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Calculation of Multiple
Regression with Three
Independent Variables Using a
Programable Pocket
Calculator

By:: Paul D. Evenson
Assoc. Professor
Plant Science and Statistics

Multiple regression is used to de-
velop equations that describe relation-
ships among several variables.

This paper describes a multiple re-
gression program for an equation with
one dependent and three independent
variables, which was written for a
Hewlett-Packard 97 programable "pocket"
calculator.

Once each variable is entered, the
program calculates sums, sums of squares,
sums of cross-products and means of all
variables, as well as the number of

entries. It also computes the deter-

minant of the matrix, elements of the
inverted matrix, and regression coeffi-
The intercept is calculated

after means of all variables are re-

cients.

entered, and a predicted value for the
dependent variable can be determined for
any set of independent variables.

The multiple regression equation
with three independent variables has

the form Y = a + blxl + b2X2 + b3X3

where a is the intercept; bl, b2, and
b., are regression coefficients; Y is

3

the dependent variable; and Xl, X,, and

2)
X3 are independent variables.

Calculation of Regression Coefficients

The normal equations for this multiple regression are:

1 17272
x2 : lex2b1 + Zx§b2 +
x3 : 2x1x3b1 + Zx2x3b2

X, @ inbl + IX.X.b, + lex3b3 = 2x1y

Zx2x3b3 = Zx2y

+ Zx?b3 = ZxBy



where

2
Zx.2 ZX.2 - iEELl_
i i n

zx_y )_:X.Y - M
1 1 n

Ix.x, = IX. X, - iEéil&EEil
i™J i n
n = number of entries

The following matrices are used to solve this set of equations.

B% 7 3. o~
Exl lex2 lex3 b1 ley
- 2 - -
A = Zx1x2 Zx2 2x2x3 , B = b2 , and C = 2x2y
2

Lfx1x3 2x2x3 2x3 b3 ZxBy

where
A-B=¢C

To solve for B, multiply both sides of the equation by the inverse

of A, A™L

A—l

.A+B=¢C. AL
Since A™L - A = I, the identity matrix, then

I-B=¢C.-A1 or B=¢c. a1

P m n [~ 7]
817 215 23 EX; Py

_1 . = - -
A C a21 a22 a23 Zx2y =B b2
a31 a32 aB%J 2x3y b3

where aij's are elements of A'l.

|A| is the determinant of A and is used in calculating A-1l-

Calculation of the Intercept

The intercept a = y - blx1 - b2x2 - b3x3

where
7-2aazx -2
n 1 n



USCL 11191 UCUIVIES

Multiple Regression (Card 1)

A& C
Matrices

|A]

STEP INSTRUCTIONS DA;‘NATJ,;ITS KEYS ofrlf/s:lTTs
1. | Enter card 1 L 10 ]
2.1 Do 3 ~ 6 for each entry [0 ]
3. | Enter X, X N R
4. Enter Xo X5 L+ 70 ] X5
5. | Enter X, X3 LA 0] X3
6. | Enter Y and compute sums, sum of squares, and Y [A ][] ] Y
sum of cross-products [ ] [:l
7. Calculate statistics for A & C matrices [ é;] :] IX7 O
L0 ] [=xe1
[ 1] |=x32
[ ] 1 |[=x 3
N T e >
[ 1) |=X55
L0 ) X5
(I I I B G
11 |--_8
[ JC 1 | n09
CIC 1 [ &
L1 1 |% B
[ T[] |x, ¢
[ J[ ] |¥3 D
[ JL 1 |Y E
N
L 10 1 [=x% o0
[ I ] [Xg%5 1
I ] |y 2
[ 10 ] |=X3 3
[T ] =Xy 4
[ 10 ] =Xy 5
I I O I
I
N e -
LI [ —- 9
N
L 10 1 [¥x B
[ 1] [% C
LI [x3 D
[ I ] |y E
(continued) - I




continued

INPUT
DATA/UNITS

OUTPUT

STEP INSTRUCTIONS DATA/UNITS

Ix1%x» O

ExlX3

X1y

LXoX7

TXoy

Zx;_y

IxZ

ng

X%

Zyz

I

HiE|O|[Qlm | O] ®[~J0N [V |-

1
1
HiH|OQ @[ |OW|e |I[O|WN|H |W[NM|H[O

8. | Calculate determinant |A]|

OHCRDHOD000CO00000000o00000000000000Y
I




User Instructions

A bl’b2’b3 Multiple Regression Z’
Card (2)

