ACE?2013: Statisticsfor Marketing and Management (Semester 2)
Practical 1. Correlation and regression

What you need to do

Before starting theM ni t ab practical, it would be a good idea (if you've not already d@mg to
bookmark the webpage containing all of the information fem@ster 2 of ACE2013:

www. mas. ncl . ac. uk/ ~nl f 8/t eachi ng/ ace2013/

To add this page to your favourites, seléeivouri tes — Add t o Favourit es from the menu
bar at the top. You will now be able to get to this page easilgdlgctingFavouri t es and selecting
the page from the list.

In this practical you will be using/l ni t ab to perform correlation and regression analyses similar to
those shown in lectures over the past two weeks. You shoull thcoughall the questions given below,
although only the starred questions will be assessed.

Along with assessed work from the other practical sessisolsitions to the starred questions should
be typed up and submitted (with a cover sheet — see the cowissite) to the homework submission
postbox outside the Maths & Statistics General Office, orihird floor of the Herschel Building, by no
later thardpm, Monday 12th May 2014.

Log-in to a PC and opeM ni t ab by clicking onStart — All progranms — Stati sti cal
Software — M nitab 15 Statistical Software English. Now work through the fol-
lowing questions.

1. The following data comes from a recent British Gas invesiogathat examined factors which
influenced the length of time it takes customers to pay théitybills (see the British Gas website
for details about this investigation and a fully downloaléakeport). Shown below are the quarterly
gas bills for ten randomly selected British Gas customarsif pounds), and the corresponding
time it took these customers to pay their bills, (n days).

Customer| 1 2 3 4 5 6 7 8 9 10
X 400 105 205 150 460 250 315 420 100 300
Y 35 15 18 20 30 22 25 34 10 20

(a) Type these data into the first two columns of a bleghki t ab worksheet, making sure you
label your columns appropriately.

(b) Produce a scatterplot of these data by clickingG@maphs—Scat t er pl ot —Si npl e;
enter yourX vari abl es andY vari abl es, and then clickOK. How would you de-
scribe, in words, the relationship that you see? To inclhdein a Microsoft WORD docu-
ment, you would right—click on the graph and then cliaddoy gr aph; you can then paste
this into WORD directly from the clipboard.

(c) Compute thesamplecorrelation coefficient betweenX andY” by selectingSt at —Basi ¢
Statistics—Correl ati on, entering youVari abl es and clickingOK. Does this
match up with what you see in the your scatterplot producexin(b)?
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(d) Use theM ni t ab output from part (c) to perform a hypothesis test for plogpulationcor-
relation coefficienp. Clearly state your hypotheses, and usepthelue to

e state the strength of evidence agaifAst
e make your decision (reject/retaft);
e explain what this means in non-statistical terms.

(e) Now useM ni t ab to perform a simple linear regression analysis for thesa.d&elect
St at —Regr essi on—Regr essi on; enter yourResponse (Y) andPr edi ct or (X)
variables, and clicloK.

(i) Write down the full regression equation, including yostimate ofo, in the following
form:

Y = Bo—i‘ﬁle—i—E, ENN(O,O'z).

(i) Using theM ni t ab output, perform a hypothesis test for the slope tgim

(i) Interpret the valueR- Sq in yourM ni t ab output. Can you see how this is related to
the sample correlation coefficient obtained in part (c)?

() Re—produce the scatterplot from part (b) but now with #gression line superimposed. This
can be done by clicking ot at —~Regr essi on—Fitted |i ne pl ot ; entering your
Response andPr edi ct or variables; then clicking oK.

(g) British Gas apply a late payment fee to customers who takgdr than twenty five days to
pay their bill. Daniel Ballantyne’s bill this quarter £327. Can we expect Mr Ballantyne to
be subject to the British Gas late payment fee?

2. Holly Gale works as an advertising manager for a companyhumarkets do—it—yourself products
through a nationwide chain of retail outlets. The companyedises mainly on a local basis, via
newspapers, hoardings and the exterior of buses. Holly éas asked to assess the relationship
between the amount spent on advertising per quarter anathesponding level of sales achieved.

