= What are they?
= When should | use them?
= How do Excel and GCs handle them?

» Why should | be careful with the Nulake
text?

Matt Regan (et al)
Department of Statistics
The University of Auckland

r — little r — what is it?

» r is the correlation coefficient between y
and x

» r measures the strength of a linear
relationship

= r is a multiple of the slope




r — when can it be used?

= Only use r if the scatter plot is linear

*

r=10.99

How close the points in the scatter plot
come to lying on the line

/




R? — big R? — what is it?

» R?2js the coefficient of determination

» Measures how close the points in the
scatter plot come to lying on the fitted
line or curve

= WWhen the scatter plot of y versus x is

linear or non-linear




Dotplot of the y's

Shows the
variation in the y’s

This amount of
variation can be
explained by the
model

We see some additional variation in the y’s.
The excess is not explained by the model.

R2 = Variation in fitted values— Variation in y's
Variation in y values Variation in y's




R?2 — what does it tell you?

= When expressed as a percentage, R? is
the percentage of the variation in Y that

our regression model can explain

» R?near 100% — model fits well

* R? near 0% — model doesn’t fit well

» 90% of the variation in Y is explained by

our regression model.
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s 2 — pearls of wisdom!

= R? and r 2 have the same value ONLY
when using a linear model

= DON'T use R? to pick your model

» Use your eyes!

weeeee: R @nd Excel & Graphics Calculators
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R?and Excsl & Graphics Calculators Graphics Calculators
Excel and two graphles calculators were uged on the follzwing data. Thelr printouts are Casio fx-3750G PLUS
e beiow.
g Exponential Regrasaion Lingar Ragraaalon
Data Sst V= aenx ny = 0x + Na
¥usiue  yhalue oo vake 5 a = 298404022 b = 030152902
: s b= 030152902 Na = 3.39536326
< r=0.92233291 r=10.92233291
2 = 0.B5162058 r¥= DLES16205E
: Powar Ragresaion Linear Ragragalon
= y=ax'b ry = binx + Ina
8 a = 16.070755 b= 154826975
‘5 b= 1.54326975 0197
1 r - 09033374238 r=0.20333742
" = 083671523 = DLESET 1523
Texas Instruments TI-83
Excel
Exponential Regression Lingar Regresslon
it ef Linear Ragrectian ¥ =abtx ny = na = (N
. 3= 29.54040235 na = 3.39586326
' T b - 1.351924358 nb - 02015
H " - S1E EaEs = 5162 £S5
- el = 0.B51620:5665 = DLES16205665
; :" r=0.8223329136 r=0.9223329136
" Powar Ragrassion Linear Ragragalon
mpeam asm y=axh ny = Ina + bin
3 s E] s " .
a = 16.07075801 na = 277700197
o= 1543269753 b = 1548269753
[V —— [T —— r - 0.8867102375 = DLEGET 152375
- " r=03933374238 r= 09933374236
m . 3
2 =z . — Mote:
& .
ij: == ‘:_- — 1. The rand r¥ values printed wizn the axponential and powar regressions for thase two
in - d 3 graphics calculators are wrong. Do not use them. The sample carrslatan cosfmalent,
iy = N znould only be used Wit linear rzlatisnships
- s 2. Tne given r¥ values pnted with the exponential and power refationships are not equa

o ihelr 77 valuss. (These r values have besn basad on and compused from me
Note: Inearyy transtormed data. Le., Inear relatonsnips.)
Trie rand r¥ values prinded win the linsar models are corrsct. In tn2se [InEar casas,

w

1. The R¥ values printed with the exponentlal and power plot curves for Excel are wrong

Do not 1se tham. tne given r? valies ane sgual to &7 values
2. Exesf has based He R? values for the Sxponantial and powsr plots on the Inzary
transformad data. For example, for the sxponeniial curve, ¥ = &, Excel compules K7 Use r.r%, and R walues from Excel and graphics caleulstors with caution!
=g Iny = Ina + b 12 15 wrang 1o do this. (Excers £ values for ihe Inear (semHog
and Iog-log) piots are comect ) References:

