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I ntroduction

Basic Matrix Algebra (BMA) performs basic matrix algebra routines to assist
more advanced students.

It isimportant for advanced students in applied statistics courses to understand matrix
algebra at least at abasic level. Unfortunately, it is often difficult to practice these
procedures without learning SPSS and SAS matrix programming languages. BMA
provides students a visual, user-friendly interface to learn basic matrix algebra. The
BMA program performs basic matrix algebra and helpsto illustrate the mathematical
procedures of multiple regression and multivariate analysis. The primary purpose of the
program is to provide a convenient learning tool with a user-friendly interface aswell as
to promote the effective teaching of multiple regression and multivariate analyses.

Matrix operations can be used to obtain important quantitiesin statistical work, such as
the matrix of variances and covariances for a set of variables, the determinant of a matrix
involved in several multivariate test statistics, and eigenvalues which are fundamental to
many multivariate analyses. Using matrix algebra, for example, the statistics can be
acquired for multiple regression. The BMA program includes simple, calculator-like
buttons for matrix addition, matrix subtraction, matrix multiplication, and division by a
scalar. Buttons are also included for transposing a matrix, calculating a determinant,
matrix inversion, and finding eigenvalues. Other special features include quick buttons
for calculations necessary for regression using a matrix algebra approach.
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l.
A Review of Basic Matrix Algebra Using BMAEA Program

1. Outlook of BMAEA

BMA program provides two windows: Operation Window and Results Window.

In the Operation Window, all the calculating buttons are in grey if cell values are
not registered in Matrices. Once calculating buttons are activated, or in bold, click
on any one and a Results Window will pop up.

The Results Window is designed to present calculating results and it will stay
until the whole program ends. If you choose to close it in a complex calculation
procedure, the data are still stored in the program unless you shut down the
Operation Window. For each calculation, the Results Window presents its
results only once and you need to either save them temporarily or copy them
back to the Operation Window and save them in *.txt files. The details will be
illustrated later.

oo he
# Rows # Columns
Fone Sedmes  HRows  #Coms Results Matrisx: ' by [+
Matrix A: | by[  Setbinersons | Matrix B: | by et Dinensions Y
Regte elVales nMatin Type of Results:
[Mstrix A + Matrix B
40000 80000 3.0000 3.0000
4.0000 1 1.0000 5.0000 10,0000
0.0000 7.0000 £.0000 11.0000
ClearA
Clear B
T EETET] —

Figure 1: BMAEA Operation Window (Left) and Results Window (Right)
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2. Matrix Addition, Subtraction, Multiplication and Division by a Scalar

The four functions are shown between two Matrix Boxes in the Operation
Window. For each function, the major four steps should be conducted:

Stepl: Set numbers of rows and columns and confirm them by clicking on the

button Set Dimenzions FE :

Step2: Input desired data in Matrix boxes;
Register Cell VY alues in Matrix & %
or

Step3: Click on the button

Register Cell Values in Matnx B % to confirm your entries:

Step4: Choose a desired function button to calculate results;

Example: As the operation procedures for the four functions are similar, we only
illustrate the Division Operation herein:

1) Operations in the Operation Window

S BMA: Basic Matrix Alpebra
File Function Manage Heb Gtenq: Set the number of Rows and Colums and Confirm them

# hows # Lolumnz H Rows # Lalumnz
Matrix A: |3 by |4 Set Dimensions Matrix B: |1 by |1

. Fegister CellValues nMatris & Redister Cell'Values in Matrix B

Set Dimensions ||

Step2: Input Data A*B Step3: Register Entries
A/B
Clear A
CloarB Stepd: Choose a Desired
_ClearB | Function
Transpoze b atrig A ‘ Inzert Initial Column of 1's ‘ Tranzpoze Matrix B | Create Matriv of A Means |
Determinant of Matrix & | | Determinant of b atrix B | |
Irneert b atris 2 ‘ Find Eigervalues of & ‘ Imvert b atriz B | Find Eigenvalues of B |

Figure 2: Operations in the Operation Window
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2) Operations in the Results Window

Once you click on  i==ef3) the Results Window pops up and the calculation
results will be presented. Based on individual needs, the results could be saved
temporarily for further calculations or permanently as *.txt file for use next time.

Temporary Save Mode: The maximum number of matrices saved in this mode
is THREE and they could be reloaded in the further calculation.

Permanent Save Mode: Copy results into either Matrix A or B box in the
Operation Window and save them by choosing ave Matrix A or ave matrix B in
the File Menu.

In this Division example, the results saved in the two modes are illustrated in the
following:

% Resulis Window

s AL £SO Transpose Results batrix ‘
Results Matrix: |3 by [4
Invert Results Matriz ‘
Type of Results: Fesults Matrix Eigenvalues ‘
|Matrix At ScalarB
18867 23333 DBE67 |
0.6EET 0.0000 1.3333 1.0000 Create Diagonal 1/50 Matris ‘

0.0000 0.3333 0.6667 1.0000

Calculate B2 far D in First Calumn ‘

Results from Diwisicm1
by a Scalar

I Load b atrix 1 I

/'
Save Results Savwa |
Temporarily

A& az Matrix 3 ‘ |

Load saved Results for
Further Calculation

I Copy to katrix A | Copwy to Matrix B ‘I

Copy Results for Permanent _
Save or Further Calculation ¥l Close ‘
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. BMA: Basic Matrix Algebra

File Function Manage Help

Hew Chrl+h # Colurnns # Flows # Calumns

Openinto Matrix & Ctrl+O 4 Set Dimensions Matrix B: 13 by ]4 Set Dimensions

2peninto Matrix B
ues in b atriz & |

Fiegister Cell Yalues in Matriz B ‘

Save Matrix & Chrl+5
2 16667 23333 0.EEEY
Exit \ Chrl+F4 ; 3 A+ B 0.B667 0.0000 1.3333 1.0000
1] 1 0.0000 03333 0.6667 1.0000