STEP INSTRUCTIONS DATAUNITS KEYS DATAIUNITS
9. | Enter Card 2 [:] [ ]
10. | Calculate elements of A-1 L] laq O
[ 101 [ajp 2
[ 11 |=213 2
[ JC ] |aa1 3
L 00 1 [ap 4
l:] ‘:l asy 5
L JL_1 |am 6
LI 1 laz 7
L 00 ] Jazs 8
I P
N N I P
[ 3 ] [x B
L JC 7 [x ¢
[ 1] [x; D
[ JC 1 |¥ E
C1C 0 [la] 1
11. | Calculate regression coefficients and store (B JL ] |- T
in Ry', Ry', and R,', respectively. 101 |vs 2
[ JC 1 [ X
LI 1 fpp X
12. | Re-enter x3y x] [f ] X1
13. | Re-enter Xxo X, R/ST[ ] Xp
14. Re-enter ;c'q ;’; EEZ—E [:] ;’4
15. Re-enter § § :] ;
16. | Calculate intercept [T ][> ] a
17. | calculate Y 1]
Enter Xy Xy [ ]
Enter X, X5 [ ]
Enter X, X4 [ ] Y




O 00 3 00 W

Enter Card I

94 D
2D
.58 C
23 D
3D
48 T
28 (O
26 QO

R H w e

Example

Entry # X1 X2 X3 Y
1 .9% 4.22 1.58 8.23
2 .13 3.48 1.28 8.26
3 .61 2.20 0.64 9.33
4 .17 2.20 0.08 8.92
5 .93 2.25 0.38 8.89
6 .94 2.45 1.45 8. 34
7 12 2.62 2.31 8.51
8 .03 2.97 3.60 9.15
9 .67 2.90 2.59 9.40
10 .78 2.64 1.62 9.01
11 .10 2.64 3.16 8.77
12 .78 2.39 10.23 8.11
13 <S4 2.76 0.76 8.00
14 77 2.23 1.42 8.68
15 .22 3.35 1.86 8.11

Operation

Output

o H w KK o N~ O O

.00 *x%
.94 Ent ¢4
.22 Ent +
.58 Ent +
.23 GSBA
.13 Ent ¢+
.48 Ent ¢
.28 Ent ¢+
.26 GSBA



57.
58.
59.
60.
61.

2.22 D
3.35 CD)
1.86 C)
8.11 C&)

2
3
1
8
Xy 19.
X, 41,
):X3 22
Y 129.
£x% 29.
X3 118.
IX3 50.
£Y2 1124,
0
n 15
0
used 2
used 3
used 1
used 8
0
EX1X2 54.
):XIX3 29.
XXlY 168
ZX2X3 66.
IX,Y 355
ZX3Y 200.
0
0
0
0
0
used 2
used 3
used 1
used 8
0

.22
.35
.86
A1

73
30

.96

71
95
22
52
65

.00
.00
.00
.22
.35
.86
11
.00

07
88

.21

03

72

34

.00
.00
.00
.00
.00
.22
.35
.86
A1
.00

Ent ¢+
Ent +
Ent +
GSBA
GSBB

H H O O W k= O 8 3 00 »t & W N H O

H BH O O W P W 60 3 00 0t ~ W D HF O



Y

used
used
used

used

<SoROME R
NN

o]

used
used
used

used

4.51
15.
.00
.00
.22
.35
.86
.11
.00

O 8 F w N O w

19.

41.

22.
129.
.32
.75
.53
.65
.00
15.
.00
.22
.35
.86
A1
.00

o ® K N K

O o FH W N O

244 .