Sevat, AL and Wild, ©.0. (1991) *Transformaticns and #5°, The Amerkcan Statistician, 45, 127 —126,
Kvalseth, T.0. (1985) “Cautionary Note About £°°, The American Statisticlan, 39, 279— 285
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5.0 Statistical Investigation 51 Planning an Investigation

v
NCI_.A Achievement Standand E:% FPlanning an Investigation % ..............................................
Achivement =
. A The assessment for this | equires you to carmy
3 and & = OO s bi-variaie data . N ry -
* Select and analys= contimous bi-variale da autan investigaticn that invalves the use of
. Diata may be colleced by candidates or provided. It should be data far shich a linear modd is hiariate comfimsous data,
appropriate. Where the data 15 provided it will imolve mare than are pair of varisbles trom ed 1o use the technigues that ane
which the candidate selects a pair. analysa the dita and
* The analysls w | invenilve: oo fronm the resulks.
@ developing a purpase satement from the data selected You may be given data ar will need to fnd
. i appropeiale data that will anable you b identify and
Fraphing dats lermulate questions to help investiz ! s
% using regression to establish a linear relationship bebween a pair of variables between at loast 3 pairs of continuous variables
4 describing the relatiomship betwean at least one pair of variables in context. Thie are a larg, iber of owrces for bivariste
data e, Statistics NZ and the package PCTMFOS for -
. Schaals ko th et and sites such as UNICER
Mt fwwnnicef.org).
+ Carry out an in-depth analyrls af bi-variote data. ¥ou should spend a reasanable amount of fime
The analysis w sde some of the fellowing: stadying the data and identifying a purpess
. . . shasemend L& whal are you Fneasure or
4 comparing the relaticnship between mone than ane pair of variables e
d Li shaw.
4 disoussing the sppropristeness of the model Cnoe s puspase atement has been formlated thep ||
<+ imberpreting correlation oo s, 1, and coefficients af determination, B, when it i8 isngortant b identify e varishles within the
approgitiate data that wall enable you analyse it effectively and ta
N I . . - draw concusioms.
* makirg predictions from regression equations (interpalaticn and far extrapalation]
_ ) § 2 purprse statement and S ———
& useofresiduals vaiables within the data it
+ discussing the differeno: between correlation and causality when appropriste. your data callection or
saree and then explain haw you intend to display
[ — and analyse the data.
* Report on the walidity of the aralysis The next step is the analysts eolf. This should
. The repeat will include justified comments on some of the following: include the use of several moded fitting methods,
i identification of imnds, chasbirs, rufliens ebe, as well
L warthodis) of analysis as the ‘gocdness of fit” of each of your models arsd
i made Interpretation of correlation coefBients. This may
¥ mean makng predictions fram rgresaion equat
+ {interpalation and extrapolation), improvin
" tegression models e g, minimising the effect of
anrtliers, fitting piece-wise or nom-lmear models |
. Follpwing the analyss you will nead 1o draw
) comcssians, which could inchude pradictions that
+ data source ar data collectian method if the student collects own data can b mada from the analysis you bave sanduck=]
4 potential sources of bias 4 well as the connection between carrelation and
) . canszality ard dhen relate this bo your findings.
4 relevance and usefalness of evidenae ’ :
K i . vl part of ihe investigation should be the
#  how widely the Fndings can be spplied axitical evaluation. This sheald melude such fegns

a5 pecomumendations. limitations. oosshle
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224 ] ] . ] |atistical Investigation 227
| This straight line is called a

Jregression line and we are -

|required to calculate its Regressmn Lines by Inspection

</ This is best done with &

calculator or spreadsheYOU shquld _only attempt to estimate a
" programme on a comp(régression line .|f you do not have the
et o = technology available.

riables we refer bo this as bivarizie data blvariate

regression
correlation T ne & called u regression Fin
af the relationship between the data Cartesi | re req to calculate its. e
artesian done with a graphics calo
" ., % E ud anly atbempt to estimate a regresgien. |
: " adonot have the technology available. |
i " identify the soordinate pair o the median far
- s | —— e | | —
. 1 the points ko the left of this medim
- — wate the centre paint of these data
: i estimase the centre of the points o |~ S —
the rwl 1o gl el
T OO b o o0 O 0 0o = T The estimated regress e i o
= passes through the median peint ar
If the points on o scatter graph generally follow - - = —————— the line letween the two cen
alang a stralght lre we gy that there is a linear about half the data valies

relationship ar correlation. sidle.
- N : : = v [
. = .. Find the poing
P TS — o (e, ey
L S s T T e L S — oL I [ —
- P '
i E i.
. L =
- L] — -
N .- N F—— — S
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R — “— . Line from | =. ]
7 The Regression Line from | G T he Rtgmssto-rl ‘“:’m“m [E_ﬁ} Using a Scientific Calculator |

Non-linear Modelling Equations

It is possible to use your calculator to find other regression
equations other than a straight line. These non-linear S
models are also built into your calculator. If they result in a] <=
coefficient closer to 1 then they are more appropriate than |.........
the straight line regression equation. A b

B loczac3

Tir et yenar caboulaios 1o @ scatter goaph, ga ta 2nd, | The calculabar finds the best linear functian and the
ure Plof] |5 O and & a degree of fit ¢ (r shoul ¥ close to 1)

