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1: What is Linear Discriminant Analysis (LDA)? - Definition from Techopedia
What is Discriminant Analysis? History and Definition. Discriminant Analysis is a statistical tool with an objective to
assess the adequacy of a classification, given the group memberships; or to assign objects to one group among a
number of groups.

Ability to output discriminant functions The package is installed with the following R code. The subtitle
shows that the model identifies buses and vans well but struggles to tell the difference between the two car
models. The first four columns show the means for each variable by category. Consider the code below: In the
code immediately above, I changed this to be Scatterplot. It is also possible to specify values for each category
as a vector which naturally sum to 1. It is also possible to control treatment of missing variables with the
missing argument not shown in the code example above. Imputation allows the user to specify additional
variables which the model uses to estimate replacements for missing data points. LDA gives more information
on all of the arguments. I am no longer using all the predictor variables in the example below, for the sake of
clarity. I am going to talk about two aspects of interpreting the scatterplot: I said above that I would stop
writing about the model. If you prefer to gloss over this, please skip ahead. An alternative view of linear
discriminant analysis is that it projects the data into a space of number of categories â€” 1 dimensions. In this
example that space has 3 dimensions 4 vehicle categories minus one. While this aspect of dimension reduction
has some similarity to Principal Components Analysis PCA , there is a difference. The difference from PCA is
that LDA chooses dimensions that maximally separate the categories in the transformed space. The LDA
model orders the dimensions in terms of how much separation each achieves the first dimensions achieves the
most separation, and so forth. Hence the scatterplot shows the means of each category plotted in the first two
dimensions of this space. Also shown are the correlations between the predictor variables and these new
dimensions. Note the scatterplot scales the correlations to appear on the same scale as the means. So from this,
you can see what the model gets right and wrong in terms of correctly predicting the class of vehicle. The ideal
is for all the cases to lie on the diagonal of this matrix and so the diagonal is a deep color in terms of shading.
But here we are getting some misallocations no model is ever perfect. Given the shades of red and the
numbers that lie outside this diagonal particularly with respect to the confusion between Opel and saab this
LDA model is far from perfect. Try it yourself I created the analyses in this post with R in Displayr. Displayr
also makes Linear Discriminant Analysis and other machine learning tools available through menus,
alleviating the need to write code. Related Share Tweet To leave a comment for the author, please follow the
link and comment on their blog:
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2: What is discriminant analysis? definition and meaning - www.enganchecubano.com
Discriminant analysis is a classification problem, where two or more groups or clusters or populations are known a priori
and one or more new observations are classified into one of the known populations based on the measured
characteristics. Let us look at three different examples. Our objective is.

Training data are data with known group memberships. Here, we actually know which population contains
each subject. For example, in the Swiss Bank Notes, we actually know which of these are genuine notes and
which others are counterfeit examples. There are three common choices: Note that we require: The result of
this test will determine whether to use Linear or Quadratic Discriminant Analysis. Linear discriminant
analysis is for homogeneous variance-covariance matrices: Quadratic discriminant analysis is used for
heterogeneous variance-covariance matrices: We do not discuss testing whether the means of the populations
are different. If they are not, there is no case for DA Step 4: Here, we shall make the following standard
assumptions: The subjects are independently sampled. The data are multivariate normally distributed. This is
the rule to classify the new object into one of the known populations. Use cross validation to estimate
misclassification probabilities. As in all statistical procedures it is helpful to use diagnostic procedures to asses
the efficacy of the discriminant analysis. Those rules might involve things like, "what is the cost of
misclassification? There are really two alternative costs. This could cause a certain amount of emotional grief!
There is also the alternative cost of misclassifying someone as not having cancer when in fact they do have it.
The cost here is obviously greater if early diagnosis improves cure rates. Classify observations with unknown
group memberships.
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3: Help Online - Origin Help - Discriminant Analysis
Discriminant analysis is used to analyze data when the dependent variable is categorical and the independent variable
is interval in nature.

Using the SPSS discriminant function analysis program, accuracy in prediction can be best assessed using
percentage of correctly predicted group membership. An Alternative Method of Computing Probability of
Group Membership For reasons that I have not been able to fully comprehend, SPSS computes probability of
group membership as the relative height of the normal curve at a given point Tatsuoka, The following figure
gives an example of the calculation of probabilities based on the height of the normal curve. The following
program will generate probabilities for discriminant function analysis based on the relative height of the
normal curve at any point. This program should be used to match the probabilities generated using SPSS.
Discriminant Function Homework Assignment This section will guide the reader through the discriminant
function analysis homework assignment. It will demonstrate the use of both the Discriminant Function
Probabilities program and the SPSS discriminant function analysis option. The exercise consists of two parts:
The first step is the creation of a data file in SPSS. The data editor for the example data appears below. After
creating the data file, the first step in the analysis procedure is finding the means and variances of the two
groups and performing an ANOVA on the results. The screen snapshot below shows the interface for the
Means command and the example data. The output resulting from running this command is shown below. This
output can be copied directly into the statistical section of the homework assignment and is necessary before
the classification section can be completed. The completed statistical section is shown below. Far easier is the
use of the Discriminant Function Probabilities program supplied with this text. The probabilities for this
assignment are based on a direct application of Bayes theorem and not the SPSS probabilities. Do not choose
the SPSS probabilities option. After calling the program, enter the two means and the mean square within
found in the previous step into the appropriate text boxes in the program interface. This needs to be done only
once. Following this, enter each different score into the Score text box and click on the Compute button. The
results for the first score of 11 should appear as follows. The results of the final score of 18 appear as follows.