After giving it some thought, Holly realises that many fasteould influence sales: as well as
the amount spent on advertising, the number of householtheincatchment area of a particular
shop could affect sales; so too could the number of competitops within this catchment area;
even the weather in the region may have an impact on do—itsgtactivity! Clearly it is impos-
sible to include every variable which may show some relatgm with sales, so she decides as a
starting to point to include

1. Advertising expenditure
2. Number of households within a five mile radius
3. Number of competitor shops within a five mile radius
These data can be opened by clicking onDhe filename on the ACE2013 course website (in the

“Practicals” section). Open this datafile from the coursdsite, and then answer the following
guestions:

(a) Produce scatterplots of sales against each of the tarekdate predictor variables by click-
ingonGr aph—Scat t er pl ot —Si npl e; enterSal es againstAdverti si ng, Sal es
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(b)

(©)

(d)

(€)

(f)

againstHousehol ds and Sal es againstConpet i ng st ores; click on Mul ti pl e
gr aphs, and then seledtn separate panels of the sane graph; click OK,
and K again. Describe, in words, the relationship between saldstize three predictor
variables.

Obtain the sample correlation coefficients for saleb wéch of the three predictor variables.
Which predictor variable seems to show the strongest (ljressmociation with sales?

Now perform a multiple linear regression analysis orséhdata and obtain the estimated
multiple linear regression equation

Y = B+ BiXi+ B Xo+ B3X5 + €, €NN(0702);

whereY represents sales and;, X, and X3 represent advertising expenditure, number
of households and number of competitors (respectively).ddahis, click onSt at —
Regr essi on — Regr essi on, enter thdResponse variable ) and the thre®r edi ct or
variables X, X, and X3) and clickOK. Write down your full estimated multiple linear re-
gression equation.

Look at the output you obtained in part (c). You shouldicethat the coefficients for
Adverti si ng, Househol ds andConpet i ng st ores (51, 5. andj3;) havep—values
of 0.420, 0.308 and 0.092, respectively. Hence, sincer@kfir-values are greater than 0.05,
we would retain all three null hypotheses:

Hy : 01 =0,
HO : BQ =0 and
HO : 53 = 07

thoughg; is theleast significantcoefficient in the model since it has the highgsvalue.
Thus, you should now re—fit the multiple linear regressiordetaising the menu options
given in part (c), but exclude the advertising expenditueable.

Look at the output you obtained in part (d). Having rentbdverti si ng, you should
now notice that the—values for the coefficients éousehol ds andConpeti ng stores
are 0.175 and 0.088. Again, since both are greater thant@i®implies that bottousehol ds
andConpet i ng st or es couldbe removed from the model, since we would retain the null
hypotheses:

HO : 52:0 and
Hy : pB3=0

However, 3, is theleast significantcoefficient since it has the highgstvalue. Thus, you
should now re—fit the linear regression model but excludédthesehol ds variable.

Look at the output you obtained in part (e).
(i) Write down the estimated regression equation. Is thsgrlelinear regression model
or amultiplelinear regression model?

(i) You should see that the-value for the only remaining predictor variab{&fmpet i ng
st or es) is 0.000 to 3 decimal places. What does this imply?

(iii) Interpret theR? statistic.



*3. Noakes Service Corporatias trying to see how the number of shifts worked, bonus raséd fo
employees, average hours of overtime and staff moraletgdffeduction. They have collected the

data given in the fil&Noakes, available via the course website. Load up this worksheet tlaen
answer the following questions.

(a) Perform a multiple linear regression analysis on thesa a@nd copy—and—paste the resulting
M ni t ab output into your solutions.
(b) Look at the output in part (a). Write down the full estinchtegression equation in the form

Y = [o+B5iXi+ B Xo + B3 X3+ BaXy + €, €NN(0702)7

whereY represents production and,, X,, X3 and.X, represent the number of shifts, bonus
rates paid, average hours of overtime and staff moraleeotisply.

(c) It might be that not all four predictor variables are resagy in your model. Look at the
output in part (a) and, if there are any insignificant paramsein your model, remove the
variable associated with theast significanparameter and re—fit the model. Do this until all

remaining parameters are significant. Include, in yourtgms, theM ni t ab output for
the final model.

(d) Interpret theR? statistic.
(e) Perform an overall test for your final model using fhetest.

() Howard Enterprisesuns a similar company tbloakes Service Corporatio'What can we
expect production to be &toward Enterprised, this week, 6 shifts were worked, the bonus
rate was 22%, the average hours of overtime was 15 and stadfeneas rated as 97