=

Permanent Save

A/B

Clear A
ClearB

Tranzpose Matrix & | Insert Initial Column of 1's | Transpose Matrix B ‘ Create Matrix of & Means ‘
Determinant of Matris & Determinant of Matix B
Irvert b atriz A | Find Eigenvalues of A | Inwert b atrix B ‘ Find Eigenvalues of B ‘

Figure 3: Temporary and permanent save modes

Note: Other function buttons designed specifically for Statistical courses in the Results
Window will be introduced in the later Multiple Regression lesson plan.
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3. The Transpose, Inverse, Determinant and Eigenvalues

In the Operation Window, the function buttons for Transpose, Inverse,
Determinant and Eigenvalues are provided for Matrix A and B separately. Once
you choose a desired function, the results for the matrix will be displayed in the

Results Window as illustrated above.

If there is any inappropriate operation, a dialog box will pop up and give you a
specific instruction shown as folows:

# Fiows # Columns

# Rows # Columng
Matrix A: i3 bY ]2 Set Dimensions Matrix B; 12 by ]3 Set Dimensions

I Reaister Cell W alues in tatix B J

Register Cell Values in Matrix &

1 D B |2 3
2 £ A+B ‘ 2 I3 4
i Warning -

‘fou can only find the determinant of a square matrix {number of rows must equal number of calumns),

Separate Functions for
Matrix & and B: Transpose,
Determinant, Inverse and
Eigenvalues ’/

Transpose Matiz B Create Matriz of & Means

Transpose batix & J Ingert Initial Column of 1's ]

Determinant of b atriv & I I

Open Results

Invert Matrix B Find Eigenvalues of B

Determinant of atrix B ‘ I

Ireert b atris & ] Find Eigenvalues of & |

Figure 4: Dialog box popping up for inappropriate operation
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4. Special Functions

1. Tomove, copy, swap matrices in Matrix A and B boxes, go directly to
Manage Menu in the Operation Window and find the function you want.

S BMA: Basic Matrix Algebra

File  PFunction Manag%Help

COpen Results Window Chrl+w

# Rows # Colurnns
Matrize A1 5wap Matrix 4 and Matrix B Matrix B: |2 by 13 Set Dimensions
Copy Matrix & to Matrix B (overwrite B) | Register Cell Values in Matriv B |
Copy Matrix B ko Matrix & {overwrite A)

1 i E 2 K]
Move Matrix & to Matrix B {overwrite B, clear &)

E N Move Matrix B to Matrix & (averwrite 4, clear B} 3 2 3
3 E Copy Matrix A to Results Window Chr+C —
/ =
A'B
Manage Menu for
Matrix Swap, Copy
and Move A/B

Clear A

| Cleor |
ClearB

Transpoze Matriz & | Irzert Initial Colurn of 1'z | Tranzpose Matriv B ‘ Create Matrix of & Means ‘

Determinant of Matriz & | ] Determinant of Matrix B ‘ |

Open Results
Invert Matrix A | Find Eigervealues of & | Irvert Matrix B ‘ Find Eigenvalues of B ‘

Figure 5: Manage menu for matrix swap, copy and move

2. Under the Function Menu, special reset, set and save functions are
provided, such as Reset Matrix A(B) to empty, Set Matrix A(B) as Identity Matrix,
and Save Matrix A(B) in Memory as Data Matrix X(Y), etc.
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i BMA: Basic Matrix Alzebra

BMAEA

File Function,\Manage Help

Reset |*\§trix & ko Emply

M Reset Matrix B ko Emply —_—

Set Matrix & as Identity Matrix
Set Matrix B as Identity Matrix

[

1 Sawe Matrix & in memory as Daka Matrix &
2 Load 3ka v
3

Save Matrix B in memary as Daka Matrix ¥

Sawe Matrix & in memory as Correlation Matrix R

T

Function Menu For
Special Reset, Set and
Save functions

Tranzpoze b atriz & ] Inzert Initial Calumn of 1's ]

Dreterminant of Matrix &

Irvvert Matrix & |

Find Eigenvalues of & |

A+B

A*B

A/B

Clear A
_Cleer |

Clear B

Open Results

# Rows
Matrix B; 2

# Colurnnz

by |3 Set Dimensions

Fiegister Cell Values in Matrix B ‘

Tranzpoze b atrix B ‘ Create Matrix of & Means ‘

Deterrinant of batrix B

Irvvert Matrix B |

Find Eigenwvalues of B |

Figure 6: Function menu for special reset, set and save functions

10
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Il. BMAEA Lesson Plan: Multiple Regression Case Study

In this section, students are required to learn about the calculation of important
elements in Multiple Regression Analysis using BMAEM, such as Matrix of Raw
(Standardized) Regression Coefficients, Sum of Squares about Regression and
Residuals, Mean Squares of Regression and Residuals, F-statistic, Matrix of
Standard Deviation, Variance-Covariance Matrix, and Zero-order correlation
Matrix, etc.

Case Study: Use the data provided to answer the multiple regression questions
below:

Person Y X1 X2 X3
1 63 11 69 32
2 71 17 75 50
3 85 16 88 33
4 60 25 60 25
5 65 15 65 30
6 63 08 87 29
7 95 20 71 49
8 50 06 65 21
9 75 12 80 24
10 91 16 77 42

Question01 Observed Scores

What is the observed dependent variable score (Y) for Person_4?