The probabilities found using the Discriminant Function Probabilities can be entered directly on the
assignment. At some point in the data, the predicted group will switch from group 0 to group 1. In the example
data below, a score of 14 is the cutoff for predicted membership in group 0. The results could be submitted for
grading at this point, but a few minutes spent submitting the data to the Discriminant Function Analysis
program in SPSS will allow you to verify your results and better understand the SPSS output. The X variable
is selected as the independent variable and Y is the grouping variable. In this case the groups were coded as 0
and 1, so these values are entered in the corresponding text boxes. The interface and example data analysis is
shown below. You need to optionally request some additional output. Click on the Classify button and select
casewise results, summary table, and territorial map as options in the resulting screen. The selection of the
options for this command is illustrated below. The optional casewise results output from the SPSS
discriminant function analysis program is presented below. The results of the optional summary classification
table is presented below. Discriminant Analysis with More than Two Groups The extension of discriminant
function analysis to situations where there are three or more groups is straightforward. Probabilities of the
observed score given group membership are computed in a manner similar to the case of dichotomous groups.
The only difference is that there are more probabilities to compute. The following illustrates overlapping
probability models for five groups. In this case some groups could be discriminated more easily than others.
For example, group 1 differs from the others, while groups 2 and 3 could be discriminated from groups 4 and
5. It would be difficult to discriminate membership in group 2 from group 3 using this single variable. An
Example Discriminant Function Analysis with Three Groups and Five Variables A real-life application of
discriminant function analysis will now be presented to illustrate the potential usefulness of this technique. In
the criminal justice system in the United States defense attorneys often attempt to have their clients declared
incompetent to stand trial. Being incompetent to stand trial basically means the person being accused has little
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knowledge of the criminal justice procedure and is incapable of assisting in his or her own defense. Being
declared incompetent to stand trial does not absolve someone of criminal activity, but it can often delay the
trial. Because the longer a case takes to go to trial, the more likely witnesses are to disappear, the less the
publicity around the crime, or the less likely the government is to prosecute, criminals sometimes wish to be
found incompetent to stand trial when if fact they are not. To achieve this end they malinger, or fake, their
answers on psychological tests. One of the functions of Psychologists in the prison system in the United States
is to testify as to the competence to stand trial of various accused persons. They are asked to give an opinion
as to whether the accused is truly incompetent or malingering. In the example study???? The purpose of the
study was to create a new scale that could differentiate between the three groups to assist the Psychologist in
testifying as to the true competence to stand trial of the person being accused. For demonstration purposes, the
data set has been reduced to five items on the MMPI. A portion of the data editor file is shown below. The
Group variable is coded with the following value labels. The five items were used as independent variables
and the group variable was selected as the grouping variable. A minimum value of 1 and a maximum value of
3 were selected as the range of the grouping variable. Optional classification results and plots were requested.
The procedure will return more than one discriminant function when there are more than two groups and at
least two independent variables. The number of possible discriminant functions can be computed by finding
the smaller of one minus the number of groups or the number of independent variables. In this case one minus
the number of groups is two and the number of independent variables is five, so there can be two discriminant
functions. Not all the discriminant functions will be equally useful in discriminating between groups and the
next step in the analysis is often to decide how many to use. This decision is aided by the following table of
eigenvalues. The term eigenvalue will be discussed in detail in a later chapter. For the purposes of this
discussion, examination of the relative percent of variance accounted for by each discriminate function will
provide useful information. Here it can be seen that the first discriminant function accounts for about 76
percent of the variance, or about three times the percent of variance of the second discriminant function, or 24
percent. Although both functions will be examined in the following discussion, only the first is likely to
discriminate between the groups with any accuracy. The next table of interest in the discriminant function
output of SPSS is the table of standardized discriminate function coefficients presented below. These
coefficients allow the computation of new variables that can be used to discriminate between groups in the
same manner as the single variable in the earlier presentation. Because the new variable is standardized, the
first step in computation is to convert all the dependent variables to standard scores. The second step is the
multiplication of the standardized canonical discriminate function coefficients times each of the standard
scores and then summing the results. For example, finding the first discriminate function for subject 33 could
be done as follows: The resulting data file is presented in the following figure. The resulting discriminate
function can be plotted in a scatter plot as an option in the SPSS discriminate function analysis program to
give a visual representation of the results. In the following the large red dots indicate the centroids, or means,
of each of the three groups on the computed discriminate function variables. Group membership is indicated
by the use of different markers and colors for each subject. The scatter plot is presented below. By projecting
the points onto the x-axis you can get a pretty good idea of how the first discriminate function works to
discriminate between groups. The malingering groups scores the lowest, the non-malingering group is in the
middle, and the psychiatric group scores the highest on this variable. In a similar manner, the discrimination of
the second discriminate function can be seen by projecting the points onto the y-axis. In this function the
non-malingering group can be distinguished from the malingering and psychiatric groups, but the latter two
groups may not be differentiated. The centroids of the latter two groups project to pretty much the same value
on the y-axis. The discriminate function probability calculator cannot be used because it was designed for use
with only two groups, but in concept the methods are identical. Because SPSS finds these values automatically
as part of the output, there is little reason to do so by hand. The summary table of classification by the original
discriminant functions is part of the optional SPSS output of the discriminant function program and is
presented below for the example data. The overall correct classification rate was 65 percent. Psychiatric
patients were most likely to be correctly classified Depending upon the cost of each type of misclassification
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error, the statistician might want to adjust the classification cutoff points. Implementing standardized scores
and standardized canonical discriminant function weights can be cumbersome. Most often the statistician
would use the results of the discriminant function analysis to construct a new scale, generally ignoring item
weights. For example, the first discriminant function, has three items with weights with a fairly high absolute
value, items The resulting value, called df1 for discriminant function one, is a number between zero and three
corresponding to the number of times true was selected in these three items. It can be seen in the contingency
table that the scores of 1 and 2 on the df1 variable could be combined into a prediction of non-malingering
with a slight loss of information the red box defines the new classification. Recoding the df1 variable into
predicted group membership using discriminant function one resulted in the following summary classification
table. An overall correct classification rate of You can see that this classification system was biased in favor
of a classification of non-malingering, with 66 out of classified in this category. A similar recoding and
computing of the second discriminate function could be done, but the likelihood of success is small based on
the relatively small eigenvalue for this function. Based on the sign and absolute values of the standardized
canonical discriminant function coefficients, this variable df2 for discriminant function two will be
constructed by subtracting items and and adding items , , and In general, the higher the value of this variable,
the more likely the patient belongs to the non-malingering group.
