobis distance are indicated as outliers The observations with a large Mahalanobis distance are indicated as outliers.  Masking and swamping effects play an important rule in the adequacy of the Mahalanobis  distance as a criterion for outlier detection. distance as a criterion for outlier detection.  Swamping  effects might increase the Mahalanobis distance of non‐outlying observations. For example, when a small cluster of outliers attracts          and inflate Vn away from the pattern of the majority of the observations. p j y



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



In the graph, two observations are displayed by using red stars as markers. The first observation  In the graph two observations are displayed by using red stars as markers The first observation is at the coordinates (4,0), whereas the second is at (0,2). The question is: which marker is closer  to the origin? (The origin is the multivariate center of this distribution.) The answer is, "It depends how you measure distance." The Euclidean distances are 4 and 2,  respectively, so you might conclude that the point at (0,2) is closer to the origin. However, for  this distribution, the variance in the Y direction is less than the variance in the X direction, so in  some sense the point (0,2) is "more standard deviations" away from the origin than (4,0) is. Notice the position of the two observations relative to the ellipses. The point (0,2) is located at  the 90% prediction ellipse, whereas the point at (4,0) is located at about the 75% prediction  ellipse. What does this mean? It means that the point at (4,0) is "closer" to the origin in the  sense that you are more likely to observe an observation near (4,0) than to observe one near  (0,2). The probability density is higher near (4,0) than it is near (0,2). In this sense, prediction ellipses are a multivariate generalization of "units of standard  d i ti " Y deviation." You can use the bivariate probability contours to compare distances to the bivariate  th bi i t b bilit t t di t t th bi i t mean. A point p is closer than a point q if the contour that contains p is nested within the  contour that contains q.



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



Th Mahalanobis The M h l bi distance di t h has th the ffollowing ll i properties: ti •It accounts for the fact that the variances in each direction are different. •It accounts for the covariance between variables. •It reduces to the familiar Euclidean distance for uncorrelated variables with unit variance. If the covariance matrix is the identity matrix, the Mahalanobis distance reduces to the Euclidean distance. If the covariance matrix is diagonal, then the resulting distance measure is called a normalized Euclidean distance:



→



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



:



Classical outlier detection methods are powerful when the data contain only one outlier but gget bogged gg down when more than one outlier are present. p A method developed by Hadi attempts to overcome these concerns by using a measure off distance di t from f an observation b ti to t a cluster l t off points. i t A base cluster of r points is selected and then the cluster is continually redefined by taking the r+1 points "closest" as a new cluster. The procedure continues until some stopping rule is encountered.



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



:



Regression Diagnostics Unusual and Influential Data Multiple outliers case Statistical Methods for Multivariate Outlier Detection



:
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