(Answer: 60)

Question02 Raw Regression Coefficients

What is the raw regression coefficient for predictor variable X27?
(Hint: You need to run BIBMA to answer this question; = (x'x)™(x'y); create column
vector of 1's and combine with x matrix to calculate intercept)
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Answer:

Stepl: Input X1, X2 and X3 into Matrix A box;
Step2: Click on the button of “Insert Initial Column of 1's” to calculate intercept;

S BMA: Basic Matnix Algebra

File Function Manage Help

# Rows # Calumns # Rows # Columnz
Matrix A: |1 0 by |4 Set Dimensions Madtrix B: |] 0 by |] Set Dimensions
Register Cell Yalues in Matrix & | Fegister Cell Y alues in Matriz B ‘
11.0000 £9.0000 32.0000

1.0000 17.0000 75.0000 50.0000 A+ B 71.0000
1.0000 16.0000 88.0000 33.0000 ©,|85.0000
1.0000 25.0000 £0.0000 25.0000 A- B 60.0000
1.0000 15.0000 £5.0000 30.0000 ~———— |E5.0000
1.0000 8.0000 87.0000 29.0000 A* B £3.0000
1.0000 20.0000 71.0000 45.0000 95.0000
1.0000 6.0000 65.0000 21.0000 50.0000
1.0000 12.0000 80.0000 24.0000 NB 75.0000
1.0000 16.0000 77.0000 42.0000 Claar 4 [{51.0000

Insert Column ClearB

of 1's

Transpoze Matris & Inzert Initial Colurnn af 1's

Dieterminant of Matrix & Determinant of batris B

Open Results
Irwert b atriv & | Find Eigervalues of A | Inwert b atrix B |

Transpose Matrix B | Create Matrix of & Means |

Find Eigenvalues of B |

Step3: Calculate (xx)! wusing Transpose, Swap, |nverse,
Tenporary Save Functions provided in either Operation W ndow
or Results W ndow

. BMA; Basic Matrix Algebra

Fille Function | Manage Help

Open Results Window Chrl+Hy # Pows

# Calumng
Matrix A:  Swap Matrix & and Matrix B & Matrix B: |1 0 by 14 Set Dimengions
Copy Matrix A to Matrix B (ovgrwrite B) Register Cell Values in Matnx B |

Copy Matrix B to Matrix & {ovgrwrite A7

1. 1 1 11.0000 £3.0000 32.0000

Move Matrix A to Matrix B {ovgrwrite B, clear &) 3
11.0000 1 Move Matrix B to Matri & (ovarwrite 4, cear B) 1.0000 17.0000 75.0000 50.0000
BIO00D 7 con Matrix A to Resuls Windbw cwlec | |10000 160000 (830000 33.0000

32.0000 50.0000 33.0000 25.0000 300000 2 A_—B 1.0000 25.0000 £0.0000 25.0000
1.0000 15.0000 E5.0000 30,0000

A*B 1.0000 £.0000 £7.0000 29.0000
1.0000 20,0000 71.0000 43.0000
1.0000 £.0000 £5.0000 21.0000
1.0000 12.0000 20,0000 24.0000

B | 1.0000 16.0000 77.0000 42.0000

ClearB
< b

Transpose Matrix & | Insert Initial Coluran of 1's | Transpose Matix B | Create Matriz of A Means |
Dieterminant of b atrix & Determinant of Matrix B

Open Resultz
Irvert batris & | Find Eigenvalues of & | Ireeert Matriz B |

Calculate X'X A/B

Find Eigenvalues of B |
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Step 4. Calculate (xy) in the simlar nmanner as illustrated
in Step3;

Step 5: Calulate (xX'x)™(x'y).

l‘1'-'-":-1, Results Window

w LG SR Tranzpose Results Matrix
Results Matrix: |4 by |1
Irwvert Resulks Matris

T}rpe of Results: Rezults Matrix Eigenvalues |
|MatrixA*Veu:tu:ur B

-19.0693 |
0.3373 Create Diagonal 1/50 Matrix |
07429

Calculate B2 for D0 in First Calurnn |
06435

Raw Regression Coefficient

fﬂr Predictur x2 Save az Matrix 1 | Load Matrix 1
Save az Matnx 2 | Load katni= 2
Save az Matrix 3 | Load Matix 3

I Copy to b atris & | Copy to b atriz B I

JL Close ‘

Question03 Regression Model

Write the regression model using raw regression coefficients (include intercept).(Hint:
Refer to the results generated for Question 02)

Answer: Y =-19.069 + .997X1 + .743X2 + .644X3

Question04 Predicted Values

What is the predicted Y value for Person_4? (Hint: Yhat = Xb or Y hat = x* (x'x)™*(X'y);
refer back to the results produced for Question 02 and continue your calculation using
BMA)
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Answer:

BMAEA

. BMA: Basic Matrix Alsebra

File Function Manage Help

# Rows # Columnz

Matrix A: 11 0 by ]4 Set Dimensions
| Reagister Cell Yalues in Matrix A i
1.0000 7.0000 | 69.0000 320000

1.0000 170000 |75.0000  50.0000

1.0000 160000 88.0000 330000

1.0000 250000  60.0000  25.0000

1.0000 150000 E5.0000  30.0000

1.0000 80000 &7.0000  23.0000

1.0000 200000 |71.0000  49.0000

1.0000 BOODD  ES0000 | 21.0000

1.0000 120000 800000 24.0000

1.0000 16.0000 ??.DDD@

Transpoze Matrix & ‘ Inzert Initial Colurmn of 1's ‘

Dreterminant of b atris &

Irvvert Matrin & ‘

Find Eigervalues of A ‘

A+B

A-B

AB

A/B

Clear &
ClearB

# Rows # Colurnns
Matrix B: ]4 by I'l Set Dimensions
Register Cell ¥ alues in Matrix B ‘
-19.0693
0.9973
0.7429

Y JRaw Regression
Coefficient

Tranzpose Matrix B ‘ Create b atrix of A Means ‘

Determinant of b atrix B

Irveert M atrix B ‘

Find Eigentalues of B ‘

5, Results Window

< s # Rows # Colurnnis Transpoze Results Matnis ]
Results Matrix: |10 by |1
Irwert Results batrix I
Type of Results: Results Matriz Eigenvalues I
1Ma1rixA*Veu:tu:ur B
B3.7529 ]
80,7778 Create Diagonal 150 Matnx ]
83.4976
Calculate B2 for D% in First Colurin ]
EE.5244
baAe - Save as Matrix 1 ] Load tatrix 1 ]
72,2021 Predicted Y
T Value for Person 4 Save a3 Matrix 2] Load Matrix 2 ]
49,7154 Save as Matrix 3 ] Load Matrix 3 ]
B7.7734
211179 Copy to b atriz & ] Copy to Matriz B ]