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4: Discriminant Analysis (DA) | statistical software for Excel
Linear discriminant analysis (LDA), normal discriminant analysis (NDA), or discriminant function analysis is a
generalization of Fisher's linear discriminant, a method used in statistics, pattern recognition and machine learning to
find a linear combination of features that characterizes or separates two or more classes of objects or events.

Discriminant Analysis Discriminant analysis builds a predictive model for group membership. The model is
composed of a discriminant function or, for more than two groups, a set of discriminant functions based on
linear combinations of the predictor variables that provide the best discrimination between the groups. The
functions are generated from a sample of cases for which group membership is known; the functions can then
be applied to new cases that have measurements for the predictor variables but have unknown group
membership. The grouping variable can have more than two values. The codes for the grouping variable must
be integers, however, and you need to specify their minimum and maximum values. Cases with values outside
of these bounds are excluded from the analysis. On average, people in temperate zone countries consume more
calories per day than people in the tropics, and a greater proportion of the people in the temperate zones are
city dwellers. A researcher wants to combine this information into a function to determine how well an
individual can discriminate between the two groups of countries. The researcher thinks that population size
and economic information may also be important. Discriminant analysis allows you to estimate coefficients of
the linear discriminant function, which looks like the right side of a multiple linear regression equation. That
is, using coefficients a, b, c, and d, the function is: If you use a stepwise variable selection method, you may
find that you do not need to include all four variables in the function. For each canonical discriminant
function: The grouping variable must have a limited number of distinct categories, coded as integers.
Independent variables that are nominal must be recoded to dummy or contrast variables. Cases should be
independent. Predictor variables should have a multivariate normal distribution, and within-group
variance-covariance matrices should be equal across groups. Group membership is assumed to be mutually
exclusive that is, no case belongs to more than one group and collectively exhaustive that is, all cases are
members of a group. The procedure is most effective when group membership is a truly categorical variable; if
group membership is based on values of a continuous variable for example, high IQ versus low IQ , consider
using linear regression to take advantage of the richer information that is offered by the continuous variable
itself. From the menus choose: Select an integer-valued grouping variable and click Define Range to specify
the categories of interest. Select the independent, or predictor, variables. If your grouping variable does not
have integer values, Automatic Recode on the Transform menu will create a variable that does. Select the
method for entering the independent variables. Simultaneously enters all independent variables that satisfy
tolerance criteria. Uses stepwise analysis to control variable entry and removal. Optionally, select cases with a
selection variable.
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5: Lesson Discriminant Analysis | STAT
Regression based statistical technique used in determining which particular classification or group (such as 'ill' or
'healthy') an item of data or an object (such as a patient) belongs to on the basis of its characteristics or essential
features.

In practice, instead of reducing the dimensionality via a projection here: LDA , a good alternative would be a
feature selection technique. For low-dimensional datasets like Iris, a glance at those histograms would already
be very informative. Another simple, but very useful technique would be to use feature selection algorithms;
in case you are interested, I have a more detailed description on sequential feature selection algorithms here ,
and scikit-learn also implements a nice selection of alternative approaches. Normality assumptions It should
be mentioned that LDA assumes normal distributed data, features that are statistically independent, and
identical covariance matrices for every class. However, this only applies for LDA as classifier and LDA for
dimensionality reduction can also work reasonably well if those assumptions are violated. And even for
classification tasks LDA seems can be quite robust to the distribution of the data: In practice, LDA for
dimensionality reduction would be just another preprocessing step for a typical machine learning or pattern
classification task. Computing the d-dimensional mean vectors In this first step, we will start off with a simple
computation of the mean vectors , of the 3 different flower classes: Computing the Scatter Matrices Now, we
will compute the two 4x4-dimensional matrices: The within-class and the between-class scatter matrix.
