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Linear model

What happen if n << p?
y ~ x1+x2 + ... + x100, if n=10, 100, 1000
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High Dimensional Data and Linear Model
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when n << p:








parameter estimates: can not converge, high
variance.

reduce power: conclude that one or more of x
variables are not related to the y, when in fact
they are.
collinearity, or very strong relationship among
x variables, leading to biased parameter
estimators.
not possible to obtain LS estimators.
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How to deal with HD data
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Variable selection methods (e.g. stepwise regression,
best subsets regression)


the variable selection methods can produce estimates
with inflated standard errors for the coefficients (Hastie,
Tibshirani, & Friedman, 2009)



Data reduction techniques (e.g. principal
components regression, supervised principal
components regression, and partial least squares
regression).


Data reduction models combine the independent
variables into a small number of linear combinations,
making interpretation of results for individual variables
somewhat more difficult, and creating an extra layer of
complexity in the model as a whole (Finch, Hernandez Finch,
& Moss, 2014).
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Regularization, or Shrinkage techniques:
alternative parameter estimation algorithms
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Variable selection methods: assign an inclusion
weight of either 1 (include the variable in the
model) or 0 (exclude the variable from the
model), and then separately estimate the value
of βj for the included variables.
Regularization methods identify optimal values
of the βj such that the most important
independent variables receive higher values,
and the least important are assigned
coefficients at or near 0.
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The lasso
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The lasso
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Regularization methods have in common the application
of a penalty to the LS estimator in regression model.
Tuning parameter λ : control the amount of shrinkage (i.e.
the degree to which the relationship of the independent
variables to the dependent variable are down weighted or
removed from the model).
 Larger λ values: greater shrinkage of the model; i.e. a greater



reduction in the number of independent variables that are
likely to be included in the final model.
A λ of 0 leads to the LS estimator.
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The lasso




The least squares estimator is known to have
low bias in many situations, but can also have
relatively large variance, particularly in the
context of high dimensional data; i.e. relatively
many predictors and few observations (Loh &
Wainwright, 2012).
The lasso has been found to have somewhat
greater bias than the standard least squares
estimator, but with lower variance, particularly
in the high dimensional case (Hastie, Tibshirani, &
Wainwright, 2015).
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lasso Approach for Fitting Linear Models








The data were collected on 10 adults with autism (自閉症) who
were clients of an autism research and service provision center at
a large Midwestern university.
Adults identified with autism represent a particularly difficult
population from which to sample, meaning that quite frequently
sample sizes are small.
Sample: 10 adults (9 males), with a mean age of 20 years, 2
months (SD=1 year, 9.6 months).
Interest: the relationship between executive functioning (16
independent variables) as measured by the Delis-Kaplan
Executive Functioning System (DKEFS; Delis, Kaplan, & Kramer, 2001)
and the full scale intelligence score (FSIQ) (dependent variable)on
the Wechsler Adult Intelligence Scale, 4th edition (WAIS-IV; Wechsler,
2008).
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Example
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