Il Close ‘

14
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Question05 Squared Residuals

BvAEd 15

What is the squared residual (Y-Y hat) for Person_4?
(Hint: Be careful!!! Thisisto calculate squared errors of prediction. You first haveto
calculate Y-Y hat using BMA. Use the results for Y hat in Question04)

Answer:

%1, BMA: Basic Matrix Algebra

File Funcktion Manage Help
# Fows # Calumng
Matrix A: |1l] by |1 Set Dimensions
Register Cell \alues in b atrix & |
£3.0000
71.0000 A+B
55.0000
£0.0000 A-B
E5.0000 |« Y m
£:3.0000 A* B
95.0000
50.0000
75.0000 NB
Clear A
ClearB
Tranzpose katrix A | Ingert Initial Calumn of 1's |
Dreterminant of batriz & I—
Inwvert Matrix & | Find Eigenvalues of A |

Matrix B: |1|] by |1 Set Dimensions

A=

# Fiows # Calumng

Reagister Cell Values in Matnx B |

63.7529
B5.7778
534976
EE.5244
£3.4835
72,201
B5.1547
48,7158

677734

Yhat

I 3

Transpoze b atriz B | Create Matrix of & Means |

Dieterminant of Matrix B

Irveert Matrix B | Find Eigenvalues of B |

i Results Window

H# Rows

# Columns

Results Matrix: [0 by

Type of Results:

|VectDrA*VectDr B

0.7529

147778

Residual (Y- Yhat)
for Person 4

Tranzpoze Hesults Matrix |

Invert Results b atrix |

Results Matriz Eigenvalues |

Create Diagonal 1/50 b atris |

Calzulate B2 for DV in First Colurnn |

Save az Matrix 1 | Load Matriz 1 |
Save az Matrix 2 | Load Matrnix 2 |
Save az Matrix 3 | Load Matrix 2 |

Copy ta b atris A | Copy ta M atriz B |

I Close ‘
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Question06 Degr ees of Freedom for Residual

How many degrees of freedom are there for the residual ?
(Hlnt. dfresidual = n = k' 1)

Answer: 10-3-1=6

Question07 Degrees of Freedom for Regression

How many degrees of freedom are there for the regression?
(Hint: df = k)

Answer: k= 3.

Question08 Mean Squares for Regression

What is the Mean Squares for the regression?
(Hint: MS,, = SSo/number of predictors = [(Y hat - Ybar) (Y hat - Y bar)]/number of
predictors; Ybar = (Sum of Y)/ number of cases)

Answer :
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. BMA: Basic Matrix Algebra

File Function Manage Help

# Rows # Columns

hatrix A: |1 1] by |1 Set Dimensions

Fegister Cell Y alues in Matriz A |

Tranzpoze b atrix A | Inzert Initial Column of 1's |

Dretermiriant of Matrix &

Irvvert Matrix & |

Find Eigenvalues of & |

85,7778 A+B

3 4976

66.5244 A-B
[

£:34835

o Yhat

722021 A* B

85,1547

48,7153

67.7734 A/B

@1.1173 clears |E

# Rows # Colurnnz
hMatrix B: |1 1] by |1 Set Dimengions
i Register Cell Yalues in Matrix B i
7.8
7.8
7.8
7.8
7.8
e * Ybar
7.8
7.8
7.8

Calculate
Ybar

Transpoze Matrix B | Create Matrix of & Means

Dretermninant of batrix B

Irvvert Matrix B |

Find Eigenvalues of B |

q‘*‘:a, Results Window

# Rows # Columnz

Results Matrix: |1 by |1

Type of Results:

|\f‘edDrA*\fectDrEl

13083910

Sum of Squares
about Regression

Tranzpoze Fesults Matrix ‘

Imvert Results b atrix ‘

Fezultz Matrix Eigenvalues ‘

iew EigerVALUES ‘

Create Diagonal 1750 Matrix ‘

Calculate B2 for D4 ik First Column ‘

Save as Matrixz 1 | Load Matris 1 |
Save as Matrix 2 | Load Matrix 2 |
Save as Matrix 3 | Load Matrix 3 |

Copy to Matriz A | Copy to Matnz B ‘

{1 Close ‘
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. Resulis Window

AL Gl Tranzpose Besults M atns ‘
Results Matrix: 1 by |1
Irveert Fiesults Matris ‘
T}'pe of Results: Results Matrix Eigenvalues ‘
|Sca|ar A Scalar B
4361305 | ot |
Mean Square Create Diagonal 1/50 Matrix ‘
of
Regression Calculate B2 for DV in First Calurnn ‘
Save as Matrix 1 | Load batrix 1 |
Save ag Matrix 2 | Load Matrix 2 |
Save ag Matriv 3 | Load batrix 3 |

Copy bo b atris & ‘ Copy to Matrix B ‘

¥l Close ‘

Question09 Means

What is the mean of predictor variable X27? (Hint: Use the function button under Matrix
B box)