However, the resulting eigenspaces will be identical identical eigenvectors, only the eigenvalues are scaled
differently by a constant factor. Solving the generalized eigenvalue problem for the matrix Next, we will solve
the generalized eigenvalue problem for the matrix to obtain the linear discriminants. Please note that this is not
an issue; if is an eigenvector of a matrix , we have. Here, is the eigenvalue, and is also an eigenvector that thas
the same eigenvalue, since. After this decomposition of our square matrix into eigenvectors and eigenvalues,
let us briefly recapitulate how we can interpret those results. As we remember from our first linear algebra
class in high school or college, both eigenvectors and eigenvalues are providing us with information about the
distortion of a linear transformation: The eigenvectors are basically the direction of this distortion, and the
eigenvalues are the scaling factor for the eigenvectors that describing the magnitude of the distortion. Let us
briefly double-check our calculation and talk more about the eigenvalues in the next section. Checking the
eigenvector-eigenvalue calculation A quick check that the eigenvector-eigenvalue calculation is correct and
satisfy the equation: Selecting linear discriminants for the new feature subspace 4. Sorting the eigenvectors by
decreasing eigenvalues Remember from the introduction that we are not only interested in merely projecting
the data into a subspace that improves the class separability, but also reduces the dimensionality of our feature
space, where the eigenvectors will form the axes of this new feature subspace. However, the eigenvectors only
define the directions of the new axis, since they have all the same unit length 1. So, in order to decide which
eigenvector s we want to drop for our lower-dimensional subspace, we have to take a look at the
corresponding eigenvalues of the eigenvectors. Roughly speaking, the eigenvectors with the lowest
eigenvalues bear the least information about the distribution of the data, and those are the ones we want to
drop. The common approach is to rank the eigenvectors from highest to lowest corresponding eigenvalue and
choose the top eigenvectors. In fact, these two last eigenvalues should be exactly zero: In LDA, the number of
linear discriminants is at most where is the number of class labels, since the in-between scatter matrix is the
sum of matrices with rank 1 or less. Note that in the rare case of perfect collinearity all aligned sample points
fall on a straight line , the covariance matrix would have rank one, which would result in only one eigenvector
with a nonzero eigenvalue. Choosing k eigenvectors with the largest eigenvalues After sorting the eigenpairs
by decreasing eigenvalues, it is now time to construct our -dimensional eigenvector matrix here: Transforming
the samples onto the new subspace In the last step, we use the -dimensional matrix that we just computed to
transform our samples onto the new subspace via the equation. The documentation can be found here: PCA
finds the axes with maximum variance for the whole data set where LDA tries to find the axes for best class
seperability. Where the PCA accounts for the most variance in the whole dataset, the LDA gives us the axes
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that account for the most variance between the individual classes. LDA via scikit-learn Now, after we have
seen how an Linear Discriminant Analysis works using a step-by-step approach, there is also a more
convenient way to achive the same via the LDA class implemented in the scikit-learn machine learning
library. Yes, the scatter matrices will be different depending on whether the features were scaled or not. In
addition, the eigenvectors will be different as well. This can be shown mathematically I will insert the
formulaes some time in future , and below is a practical, visual example for demonstration.
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6: Linear Discriminant Analysis
Linear discriminant analysis (LDA) is a type of linear combination, a mathematical process using various data items and
applying functions to that set to separately analyze multiple classes of objects or items.

Discriminant Analysis DA Discriminant Analysis DA Discriminant analysis is a popular explanatory and
predictive data analysis technique that uses a qualitative variable as an output. Do it in Excel. What is
Discriminant Analysis? Discriminant Analysis DA is a statistical method that can be used in explanatory or
predictive frameworks: Check on a two- or three-dimensional chart if the groups to which observations belong
are distinct; Show the properties of the groups using explanatory variables; Predict which group a new
observation will belong to. Discriminant Analysis may be used in numerous applications, for example in
ecology and the prediction of financial risks credit scoring. What is the difference between Linear and
Quadratic Discriminant Analysis? Two models of Discriminant Analysis are used depending on a basic
assumption: The Box test is used to test this hypothesis the Bartlett approximation enables a Chi2 distribution
to be used for the test. Discriminant Analysis and Multicollinearity issues With linear and still more with
quadratic models, we can face problems of variables with a null variance or multicollinearity between
variables. The variables responsible for these problems are automatically ignored either for all calculations or,
in the case of a quadratic model, for the groups in which the problems arise. Multicollinearity statistics are
optionally displayed so that you can identify the variables which are causing problems. Discriminant Analysis
and variable selection As for linear and logistic regression, efficient stepwise methods have been proposed.
They can, however, only be used when quantitative variables are selected as the input and output tests on the
variables assume them to be normally distributed. The stepwise method gives a powerful model which avoids
variables which contribute only little to the model. Classification table, ROC curve and cross-validation
Among the numerous results provided, XLSTAT can display the classification table also called confusion
matrix used to calculate the percentage of well-classified observations. When only two classes or categories or
modalities are present in the dependent variable, the ROC curve may also be displayed. The ROC curve
Receiver Operating Characteristics displays the performance of a model and enables a comparison to be made
with other models. The terms used come from signal detection theory. The proportion of well-classified
positive events is called the sensitivity. The specificity is the proportion of well-classified negative events. If
you vary the threshold probability from which an event is to be considered positive, the sensitivity and
specificity will also vary. The curve of points 1-specificity, sensitivity is the ROC curve. The green curve
corresponds to a well-discriminating model. The red curve first bisector corresponds to what is obtained with a
random Bernoulli model with a response probability equal to that observed in the sample studied. A model
close to the red curve is therefore inefficient since it is no better than random generation. A model below this
curve would be disastrous since it would be less even than random. The AUC corresponds to the probability
such that a positive event has a higher probability given to it by the model than a negative event. A model is
usually considered good when the AUC value is greater than 0. A well-discriminating model must have an
AUC of between 0. A model with an AUC greater than 0. The results of the model as regards forecasting may
be too optimistic: For this reason, cross-validation was developed: This operation is repeated for all the
observations in the learning sample. The results thus obtained will be more representative of the quality of the
model. XLSTAT gives the option of calculating the various statistics associated with each of the observations
in cross-validation mode together with the classification table and the ROC curve if there are only two classes.
Lastly, you are advised to validate the model on a validation sample wherever possible. Discriminant analysis
and logistic regression Where there are only two classes to predict for the dependent variable, discriminant
analysis is very much like logistic regression. Discriminant analysis is useful for studying the covariance
structures in detail and for providing a graphic representation. Logistic regression has the advantage of having
several possible model templates, and enabling the use of stepwise selection methods including for qualitative
explanatory variables. The user will be able to compare the performances of both methods by using the ROC
curves. Activate this option if you want to assume that the covariance matrices associated with the various
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classes of the dependent variable are equal i. Activate this option if you want to take prior possibilities into
account. The probabilities associated with each of the classes are equal to the frequency of the classes.
