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Truly Independent Variables

by Rick Hesse, Feature Editor

T I The danger of having a package
with a multiple regression tool
is that it is so easy to use, but there

are hidden dangers aplenty. If the pack-
age used by the students doesn’t auto-
matically check for multicolinearity, the
results may be misleading. My first rule
of data that I give my MBA students is
“Look at the data!” and that includes
making sure that independent vari-
ables for a multiple regression are truly
independent. To this end I developed a
simple template that uses the RSQ func-
tion in Excel to test all the combinations
of a simple linear regression for each
pair of independent variables and the
dependent variable.

The Initial Analysis

A national company has data for the
sales ($000) for 14 cities across the
country, with the number of sales agents,
marketing budget, and number of stores
in their area given in Figure 1.

Inputs for the template are the la-
bels for the dependent variable (B17)
and up to 10 independent variables
(C17:L17), the values of up to 100 de-
pendent variables (B18:B117), and the
independent variables (C18:L117). The
equations for the white cells in the table
are illustrated by the formula in Bé.

B6: =IF($D$18="","", RSQ(B18:B117,
$D$18:$D$117)) copy to C7:D7

This formula checks to see if there
is any data for that variable. If not, the
cell remains empty. Otherwise the 12 is
computed using the RSQ(variablel,
variable2) function to determine the bi-
ased r? for a simple linear regression
(straight line fit minimizing squared
error) using the two variables at the in-
tersection. For cell B6, this would be
Sales(k) versus Stores(#). Note that the
shaded (blue) cell, B4, computes the

same value, because the table is sym-
metrical. The r? value is the same re-
gardless of whether Sales(k) is defined
as the dependent or independent vari-
able. The major diagonal is 100%, which
is the r? for a variable predicting itself—
which it does it perfectly every time.
Rows 8—14 have been hidden in this
case.

Figure 1 shows that the conditional
formatting rules for cell C7 turns the
value bold, red and with a strike-
through. This indicates that the row/
column variables are possibly not in-
dependent. The rule for the conditional
formatting is shown in Figure 2 and is
for all the non-colored cells below the
major diagonal. Note that cell E5 has
the same value as cell C7 but no extra
conditional formatting.

This rule turns on the formatting if
either r? for the dependent variable is
less than the r? of the two independent
variables. In this case, the r? for Sales
vs. Sales Agents is only 80.19% while
the r? for Sales Agents and Budget is
higher (85.25%). This means that Sales
Agents explains Budget better than
Sales (the dependent variable) and since
it is the weaker variable (80.19% versus
94.05%), it should be eliminated from
any multiple regression analysis.

Eliminating Colinearity

We must now eliminate any indepen-
dent variable that shows colinearity, or
dependence upon another independent
variable. For this example, we need to
delete the label and values for Sales
Agents (E17:E31), and our resulting
table has no more colinearity, as shown
in Figure 3.

These two variables are independent
in terms of each other and also due to the
fact that the number of stores and the
marketing budget are known or under
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A B | C | 5] | E control of the company. A point of dis-
1 r Table (Coefficient of Determination) cus§ion might be whether the weaker
- variable, number of stores, should be
2 Sales Forecasting included in a multiple regression analysis.
3 r? Sal es(lk) Budget($kl  # Stores Sales Agentd
4| Sdesty [ 100004 | O405% 1893% | 801% Second Example: Median
5 | Budget ($k) S 05 100.007% 427 B0 Z0% House Prices
6 [ # Stores 18.53% 4.27% 100.00% 2.34% I wanted personally to do some analy-
7 | Soles Agents | BOI9% 85-25% .34 100.007% sis of the median house price in my area,
15 Ventura, California. I used data pro-
16 ¥ x1 e x3 vided from UCSB’s Economic Forecast
17 Sdes(k)  Budget($Kl  # Stores Sales Agents Project 2005 Report (thanks to Dr. Bill
18 T2 Bl 718 e 4 Watkins, Director). I wanted to see if I
15 £4 047 $252 & 5 could forecast the Median House price
10 £1659 £55 4 2 ;n Ventura Countg, whi(ch ils };sit)uatej
etween Pepperdine (Malibu) an
3; ééj;g ii%i 15 _?. F_ICSB (Santa Bark.)ara). I chose possiblle
7 11593 £99 5 2 m;:lep(;r;/([i)ept ;/]ariablesc as \ieafl: Re.tall
sales in Ventura County, Tourism
2 55,965 $307 & 5 income ($M) from hotels, zi]nd GCP/
32 iféz ilff ; 21 capita ($k). The data and results are
g shown in Figure 3.
27 $1,580 75 3 1 Analysis using the R? template in-
28 b2a12 $120 4 z dicates that all four independent vari-
29 b2, 414 $150 3 3 ables that I chose are strongly related to
a0 $2,916 }225 2 4 each other. In fact, these variables pre-
31 £2 264 £.90 5 1 dict each other better than median

house price. If we use only the stron-
gest (Retail sales) variable, then we run
into another problem because only Year
is truly independent (can be known
with certainty or set to a value).
—————————————— —_— 5 The retail sales would have to
conditional”Formatting be forecast for 2005 (and all the

Figure 1: Initial ¥* analysis for sales(k).