Answer:

i, BMA: Basic Matnix Algebra

File Function Manage Help

# Flows # Columns # Flows # Columns
Matrix A: 10 by 3 Set Dimensions Matrix B: |10 by 3 Set Dimensians
Register Cell Values in Matrix & I Register CellValues in Matrix B |
£.0000 320000 737000 | 335000
70000 750000 500000 A+B |[seo0 727000 35000
GO0O0  BBODOD 330000 —|we000 73O | 33s000
bro000 00000 250000 A-B |[145000  Fazooo (335000 Means
T R TR T Matrix X | —— s 700 33500 |4 of
Doo0 870000 230000 A*B ||+ 73z (azs000 Matrix X
boooo0 710000 49.0000 146000 737000 335000
0000 BSODO0  21.0000 146000 7RF000 335000
20000 BOODOD 240000 A/B 146000 F3F0O00 335000
GODO0 770000 420000 e ‘ 146000 737000 335000
cearB || Click on this Button

to get means
Tianspose Matiix A | Insert Initial Column of 1's ‘ Transpose Matriz B | Create Matrix of & Means

Determinant of Matrix A Deterrninant of Matris B

Open Results
Irvert Matris & | Find Eigenvalues of & ‘ Inwert Matris B |

Find Eigenvalues of B |
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Question10 Mean Square of Residuals

What is the Mean Square of residuals?
(Hint: MS g4 =
Yhat)] / dfogq)-

Answer:
Step 1: Calculate SS.gua

i, BMA: Basic Matrix Algebra

File Function Manage Help

H Rows # Colurnz

Matrix A: 1 by 10 Set Dimensions

Register Cell Values in Matrix &

B Rows # Colurinz

Matrix B: [10 by Set Dimensions

Register Cell Walues in Matriz B

Transpose Matriz A ‘ Insert Initial Column of 1's ‘

Determinant of batriz 4

Irwert Matris £ |

Open Results
Find Eigenvalues of A |

S 47778 16024 £5244 15165 EI
Y A+B |17
1.5024
A-B ||ema |4
(Y- Yhat)’ — (Y- Yhat)
A*B |77
W | XY
1.2642
A/B 7.2266
Clear A !
Clear B
< >

Transpose Matrix B ‘ Create Matrix of & Means I

Determinant of Matrix B

Invert Matrix B ‘

Find Eigenvalues of B I

5, Resulis Window

# Rows # Colurnns

Tranzpoze Results M atriz |

Results Matrix: [1 by |1

Type of Results:

Inwert Resulks Matriz |

Reszultz b atrix Eigenvalues |

|\-"'EC1C|I’A*\-"'ECTDI’ =]

599.2124

Sum of Squares
about residuals

Create Diagonal 1/50 b atrix |

Calculate B2 for DY in First Colurmn |

Save as Matrix 1 | Load k4 atrix 1 |

Save as Matriz 2 | Load b atriz 2 |

Save as Matriz 3 | Load Matriz 3 |

Copy to b atrix & | Copy to Matrix B |

1l Close |

BMAEA

SS.4 / (number of cases — number of predictors- 1) = [(Y - Yhat)'(Y -
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Step 2: Cal cul ate M5, . gua

q’-"!e, Results Windows

= SSresi duaI/ ( 10- 3- 1)

Results Matrix: |1

# Flows

# Columns

Tranzpoze Fesultz Matrix I

Type of Results:

by |

Invert Results b atrix ‘

Fesultz Matrix Eigenvalues I

|ScalarA,ﬁ'ScalarB

99.8687

Mean Square of
Residuals

|

Create Diagonal 1/50 Matrix I

Calculate B2 for D in First Colurnn I

Save as Matrix 1 J Load Matrix 1 J
Save asz Matrix 2 J Load katrix 2 J
Save a: Matris 3 J Load Matrix 3 J

Copy o b atri A I Copy to Matnx B I

¥ Close

Questionll R-squared

Calculate R-squared (be sure to show your work).
Hint: R*= SS,/ SSm = [(Yhat - Ybar)' (Yhat - Ybar)]/ (SSesquatSSe) ; Refer to
Question 8 and 10 to get SS;and SSgya )

Answer:

BMAEA
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B, Results Window

: A EL Tranzposze Results Matrix ‘
Results Matrix: [1 by |1

Imwert RBesults b atris ‘

Type of Results:
|ScalarA,’ScaIarEﬂ

Results Matrix Eigenvalues ‘

0EgEs View Eigert/ALUES ‘

Create Diagonal 1/50 b atrix

R'SquarEd Calculate R 2 for D in First Column ‘

Save az Matrix 1 ‘ Load M atris 1 ‘

Save az Matriv 2 ‘ Load b atris 2 ‘

Save az Matrix 3 ‘ Load M atris 3 ‘

Copy to b atrix & | Copy to b atris B ‘

I Close ‘

Questionll F-statistic

What is the F-statistic?
(Hint: F-statistic= MS,,,/MS g, refer to results for Question 8 and 10)

Answer:

24, Results Window

=5 Sl BHER TS Transpose Results Matrix |
Results Matrix: 1 by |1
Invert Results batriz ]
Type of Results: Reszults Matrix Eigenvalues |
]SCaIarAx’ ScalarB

J3E70 Jiew Eigeri/ALLES |
Create Diagonal 1/50 b atrix |
F-statistic Calculate B2 for DY in First Columi |

Save as Matrix 1 ] Load Matix 1 ]

Save as Matrix 2 ] Load M atix 2 ]

Save az Matriz 3 ] Load stz 2 ]

Copy to batrix & ] Copy to b atrix B |

1. Close ‘
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Question13 Leverage Value

What isthe leverage value for Person_4?

(Hint: Leverage value = x(x'x)™x’; be sureto insert initial column 1 in Matrix A box
when calculating leverage values.)