Activate this option if you want to use one of the four selection methods provided: The selection process starts
by adding the variable with the largest contribution to the model. If a second variable is such that its entry
probability is greater than the entry threshold value, then it is added to the model. After the third variable is
added, the impact of removing each variable present in the model after it has been added is evaluated. If the
probability of the calculated statistic is greater than the removal threshold value, the variable is removed from
the model. This method is similar to the previous one but starts from a complete model. The procedure is the
same as for stepwise selection except that variables are only added and never removed. The procedure starts
by simultaneously adding all variables. The variables are then removed from the model following the
procedure used for stepwise selection. If the number of observations for the various classes for the dependent
variables are not uniform, there is a risk of penalizing classes with a low number of observations in
establishing the model. Artificial weights are assigned to the observations in order to obtain classes with an
identical sum of weights. You can select the weights to be assigned to each observation. Activate this option if
you want to use a sub-sample of the data to validate the model. These statistics are used, among other places,
in the posterior calculations of probabilities for the observations. This table identifies the variables responsible
for the multicolinearity between variables. As soon as a variable is identified as being responsible for a
multicolinearity its tolerance is less than the limit tolerance set in the "options" tab in the dialog box , it is not
included in the multicolinearity statistics calculation for the following variables. Thus in the extreme case
where two variables are identical, only one of the two variables will be eliminated from the calculations. They
are used in the calculations and check the following relationship: The inter-class covariance matrix equal to
the unbiased covariance matrix for the means of the various classes , the intra-class covariance matrix for each
of the classes unbiased , the total intra-class covariance matrix, which is a weighted sum of the preceding ones,
and the total covariance matrix calculated for all observations unbiased are displayed successively. The Box
test is used to test the assumption of equality for intra-class covariance matrices. Two approximations are
available, one based on the Chi2 distribution, and the other on the Fisher distribution. The results of both tests
are displayed. The statistic calculated is approximately distributed according to a Chi2 distribution. The
Mahalanobis distance is used to measure the distance between classes taking account of the covariance
structure. If we assume the intra-class variance matrices are equal, the distance matrix is calculated by using
the total intra-class covariance matrix which is symmetric. If we assume the intra-class variance matrices are
not equal, the Mahalanobis distance between classes i and j is calculated by using the intra-class covariance
matrix for class i which is symmetric. The distance matrix is therefore asymmetric. If the covariance matrices
are assumed to be equal, the Fisher distances between the classes are displayed. They are calculated from the
Mahalanobis distance and are used for a significance test. The matrix of p-values is displayed so as to identify
which distances are significant. If the covariance matrices are not assumed to be equal, the table of generalized
squared distances between the classes is displayed. The generalized distance is also calculated from the
Mahalanobis distances and uses the logarithms of the determinants of the covariance matrices together with
the logarithms of the prior probabilities if required by the user. The test is used to test the assumption of
equality of the mean vectors for the various classes. When there are two classes, the test is equivalent to the
Fisher test mentioned previously. If the number of classes is less than or equal to three, the test is exact. The
Rao approximation is required from four classes to obtain a statistic approximately distributed according to a
Fisher distribution. Unidimensional test of equality of the means of the classes: These tests are used to test the
assumption of equality of the means between classes variable by variable. A value of 1 means the class means
are equal. A low value is interpreted as meaning there are low intra-class variations and therefore high
inter-class variations, hence a significant difference in class means. This table shows the eigenvalues
associated with the various factors together with the corresponding discrimination percentages and cumulative
percentages. In discriminant analysis, the number of non-null eigenvalues is equal to at most k-1 where k is
the number of classes. The scree plot is used to display how the discriminant power is distributed between the
discriminant factors. The sum of the eigenvalues is equal to the Hotelling trace. This table displays for each
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eigenvalue, the Bartlett statistic and the corresponding p-value which is computed using the asymptotic
Chi-square approximation. If it is rejected for the greatest eigenvalue then the test is performed again until H0
cannot be rejected. This test is known as conservative, meaning that it tends to confirm H0 in some cases
where it should not. You can however use this test to check how many factorial axes you should consider see
Jobson, This table shows the eigenvectors afterwards used in the canonical correlations, canonical function
coefficients and observation coordinate scores calculations. The calculation of correlations between the scores
in the initial variable space and in the discriminant factor space is used to display the relationship between the
initial variables and the factors in a correlation circle. The correlation circle is an aid in interpreting the
representation of the observations in factor space. Canonical correlations are also a measurement of the
discriminant power of the factors. Canonical discriminant function coefficients: These coefficients can be used
to calculate the coordinates of an observation in discriminant factor space from its coordinates in the initial
variable space. Standardized canonical discriminant function coefficients:
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7: Discriminant Function Analysis
Linear discriminant analysis is the statistical method of classifying an observation having p component in one of the two
groups It is developed by Fisher.

Code for this page was tested in Stata Linear discriminant function analysis i. In addition, discriminant
analysis is used to determine the minimum number of dimensions needed to describe these differences. A
distinction is sometimes made between descriptive discriminant analysis and predictive discriminant analysis.