.25
.32
.40
.82
42
1.80

37

H O O Wk O 0B 30 WO

73
30
96
71

00

H BH O O W > 0 8 3 00 v~ WD O

GSBC
83 *%¥



63. Enter Card 2

4. C

a. . of A—1 0.
11 A
a of A
12 1
214 of A™~ 2.890104573-
a.. of A-l 0.
21 &t &
a of A 0.
22 O &
a of A -0.
23 1
331 of A~ 2.890104573-
a, . of At -0.
a33 of A
n 15
0
used 2
used 3
used 1
used 8
|A| 244
65.
used -0
b3 0]
b2 -0
bl -0
66. 1.322 DO - X 1
67. 2.75 @D %, 2
68. 1.53 % 1
69. 8.65 ¥ 8
0. @D D
a 10.
71. 1.00 (D) X, 1
72. 3.00 G X, 3
73. 1.50 O X, 1
Y 8

0.

0.
.00
.00
.22
.35
.86
A1

25
0l
03
0l
25
05
03
05
07

83

.01
.19
47
.62

.32
.75
.53
.65

46

.00
.00
.50
72

GSBA

H EH O O ke O 68 T 00w O

GSBB

N KN

GSBa
R/S
R/S
R/S
GSBb
x%%
Ent 4
Ent 4

GSBe
¥ %%

Therefore, Y = 10.46 - 0.62 X, - 0.47 X, + 0.19 X,
=1.50; ¥ = 8.72

When Xl = 1.00, X2 = 3.00, and X3




Card

.94
4.22
1.58
8.23
1.13
3.48&
1.28
8.26

-~

2
.64
.33
A7
.28
.a8
a2

LRy

T sa gy

2]

-

.83
25
.38
.88
84
45
45
. 34
.12
62
.31
51
a3

?

(R}
.

.60
15
.67

198

WO ) P e 0D P P ) ON e B e O
. . -

Wy M
. =
wn
‘o

1

ENT?
ENT?
ENT?
6SBa
ENTt
ENTT
ENT?
6SBA
ENT?
ENT?
ENT?
GSEA
ENTT
ENT?
ENT?
6SEA
ENTT
ENT?
ENT?
6SBA
ENT?T
ENTt
ENTt
6SBA
ENT?
ENTt
ENTT
ESBA
ENTt
ENTt
ENT?
ESBA
ENT?*
ENTt
ENT?
65BA
ENT?
ENT?
ENTt
6SBe
ENTt
ENT?
ENTt
ESBA
ENT?
ENT?
ENT?
6SBA
ENT?
ENT?
ENTt
6SBA
ENT?

12

Example

2.23 ENTt
i.42 ENT?
8.68 65Bn
2.22 ENT?
3.35 ENT?
1.86 ENTt
8.11 €5BA

6SBB

19.73
41.38
22.96
129.71
29.95
118.22
58.52
1124.65
6.66
15.60
6.68
2.22
3.35
1.86
8.11
6.68

MO ODD WD NN A RN -D

54.87
29.88
168.21
66. 63
355.72
268. 34
0.66
.66
6. 66
6.60
.68
2.22
3.35
1.86
8.11
8.66

— M OO DI WU A WA~ D

129.71
1.32
2.79
1.53
8.65
6.60

15.66
.66
2.22
3.35
1.86
8.11
6.60

244.83

MO OMI OO N ANA W=D

—MOODMT OD YU A GWR —D

6SBC
xK¥

Card 2

6.25

g.a1
2.896104573-82
6.61

8.25

-6.85
2.896184573-63
-6.85
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tn g on My

65BA
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ge.
ae:
ees
ae4
eec
eec
aar
eas
eae
a1e
a1l
e12
813
614
613
e1¢
e1v
ale
a:s
aze
6z:
822
623
az4
82s
826
ezv
828
629
63e
62!
asz
es3
634
835
a3¢
837
838
83s
e4a
641
642
643
@44
645
846
847
848
@42
ase
651
852
652
€34
855
a56
857
as8
as9
a6@