Answer:

B-'“‘.e, Resulis Window

BMAEA

22

# Rows # Columnz
Results Matrix: |10 by |10

Type of Results:

|rv1atrix A% Matrix B

0.2214 01157 -0.0260 00226 01670 0
0.1157 0.4052 0.0295 01078 00567 0.
00860 00295 0.4820 0.1078 00643 0
00226 01078 01078 08341 02291 0
01670 0057  0.0643 nzzmk 0z 0
0.0794 0.0186 0.3016 01978| 00214 0.
0.0850 0.3744 0.0165 0.0763 0.0927 0
0.3157 00492 01972 00335 02426 0
0.0421 00893 02799 0.1263 0.0492 0
0.0754 0.2463 0.1308 00119 00476 0

Leverage Value for

2 Person 4 5

Tranzpoze Results b atrix |

[Fvert Resultz b atrix |

Fezultz Matrix Eigenvalues |

v EToBr R LIES |

Create Diagonal 1/500 b atrix |

Calculate B2 for D% in First Column |

Save az Matrix 1 | Load kd atrix 1 |
Save az Matnix 2 | Load katrix 2 |
Save az Matnix 3 | Load katrix 3 |

Copy to b atrix b | Copy to Matrix B |

£l Close ‘
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Question14 Deviation Score

BMAEA

What is the deviation score (X-Xbar) for Person_4 on dependent variable X1?

Answer:

4, BMA: Basic Matrix Algebra

File Function Manage Help

# Rows # Calumns

Matrix A: |1 I} by |3 Set Dimensions

Fegister Cell Yalues in b atriz & ‘

# Rows # Calumns

Matrix B: |1 I} by |3 Set Dimensions

Register Cell Yalues in katriz B |

Transpose Matriz & | Insert Initial Column of 1's |

Determinant of Matrix &

Irveert b atrix & |

Open Results
Find Eigenvalues of & |

59.0000 320000 737000 | 32,5000

170000 750000 |50.0000 45000 737000 | 335000

160000 820000 | 33.0000 ~faso0  7azooo 33000

250000 600000 | 25.0000 45000 737000 335000

150000 (550000 |30.0000 46000 (727000 33,5000

D000 67.0000 | 29.0000 45000 737000 335000

200000 710000 |43.0000 45000 737000 | 33.5000

00D 650000 | 21.0000 145000 737000 | 33.5000

120000 @00000 | 24.0000 A/B 45000 737000 | 335000

160000 77.0000 42,0000 = | 45000 737000 335000 Calculate
ClearB Mea‘:‘s of

Matrix X

Transpose Matriz B | Create hatix of & Means

Determinart of Matrix B

Ireeert Matrix B |

Find Eigenvalues of B |

%, Results Window

w2 Sl SREIL L Transpose Results Matrix ‘
Results Matrix: [10 by 3
It Results Matris ‘
T}'pe of Results: Results Matrix Eigenvalues ‘
|Matri>< A% Matrix B
-3.6000 -4.7000 -1.5000 ‘
2.4000 1.3000 16.5000 Create Diagonal 1/50 Matrix ‘
1.4000 14.3000 -0.5000
Calculate B2 for DM in First Column ‘
10,4000 {-13.7000 -8.5000
ns000 -3.5000
Save az Matrix 1 | Load Matrix 1 |
-6.6000 13.3000
54000 27000 15,5000 Deviation Save az Matrl:-:2| Load Matrix 2 |
-8.E000 -8.7000 12,5000 SCOrE fﬂr Save az Matrix 3 | Laoad Matrix 3 |
-2 BO00 3000 -8.5000 Person 4 on
1.4000 3.3000 45000 Vari able x1 Copy to Matriz A ‘ Copy ta Matris B ‘
¥ Close ‘
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Questionl15 Z-scores

What is the z-score for Person_4 on dependent variable Y ?

Hint: Z = (Y- Ybar)/SD,, Get variance of variable Y first (Y - Ybar)' (Y-Ybar)/(N-1).

Answer:

. BMA: Basic Matrix hlgebra

File Function Manage Help

# Rows # Columnz

Matrix A: n by 10 Set Dimenzions

Register Cell Values in Matrix & |

Matrix B: [10

# Rows # Calumns

by |1 Set Dimensions

Register Cell Values in Matriz B |

132000 -11.8000

-6.9000 -sl

F 3

(Y - Ybar)’

A+B

A-B

A*B
I

Transpose Matrix & | Inzert Initial Colurmn of 1's |

Dreterminant of Matriz &

It b atrin & |

Find Eigenvalues of & |

A/B

Clear A
ClearB

Open Results

-0.8000
13,2000
-11.8000
-6.8000
-8.8000
23,2000
-21.8000
3.2000
19.2000

Deviation Score for
Person 4

/

(Y- Ybar)

Transpoze Matrix B | Create atrix of A Means |

Dieteminant of b atrix B

Invvert Matriz B | Find Eigenvalues of B |

. Results Window

# Rows

# Columns

Results Matrix: |1 by |1

Type of Resulls:

|ScalarAx‘ Scalar B

21195586

Variance for
Variable Y

Transpoze Results batriz |

Invert Results b atris |

Rezultz Matrix Eigenvalues |

Create Diagonal 1/5D b atrix |

Calculate B2 for DY in First Column |

Save as Matrix 1 | Load b atrix 1 |

Save as Matrix 2 | Load b atriz 2 |

Save as Matrix 3 | Load b atris 3 |

Copy to M atrix A | Copy to Matrix B |

. Close |

SD = Square Root of Variance = 14.587. Z = (-11.8)/14.587 = - 0.8105.

BMAEA
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Question 16 Variances

What are the variances for Y, X1, X2 and X3 respectively?
Hint: Create variance-covariance matrix for Y, X1, X2 and X3.