We will be illustrating predictive discriminant analysis on this page. The purpose of this page is to show how
to use various data analysis commands. It does not cover all aspects of the research process which researchers
are expected to do. In particular, it does not cover data cleaning and checking, verification of assumptions,
model diagnostics or potential follow-up analyses. Examples of discriminant function analysis Example 1. A
large international air carrier has collected data on employees in three different job classifications: The
director of Human Resources wants to know if these three job classifications appeal to different personality
types. Each employee is administered a battery of psychological test which include measures of interest in
outdoor activity, sociability and conservativeness. Fisher not only wanted to determine if the varieties differed
significantly on the four continuous variables, but he was also interested in predicting variety classification for
unknown individual plants. We have a data file, discrim. The psychological variables are outdoor interests,
social and conservative. The categorical variable is job type with three levels; 1 customer service, 2 mechanic
and 3 dispatcher. It is always a good idea to start with descriptive statistics. Some of the methods listed are
quite reasonable, while others have either fallen out of favor or have limitations. Discriminant function
analysis â€” The focus of this page. This procedure is multivariate and also provides information on the
individual dimensions. Multinomial logistic regression or multinomial probit â€” These are also viable
options. However, the psychological variables will be the dependent variables and job type the independent
variable. The separate ANOVAs will not produce multivariate results and do not report information
concerning dimensionality. Discriminant function analysis We will run the discriminant analysis using the
candisc procedure. We could also have run the discrim lda command to get the same analysis with slightly
different output. There is a great deal of output, so we will comment at various places along the way. EigenVariance lihood Fcn Corr. However, some discriminant dimensions may not be statistically significant. In this
example, there are two discriminant dimensions, both of which are statistically significant. The first F-ratio
tests that both canonical correlations are zero; the second F-ratio test that only the second canonical correlation
is zero. Since both of these tests are significant, it follows that both dimensions are significant and are needed
to describe the differences between the three groups of employees. The canonical correlations for the
dimensions one and two are 0. For example, a one standard deviation increase on the outdoor variable will
result in a. The canonical structure, also known as canonical loading or discriminant loadings, represent
correlations between observed variables and the unobserved discriminant functions dimensions. The
discriminant functions are a kind of latent variable and the correlations are loadings analogous to factor
loadings. Values in the diagonal of the classification table reflect the correct classification of individuals into
groups based on their scores on the discriminant dimensions. By default, Stata assumes a priori an equal
number of people in each job. This is represneted by the 0. If you have different expected proportions in mind,
you may specify them with the priors option. Next, we will plot a graph of individuals on the discriminant
dimensions. Due to the large number of subjects we will shorten the labels for the job groups to make the
graph more legible. As long as we do not save the dataset, these new labels will not be made permanent. As
you can see, the customer service employees tend to be at the more social negative end of dimension 1; the
dispatchers are at the opposite end; the mechanics are in the middle. On dimension 2 the results are not as
clear; however, the mechanics tend to be higher on the outdoor dimension and customer service employees
and dispatchers are lower. We can also plot the discriminant loadings for the variables onto the discriminant
dimensions. Things to consider Multivariate normal distribution assumptions holds for the response variables.
This means that each of the dependent variables is normally distributed within groups, that any linear
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combination of the dependent variables is normally distributed, and that all subsets of the variables must be
multivariate normal. Each group must have a sufficiently large number of cases. Different classification
methods may be used depending on whether the variance-covariance matrices are equal or very similar across
groups. Non-parametric discriminant function analysis, called kth nearest neighbor, can also be performed.
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8: What is Discriminant Analysis?
Discriminant analysis is a versatile statistical method used by market researchers to classify observations into two or
more groups. Learn how discriminant analysis can serve your business objectives and help you to better understand
your products and services.

What is Discriminant Analysis? A v ery commonly used method of classification is the Discriminant Analysis.
For the purpose of creating a classifier, the parameters for the Gaussian distribution are estimated by the fitting
function for every class. In order to predict new data classes, the class having the lowest cost of
misclassification is found by the trained classifier. Named after the inventor, R. It is basically a technique of
statistics which permits the user to determine the distinction among various sets of objects in different
variables simultaneously. When to Use Discriminant Analysis? There are certain requirements for using this
analysis: Data must be from different groups. Membership of group should be already known before the
starting analysis. It is used for the analysis of differences in groups. It is used for classification of new objects.
Discriminant Analysis Examples To use discriminant analysis, one needs to ensure that the data cases should
be members of two or more mutually exclusive groups. These may be persons, animals, economic growth of a
country at different points in time etc. For example, a research team has been organized to study the outcomes
of buildings on fire when residents are involved. The purpose of the study is to predict what elements can
ensure the safe release of residents even before the fire security team arrives. The Hypothesis is that many
variables may be good predictors of safe evacuation versus injury to during evacuation of residents. These
variables may be: The research team will examine the previous incidents and come up with a prediction
equation which will be helpful in taking precautionary measures for future incidents. Discriminant Analysis
Example in Education Discriminant analysis techniques are helpful in predicting admissions to a particular
education program. Psychologists studying educational testing predict which students will be successful, based
on their differences in several variables. Discriminant Analysis Example in Political Sciences Political
scientists who study court case dispositions use techniques derived from this analysis. These techniques are
also used to examine voting behavior among citizens or among legislators. Discriminant Analysis in Social
Sciences Researchers have used discriminant analysis in a wide variety of analysis. In social sciences,
researchers have used these techniques in psychological and educational testing. Another usage is in personnel
testing. Types of Discriminant Analysis Linear Discriminant Analysis This is used for performing
dimensionality reduction whereas preserving as much as possible the information of class discrimination. It is
basically a generalization of the linear discriminant of Fisher. This is a technique used in machine learning,
statistics and pattern recognition to recognize a linear combination of features which separates or characterizes
more than two or two events or objects. The combination that comes out as a result might be applied as linear
classifier as well as for dimensionality reduction prior to later classification. But, analysis of variance makes
use of independent categorical variables along with a continuous dependent variable, while Discriminant
Analysis has continuous independent variables along with the categorical dependent variable which is the
class label. These other techniques are used in applications where it is not accurate to make assumptions that
the independent variables have normal distributions, that is fundamentally assumed for LDA technique. Here
both the methods are in search of linear combinations of variables that are used to explain the data. LDA
clearly tries to model the distinctions among data classes. On the other hand, Principal Component Analysis
does not consider the distinctions among classes and the factor analysis method creates the feature
combinations on the basis of distinctions instead of similarities. Discriminant Analysis also differs from factor
analysis because this technique is not interdependent: LDA is applied min the cases where calculations done
on independent variables for every observation are quantities that are continuous. While working on
categorical independent variables, a technique which is equivalent is discriminant correspondence analysis.