Condition 1 other variables if they were in
el Yalue Is ﬂ ]gre ater Hhan j |=¢Bﬁ E the model) to be able to forecast
the median house price in
Prevview of Format to use AaBbCeYyZz M Ventura. Thus the search needs
when condition is krue: = . .
to continue for other variables
canditian = ;/vhlcht are trﬁ%ylmdepencknt ii
= want a multiple regression.
] —C44 =
j ]greater than ~j ! B I want a single variable regres-
Preview of Formak ko use , . sion model using years, then I
i #abBbCeYyis Format. ., I . . .
when condition is true: could fit a quadratic, cubic or
even an exponential curve, us-
@) Add >> I Delete... | ok 1 cancel | ing the coded year (1 = 1993) as
the independent variable.
Figure 2: Conditional formatting for lower part of r* table. Conclusion

The fact that all of these economic factors
are related to each other highlights the
difficulty of finding truly independent
variables that are independent of each
other and that are known or can be con-
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r Sales(kl  Budget ($k)
Sales(l) 10007 4054
Budget (k) 4054 1000
# Stores 18.95% 47

Figure 3: Colinearity removed from data.

A [ B ] C [ o | E | F

1] r* Table (Coefficient of Determination)

2 Sadles(k) Independent Variables
B me MedianPrice Year Retail ($44) Tourism ($MECP/ Cap ($K
[ 4| MedianPrice [ 100.00% T70E% .29% T130% 73T
[ 5] Year 0% 100,00%, ETlE EENA %.81%
[ & | Retal (B0 0. 2% o7 5 100, 00% LN 98.85%
7 | Tourism (fay | 7L3I0% o4 65 05 54% 100,08 Q60,494
6 | sPiCap ($k) [ 79.37% 06 81% 08.85% | 96.49% | 100.00%

15
16| ¥ %1 X2 %3 x4
ER hedian Price Year Retail ($M) Touriam (Hh) GCP/Cap (Fk)
EB §2110 1993 £39 1773 281
EEl f200.6 1994 $4.3 $89.7 {288
E £199.9 1995 fa4 $83.9 $299
El 2067 1996 f46 185.4 f311
2] £219.3 1997 £49 1995 $33.9
[ 23] $233.8 1998 t52 1012 1366
[ 24 ] t29.0 1999 f59 1147 1428
[ 25| £2951 2000 fas £126.4 §$47.0
E3 $322.6 2001 fag £125.5 $E0 2
? $372.4 2002 $7.2 £128.1 1625
EA T462.5 2003 £77 t1a321 $ERO
B 587 .8 2004 £a3 1389 LE7.4

Figure 4: Median house price data for Ventura County.

trolled (like a budget, or dosage of a
chemical, etc.). This template provides
a quick look at the data and I will leave
the choice of the forecasting model up
to each professor. I thought that show-
ing this simple template (available as
always through the DSI website) might
help your students to investigate inde-
pendence before they just shove all the
data into a computerized forecasting
model. B

Excel file discussed in article is available
from the Decision Line Web site at
www.decisionsciences.orgl/decisionline.

INNOVATION, from page 7

(in states as diverse as New York, Texas,
and Georgia) at which successful
implementation has already occurred,
have included vastly differing charac-
teristics: a private university in a rural
setting with a residential, traditional-
aged student body; a public university
in an urban setting with a largely com-
muter, non-traditional student body in
the business school; and a public uni-
versity in a rural setting with a majority
(~80 percent) of traditional students in
the undergraduate body, but with a sub-
stantial number of non-traditional stu-
dents at both levels.

Furthermore, the sizes of these institu-
tions varied from under 3,000 to over
10,000 students, while the character of
these institutions included those with
heavy engineering roots to one with very
traditional liberal-arts and teacher edu-
cation roots. Among the universities
were a national doctoral/research uni-
versity and two Masters I (comprehen-
sive) universities. This approach has
been used successfully in honors
courses and non-honors courses. So it
is fair to say that significant transfer-
ability has been demonstrated across
institutions, and indeed significantly

different types of institutions and set-
tings.

In each of these situations, course
objectives have been demonstrably met
for students and clients, non-majors
and undecided students have gained a
working knowledge of the “ways of
knowing” and the “ways of doing,”
and majors have experienced exciting
applications of the knowledge in their
field. ®
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