Answer:
Stepl: Create aMatrix (A) for Y, X1, X2 and X3;

Step2: Calculate means for the four variables;

. BMA: Basic Matrix Algebra

File Function Manage Help

# Rows # Calurntz # Hows # Calurnng
Matrix A: 10 by 4 Set Dimensions Matrix B: (10 by 4 Set Dimensions
Fegister Cell Values in b atiz & | Register Cell Values in b atris B ‘

F30000 110000 69.0000 F126000  73fO00 335000
710000 170000 70000 500000 A+B [z 1es0 im0 33som
bsooo0 160000 esoooo  aaoooo | Calculate 71000 146000 737000 335000

50,0000 25.0000 E0.0000 25.0000 (A-Abar) A— B 71.8000 14.6000 73,7000 33.5000

£6.0000 16.0000 E5.0000 30.0000 71.8000 14.6000 73,7000 33.5000
53,0000 8.0000 &7.0000 23.0000 At B 71.8000 14,6000 737000 335000
195, 0000 20.0000 71.0000 43.0000 71.8000 14.6000 73,7000 33.5000
R0.0000 E.0000 E5.0000 21.0000 la— A 71.8000 14,6000 737000 236000 44— Abar
75,0000 12.0000 80.0000 24.0000 NB 71.8000 14.6000 73,7000 33.5000
31.0000 16.0000 #7.0000 42.0000 Clear A | 71.8000 14.6000 73,7000 33.5000
Y X1 X2 X3 cears || YPar Xibar X2bar X3bar

Calculate Means

Transpoge Matriz & | Ingert Initial Column of 1's | Tranzpose M atriz B Create b atrix of & Means

Determinant of Matrx A Deterrninant of Matriz B

Open Results
Ivert Matriz & | Find Eigenvalues of & | Irvert Matriz B ‘

Find Eigervalues of B |

Step3: Calculate (A - Abar)'(A - Abar);

%% BMA: Basic Matrix Alpebra

File Function Manage Help

# Rows # Colurnns # Rows H# Calumns
Matrix A: |4 by |1 Set Dimensions Matrix B: |10 by |4 Set Dimensions
|= Register Cell % alues in Matnx & Register Cell Yalues in Matiz B |
08000 132000 118000 68000 |9 m 3E000 47000 |-1.5000
-3.6000 2.4000 1.4000 10,4000 0.4000 H A+ B -0.8000 2.4000 1.3000 16.5000
-4.7000 1.3000 14.3000 -13.7000 -8.7000 11T 3.z000 1.4000 14.3000 -0.5000
-1.5000 16.5000 -0.5000 -8.5000 -3.5000 -4 A—B -11.8000 10,4000 -13.7000 -8.5000

-6.8000 0.4000 -8.7000 -3.5000
AtB -8.8000 R} 133000 -4 6000

(A - Abar)' [ 23.2000 5.4000 -2.7000 15.5000
23

A FB -21.8000 -8.6000 -8.7000 -12.5000

3.2000 -2.6000 E.3000 -8.5000

AR | 15.2000 1.4000 3.3000 8.5000

ClearB
(A - Abar)
£ >
Transpose Matrix A ‘ Insert Initial Colunn of 1's | Transpose Matrix B ‘ Create Matiix of & Means |

Deterrninant of b atriz A Deterrninant of atriy B

Open Results
Irvwert b atrix & ‘ Find Eigenvalues of & | Irvvert b atriz B ‘

Find Eigenvalues of B |
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BMAEA

Stepd: Use (A - Abar)'(A - Abar)/ (N-1) to calculate variance;

W, BMa: Basic Matrix Aloebra

File Function Manage Help

# Rows # Calumng
Matrix A: 14 by |4 Set Dimensions
Register Cell Values it b atrix & J
122000 5434000 9220000
122000 2844000 | -1452000 | 212.0000 A+ B
£43.4000 1452000 8021000  143.5000
9220000 2120000 1425000 | 938.5000 A— B
*
(A - Aban)'(A - Abar) A'B
[

Tranzpoze M atrix & | Inzert Initial Column of 1's |

Determinant of Matrix & ‘ |

Irvvert b atrise & ‘ Find Eigervalues of & ‘

Clear &
ClearB

Open Results

# Rows # Colurnns

by |1 Set Dimensions

Register Cell Values in Matrix B |

Matrix B: |1

Tranzpoze Matrix B ‘ Create Matrix of & Means I

Dieterminant of Matrixz B ‘ |

Irvert M atriv B ‘ Find Eigervalues of B I

., Results Window

# Rows

Type of Results:

# Calurmns

Results Matrix: |4 by |+

Tranzpose Results Matrix ‘
Irrvert Results b atris ‘
Fiezults Matniz Eigenvaluss ‘

]MatrifoScalarEl
34.6889 E0.3778 102 4444
34.6889 31.6000 16,1333 23.5066
B0.3778 16,1333 891222 15.9444
102.4444 '23.5558 '15.9444 104.2778
Variance
Y Variance

X1 variance

X3

X2 Variance

|

Create Diagonal 1/50 Matriz ‘

Calculate B2 for D% in First Colurnn ‘

Save az Matrix 1 ‘ Load katrix 1 I

Save az Matris 2 ‘ Load katris 2 I

Save az batriv 3 ‘ Load katrix 3 I

Copy to M atrix B ‘

¥ Close ‘
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Question 17 Zero-order Correlation

BMAEA

What is the zero-order correlation between variable X2 and variable Y ? What is the

correlation between predictor variable X1 and predictor variable X 3?