Multiple Discriminant Analysis Mutliple Discriminant Analysis is a technique used to compress a multivariate
signal for producing a low dimensional signal that is open to classification. Multiple Discriminant Analysis
does not perform classification directly. It only helps classification is producing compressed signals that are
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open to classification. Uses of Multiple Discriminant Analysis Mutliple Discriminant Analysis is useful as
majority of the classifiers have a major affect on them through the curse of dimensionality. This means that
when signals are shown in spaces that extremely high dimensional, the performance of classifier is impaired
catastrophically through the over-fitting issue. This issue is lessened by compressing of signals down to a
space that is low dimensional as done by Multiple Discriminant Analysis. The technique is also used for
revealing neural codes. It is referred to as a method used for reducing the distinction among variables for the
purpose of classifying them into a given number of broad groups. This method is used in finance for
compressing the variance among securities while also permitting the person to screen for a number of
variables. It is linked with Discriminant Analysis that attempts in classification of a data set by developing a
rule which will give the most meaningful separation. Simplicity of the Method Despite the fact that this
method needs a little of mathematical implications, it is quite simple. Multiple Discriminant Analysis permits
the analyst to consider various stocks and emphasize on data pints which are very significant to a particular
kind of analysis, reducing down the other distinctions among stocks without completely factoring them out.
For instance, Multiple Discriminant Analysis can be applied in selecting securities in accordance with the
portfolio theory based on statistics and put forward by Harry Markowitz. When this technique is applied
accurately, it helps in factoring our variables such as price in favor of values which calculate historical
consistency and volatility. Quadratic Discriminant Analysis The assumption of groups with matrices having
equal covariance is not present in Quadratic Discriminant Analysis. Similar to the Linear Discriminant
Analysis, an observation is classified into the group having the least squared distance. But, the squared
distance does not reduce to a linear function as evident from the name, Quadratic Discriminant Analysis.
Quadratic distance, unlike linear distance is not symmetric. Quadratic distance, on the results, is known as the
generalized squared distance. Quadratic Discriminant Analysis and Linear Discriminant Analysis The
Mahalonobis distances are calculated by Minitab through the use of covariance matrices of individual class.
However, a quadratic discriminant function is not calculated by Minitab. Quadratic Discriminant Analysis is
linked closely with the Linear Discriminant Analysis in which the assumption is made that the calculations are
distributed normally. In Quadratic Discriminant Analysis, unlike Linear Discriminant Analysis, it is not
assumed that the covariance of every class is same. To calculate the parameters needed in quadratic
discrimination further data and computation is needed as compared to linear discrimination. If there is less
distinction in group covariance matrices, the latter will perform in a similar way to quadratic discrimination.
Quadratic Discrimination is also known as a general type of Bayesian discrimination. If a classification
variable and various interval variables are given, Canonical Analysis yields canonical variables which are used
for summarizing variation between-class in a similar manner to the summarization of total variation done by
principal components. First and Second Canonical Correlation If more than two or two observation groups are
given having measurements on various interval variables , a linear combination of variables is derived by
Canonical Analysis which has the greatest possible multiple correlation with groups. First Canonical
Correlation is the name given to this highest multiple correlation. In order to obtain the second canonical
correlation the linear combination which is uncorrelated with the initial canonical variable is found which has
the maximum multiple correlation with groups. The procedure of digging out canonical variables could be
done over and over again till the amount of canonical variables is equal to the amount of original variables or
minus one from the number of classes; whatever is smaller. The first canonical correlation must be as large as
the multiple correlation among any original variables and groups. In the case where original variables have
high correlations within the group, the first canonical correlation could be bigger even though every multiple
correlation is small. This implies that the first canonical variable can demonstrate major distinctions between
classes, even though this is not done by any original variables. For every canonical correlation, tests of
Canonical Analysis hypothesize that all smaller canonical correlations and this one are zero in population. The
variables must have an average multivariate normal distribution in every class, having a common covariance
matrix for the purpose of validating the levels of probability. Two variables are mean and standard deviations
are important while computing this type of analysis. In a nutshell it can be observed that Discriminant
Analysis is a long-standing technique used to derive dimensions among the groups that are different from one
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another. It is seen that the method is sometimes the first technique applied while approaching a problem of
classification. Therefore, in order to make use of this technique we should have in place a training data set.
This is not required by any other methods.
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9: Discriminant Analysis Explained With Types and Examples
Linear discriminant function analysis (i.e., discriminant analysis) performs a multivariate test of differences between
groups. In addition, discriminant analysis is used to determine the minimum number of dimensions needed to describe
these differences.