¥LeL4
RCL?
RCLE

RCL3
X2

RCLI

=5
sT08
P2s
RCLE
RCLE

RCL1

RCL
¥

RCLI

P28
CHS
sT01
25
RCLO
RCLZ

RCL1
RCLY

RCLI

<5
sTa2
24
RCLE
RCLE

RCL3
RCL1

RCLI

)
CHS
sT03
)
RCL6
RCLE

RCL1
X2

RCLI
b
ST04

2i 11
36 67
36 68
=35
36 83
33
=45
36 46
-24
16-51
35 ae
16-51
36 68
36 a8
=35
36 61
36 63
=35
-43
36 46
=24
16-51
=22
35 61
16-31
3¢ ee
36 83
=35
36 81
36 67

16-31
35 64

Program -Card 2

1))
862
867
864
665
aéé
867
066
@69
aze
a1
672
873
874
a7s
ervé
arv
ezt
678
ese
681
ag2
a83
@84
685
686
ae?
688
ees
696
891
esz
a8z
as4
695
896
897
89¢
e9e
168
161
182
183
le4
185
1e¢
167
1688
182
11e
11!
112
113
114
115
116
117
118
118
128

e§
RCLE
RCL3

X
RCL1
RCLE

¥

RCLI

=5
CHS
ST05
Pas
rCLE
RCL3
X
RCL?
RCLI
X

RCLI

P28
sT06
25
RCL6
RCLZ
.
RCLE
RCL1
X

RCLI

&5
CHE
sT0?
=5
RCL6
RCL7
X
RCLE
XE

RCLI

)
sT08
PREG

RTN

*LBLB
pes
RCL2
sT0C
RCL4
STOD
RCLS
STOE
5

16-51
36 86
36 83
=35
3¢ 81
36 @6
=35
-45
36 46
-24
16-351
-22
35 65
16-31
36 e
36 83
=35
36 67
36 a1
=35
-45
36 46
-24
16-51
35 86
16-51
36 66
36 83
=35
36 66
36 61
=35
-45
36 46
-24
16-51
~22
35 é7
16-51
36 66
36 87
-35
36 66
53
-45
36 46
-24
16-51
35 ee
16-13
24
21 12
16-51
36 6z
35 13
36 84
35 14
36 85
35 15
16-31

121
122
123
124
125
126
1z7
128
128
138
131
132
133
134
135
12¢
137
138
139
148
141
142
143
144
145
14¢
147
148
149
158
15
152
153
154
155
156
157
15¢
158
168
161
162
163
164
165
166
167
168
169
17a
171
172
173
174
175
176
177
178
179
188

RCLE
RCLC

X
RCL1
RCLD

X
RCL2
RCLE

x

+

+
=8
5108
p2s
RCL3
RCLC

RCL4
RCLD
b4

RCLS
RCLE

25
5701

P2s
RCL6
RCLC

RCL?
RCLD

RCL8
RCLE

o8
sT02
RCL1
RCLE
PRST

RTN
*LBla
8103
RS
ST04
94
ST0S
RS
STOé
RTN
*LELL
RCLO
RCL3

RCL1

21

21

36 68
36 13
=35
36 81
36 14
=35
36 82
36 15
=35
-39
=55
16-51
35 68
16-51
36 83
3€ 13
=35
36 84
36 14
=35
36 85
36 15
=35
=55
=55
16-51
35 a1
16-51
36 @6
36 13
=335
36 @7
36 14
=35
36 6.
3€ 15
=35
=35
=55
16-51
35 82
36 681
36 6@
16-14
24

16 11
35 63
31

35 64
51

35 85
51
35 66
24

16 12
36 6@
36 63
=35
=45
36 61
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18¢~
187
188
189
18
181
192
193
194
195
19¢
197
198
1984
260
281
2682
283
204
285
20¢
267
2at

RCL4

RCL2
RCLS

€107
PRTX
RTN
*LBLc
RCLZ

$T08
Ré
RCL1

ST+8
Ré
RCL8

§T+8
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PETX
RTN
R/S

i
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36 04«
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-3
-45 4
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24,
21 16 13
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_314
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