(Hint: zero-order correlation = 1/SD * Variance * 1/SD; refer back to the results for

Question 16)

Answer:

Stepl: Once you obtain the variance matrix, click on

Create Diagonal 150 batrix lﬁl

calculate 1/SD (you can use the Inverse function to get SD);

q‘*'!e. Results YWindow

27

# Rows # Columnz

Results Matrix: |4 by |4

Type of Results:

]MatrixA,-" Scalar B

36389 G037FE 1024444
ueeasd meom  aeiam s calculate

sD

G0.3778 161333 4 BI222 15.3444
1024444| 235556 | 15.9444 104. 2778

Variance
Y Variance

X1 wvariance

X2 Variance
X3

Tranzpoze Resultz b atrix

[Fevert Resuls b atris

Resultz M atri= Eigenvalues

Create Diagonal 150 Matrix

Calculate B2 for D% in Firgt Colume

Save az Matrix 1 Load b atris 1

Save az Matrix 2 Load k atrix 2

Save az Matrix 3 Load kd atrix 3
Copy ta Matrix B |
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a-':"'fu_ Results Window EHEI]EJ

# Flows # Columns

Results Matrix: |+ by 4

Tranzpoze Besultz Matrix |

Inwert Results batnis |

Type of Results: Rezults Matrix Eigenvalues |
|1,“SC!F%T(DiagDnal) on Diagonal

0.0000 0.0000 0.0000 |

01773 0.0000 0.0000 E‘___mr‘Eleate Diagonal 1450 batrix I
0.0000 01088 0.0000

gy
Calculate B2 for DV in First Column |

0.0000 0.0000 0.03-s3

Save az Matrix 1 | Load b atrix 1 ‘
1ISD Save az Matrix 2 | Load M atix 2 ‘
Save az Matriy 3 | Load b atris 3 ‘

Copy to b atris & ‘ Copy o M atris B |

I Close ‘

Step2: Capitalize the temporary save mode to calculate Correlation Matrix (1/SD *
Variance* 1/SD)

5. Results Window

5 AR Lok Transpoze Results b atris |
Results Matrix: [+ by |4
Invert Results batrix |
T}'pe of Results: Results b atrix Eigenvalues |
|Matrix A% hatrix B
04233 04393 06891 v |
1.4233 1.0000 0.3040 0.4103 X1 Create Diagonal 1/50 b atrix |
0.4393 -0.3040 1.0000 01654 W2 o
Calculate B2 for D% in First Columni |
06891 & 04103 01654 1.0000 %3
x
Y X1 X2 X3 Save az Matrix 1 | Load Matrix 1 ‘
Capitalize the — Save ag Matnz 2 | Load b atrix 2 ‘
Correlation use of the Save as Matri:-:3| Laad b atrix 3 ‘
between Y temporary
and X2 save mode Copytobatin | i
Correlation between
X1 and X3 L Close ‘
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Question 18 Standardized Regression Coefficients

What is the standardized regression coefficient for predictor variable X3?
Hint: Standardized regression coefficient = (correlation matrix for predictors)
xcorrelation matrix for Y and predictors; refer to results for Question17 to get
correlation matrix for predictors and that for Y and predictors.

Answer:

Stepl: Enter Correlation Matrix for Predictors (Rxx) and Correlations between Y and
Predictors (Rxy) respectively;

. BMA: Basic Matnix Algebra

File Function Manage Help

# Rows # Columnz # Rows # Columnz
Matrix A: I3 by |3 Set Dimensions Matrix B: |3 by |'| Set Dimenzions
Register Cell W aluez in katix & | Register Cell Waluesz in katnx B |
1.0000 -0.3040 0.4103 X1 0.4233 X1
-0.3040 1.0000 01654 X2 A+ B 0.4393 X2
0.4103 0.1654 1.0000 X3 X3
X1 X2 T X3 A-B | v
*
Correlation Matrix A'B Correlation
for Predictors between Y and
A/B || Predictors
Clear &
Invert Matrix A ClearB
Trangpogze bajris & | Ingert [ritial Column of 1'%z | Trangpoge Matrix B | Create Matrix of A Means |
Determinant of b atris & | |Determinant of & =1.4312 Determinant of katrix B | |
Open Resultz
InvertMalrl Fird Eigenvalues of & | Itvvert Matrix B | Find Eigenwalues of B |
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Step2: Calcualte the inverse of Predictor Correlation Matrix (Rxx)™;

BMAEA

i, BMA; Basic Matrix Algebra

File Function Manage Help
# Rows # Columns # Rows # Columis
Matrix A: 13 by 13 Set Dimensions Matrix B: 13 by 11 Set Dimensions
Reqister Cell Values in Matrix & ‘ Register Cell Values in Matrix B ‘
4504 0.5545 -0.6868 X1 0.4233 X1
5545 1.24m -0.4326 X2 A+ B 0.4393 X2
W -0.4326 1.3534 X3 X3
X1 X2 X3 AB| v T
*
L S ¢orreation
Inverse of
; between Y and
Fredicear A/B || Predictors
Correlation Matrix
Clear A
ClearB
Tranzpose Matrix & ‘ Insert Initial Colurnn of 1's ‘ Transpose Matriz B ‘ Create Matrix of & Means ‘
Dreterminant of Matriz & Determinant of b atrix B
Open Results
| Irvert b atriz & Find Eigenvalues of A ‘ Irveert b atiix B ‘ Find Eigenvalues of B ‘

Step3: Calculate B = (Rxx) ™ (Rxy)

51, Results Window

st SRR sl Transpose Results Matriz ‘
Results Matrix: |3 by |1
Irvert Results b atrix ‘
Type of Results: Results Matriv Eigervalues ‘
]MatrixA*\fectDr B
3851 View EigervALUES ‘
4817 Create Diagonal 1/50 Matrix ‘
04514
Calculate R2 for DV in First Column ‘
Save az Matrix 1 | Load katrix 1 |
Stardardl_ZEd Save az Matrix 2 | Load b atrix 2 |
Regression
CUEfﬁCientS Save az Matrix 3 | Load katrix 3 |
Copy to b atrix & ‘ Copy to Matrix B ‘
{1 Close ‘
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Question 19 Intercept

What is the intercept for the regression model using standardized regression coefficients?
(Hint: Be careful!)

Answer: 0.