The data used in this example are from a data file, https: The variables include three continuous, numeric
variables outdoor, social and conservative and one categorical variable job with three levels: We are interested
in the relationship between the three continuous variables and our categorical variable. Specifically, we would
like to know how many dimensions we would need to express this relationship. Using this relationship, we can
predict a classification based on the continuous variables or assess how well the continuous variables separate
the categories in the classification. We will be discussing the degree to which the continuous variables can be
used to discriminate between the groups. Some options for visualizing what occurs in discriminant analysis
can be found in the Discriminant Analysis Data Analysis Example. To start, we can examine the overall means
of the continuous variables. We are interested in how job relates to outdoor, social and conservative. From this
output, we can see that some of the means of outdoor, social and conservative differ noticeably from group to
group in job. These differences will hopefully allow us to use these predictors to distinguish observations in
one job group from observations in another job group. Next, we can look at the correlations between these
three predictors. These correlations will give us some indication of how much unique information each
predictor will contribute to the analysis. Uncorrelated variables are likely preferable in this respect. We will
also look at the frequency of each job group. The discriminant command in SPSS performs canonical linear
discriminant analysis which is the classical form of discriminant analysis. In this example, we specify in the
groups subcommand that we are interested in the variable job, and we list in parenthesis the minimum and
maximum values seen in job. We next list the discriminating variables, or predictors, in the variables
subcommand. In this example, we have selected three predictors: We will be interested in comparing the
actual groupings in job to the predicted groupings generated by the discriminant analysis. For this, we use the
statistics subcommand. This will provide us with classification statistics in our output. Analysis Case
Processing Summary â€” This table summarizes the analysis dataset in terms of valid and excluded cases. In
this example, all of the observations in the dataset are valid. Group Statistics â€” This table presents the
distribution of observations into the three groups within job. We can see the number of observations falling
into each of the three groups. In this example, we are using the default weight of 1 for each observation in the
dataset, so the weighted number of observations in each group is equal to the unweighted number of
observations in each group. Eigenvalues and Multivariate Tests c. Function â€” This indicates the first or
second canonical linear discriminant function. The number of functions is equal to the number of
discriminating variables, if there are more groups than variables, or 1 less than the number of levels in the
group variable. In this example, job has three levels and three discriminating variables were used, so two
functions are calculated. Each function acts as projections of the data onto a dimension that best separates or
discriminates between the groups. Eigenvalue â€” These are the eigenvalues of the matrix product of the
inverse of the within-group sums-of-squares and cross-product matrix and the between-groups
sums-of-squares and cross-product matrix. These eigenvalues are related to the canonical correlations and
describe how much discriminating ability a function possesses. See superscript e for underlying calculations.
We can verify this by noting that the sum of the eigenvalues is 1. For any analysis, the proportions of
discriminating ability will sum to one. Thus, the last entry in the cumulative column will also be one.
Canonical Correlation â€” These are the canonical correlations of our predictor variables outdoor, social and
conservative and the groupings in job. If we consider our discriminating variables to be one set of variables
and the set of dummies generated from our grouping variable to be another set of variables, we can perform a
canonical correlation analysis on these two sets. From this analysis, we would arrive at these canonical
correlations. Test of Function s â€” These are the functions included in a given test with the null hypothesis
that the canonical correlations associated with the functions are all equal to zero. In this example, we have two
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functions. It is the product of the values of 1-canonical correlation2. In this example, our canonical
correlations are 0. Chi-square â€” This is the Chi-square statistic testing that the canonical correlation of the
given function is equal to zero. In other words, the null hypothesis is that the function, and all functions that
follow, have no discriminating ability. This hypothesis is tested using this Chi-square statistic. It is based on
the number of groups present in the categorical variable and the number of continuous discriminant variables.
The Chi-square statistic is compared to a Chi-square distribution with the degrees of freedom stated here. For
a given alpha level, such as 0. If not, then we fail to reject the null hypothesis. Discriminant Function Output
m. Standardized Canonical Discriminant Function Coefficients â€” These coefficients can be used to calculate
the discriminant score for a given case. The score is calculated in the same manner as a predicted value from a
linear regression, using the standardized coefficients and the standardized variables. For example, let zoutdoor,
zsocial and zconservative be the variables created by standardizing our discriminating variables. Then, for
each case, the function scores would be calculated using the following equations: The magnitudes of these
coefficients indicate how strongly the discriminating variables effect the score. For example, we can see that
the standardized coefficient for zsocial in the first function is greater in magnitude than the coefficients for the
other two variables. Thus, social will have the greatest impact of the three on the first discriminant score.
Structure Matrix â€” This is the canonical structure, also known as canonical loading or discriminant loading,
of the discriminant functions. It represents the correlations between the observed variables the three
continuous discriminating variables and the dimensions created with the unobserved discriminant functions
dimensions. Functions at Group Centroids â€” These are the means of the discriminant function scores by
group for each function calculated. If we calculated the scores of the first function for each case in our dataset,
and then looked at the means of the scores by group, we would find that the customer service group has a
mean of We know that the function scores have a mean of zero, and we can check this by looking at the sum
of the group means multiplied by the number of cases in each group: The reasons why an observation may not
have been processed are listed here. We can see that in this example, all of the observations in the dataset were
successfully classified. Prior Probabilities for Groups â€” This is the distribution of observations into the job
groups used as a starting point in the analysis. The default prior distribution is an equal allocation into the
groups, as seen in this example. SPSS allows users to specify different priors with the priors subcommand.
Predicted Group Membership â€” These are the predicted frequencies of groups from the analysis. The
numbers going down each column indicate how many were correctly and incorrectly classified. For example,
of the 89 cases that were predicted to be in the customer service group, 70 were correctly predicted, and 19
were incorrectly predicted 16 cases were in the mechanic group and three cases were in the dispatch group.
Original â€” These are the frequencies of groups found in the data. We can see from the row totals that 85
cases fall into the customer service group, 93 fall into the mechanic group, and 66 fall into the dispatch group.
These match the results we saw earlier in the output for the frequencies command. Across each row, we see
how many of the cases in the group are classified by our analysis into each of the different groups. For
example, of the 85 cases that are in the customer service group, 70 were predicted correctly and 15 were
predicted incorrectly 11 were predicted to be in the mechanic group and four were predicted to be in the
dispatch group. Count â€” This portion of the table presents the number of observations falling into the given
intersection of original and predicted group membership. For example, we can see in this portion of the table
that the number of observations originally in the customer service group, but predicted to fall into the
mechanic group is The row totals of these counts are presented, but column totals are not. For example, we
can see that the percent of observations in the mechanic group that were predicted to be in the dispatch group
is This is NOT the same as the percent of observations predicted to be in the dispatch group that were in the
mechanic group. The latter is not presented in this table. Appendix The following code can be used to
calculate the scores manually: Zoutdoor Zsocial Zconservative Score1 Score2
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