R d Y last L2 Linearfeg a = 103

b o=-1.444 B3 1

T =987 'll'l 27 r Constanes A f

Regression constants

First find and record 1, the deg,
data and ik

e of fit between the

1 ame related 1o the data by
Bx oA

Zoon|

Now select DRAW the I'I:kz\ and the

regrossion line & draw

23
573
would be entered as

The data should be displayed as = series of polr
¢ draws any lines at the same
va to go into the ¥ = men and delete

@ om the left gives

H has equatian
¥ o= LA - 144

atistics calculations Q& - |60| OT | et

ETAT| b CALC 4 [linKeglax + b1]

= 0.999 (to 3 ef)
A =581 (a3 s
B o= 0440 [

Mote: The DT button is also the M+ button. ting P and ¢ is

044 t+ 581
10 wark wi

Finding A, B and r

nitered th
red 1 the correl

A 2 af th values
ealy have ta do

A ESI A=
o gt Linfeg L1
ENTER this 10 2
coefficlent and then GRA

a graph paming as clase as mwlbﬂ‘h e
i retum you o the

Lator 1o fined other
v strmight line.
bruilt irvto your
Ngiznt cloger to 1
the straight

socessed wn:l
omstants are ac
from the 1.and 2

e equenian and. corralatian

should gl.l O P |

O the Blue and white Casla FX 82 M5 thens & no The FX &2 has linear,
ference to the correlation coefficient (f) or | power and .|Jadr.u.||
uts A and B

arithemic, exponentisl,
fing equations built-in
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5.4 Non-linear Regression Models
NCEA Achievement Standard

The United Mati
coumtries. Soun

forg.
nting Bolivia Cuba Dom. Rep. Egypt Fiji

An - Excellence
Incame (LIS $000) [ 5.3 J b5 [ 25 |25 | 14 | % . Repost on the walidity of the anatysis.
" P = r 70 . Tha report will include justified comments on some of the following
= T3 38 o T @ i ving regr on modals eg discussing the effect of outliers, fitting plecewise or
e . o | a8 = AT 1 madels.

Non-linear Regression Models
It is possible that the best model for some data is a non-
linear regression line (e.g. a curve) such as an exponential
| or power function. All the technology aids (calculator and
spreadsheets programmes) are able to model data with

| different models and by inspecting the correlation

| coefficient, the researcher should be able to determine the

13.a)

d)

2

b
b
: t model
+ DEeS odel.
B | B N
T statistics:
al S ]:xtrapohhun and
L_ Interpolation
In rogression yau can be required o extrapolate
g r= (find walues beyond the range of data you already
haved and interpolate (find data values between
" N . - || data values you already havel.
- Tessson equation is now 1 Find the best regression equation for your data and
o CLEES (1 w LA gt this to do your extrapalation and interpolation,
D not atbempt i predict valoes on the basis of the

scatter graph,

e e ietend srad Nupeh

5.4 Non-linear Regression Models — p241

THE UNIVERSITY OF AUCKLAND

DEPARTMENT OF STATISTICS

" The manufactured data on this scatter graph follows St imvestigation 21
acurve. If we had attempted to model this as a 5.4 Non-linear Regression Models
linear regression line we would get an acceptable Bt
correlation coefficient r =0.8810 (2 = 0.7761) but the O Theroort ol et s et o e o the i

ving regr
t madels.

o medals e discussing the effect af autliers, Ftting plecewise or

extreme values do not fit on the line.

S5 Non-linear Regression

on-linear asing T Models @ | New vocabulary used here
8 L -
New words should be identified and defined
100 | o7 power function, All the lechnolagy | (maybe sccent marked). Words mentioned bere
- ¢ and spreadshost programmes) are e
- vacel data with different models and by extrapolation and extrapelate
the correlation coelficient, the mesarcher in i [
. able to debermine the best madsl. erpolatian and interpolate
B hi nan-linear
The marufactured data on this scatter graph follows —
. acu ttemptod o model this as a [renamion
outliers

&0 extremne values do not fitan the
§ % .
3 - S I
] . ,

v e Y i

1 i
m -
\ . | |
+* s - m —
0 - L - S— -
° i ENY 50 100 cith an exporential
caloula i

poarly related?

Twao statistics:

+

- £
K
al S - X ]:xtrapohhun and
i L Interpolation
------ - In rogression yau can be required o extrapolate
P . o (find walues beyond the range of data you already
‘L havel and interpolate (find data values between
" o - data values you already havel.
- The regression equatic Find the best regresslon equation far your dsta and
o and ¢ = (LE99E {0 = umm @i this to do your extrapalation and interpolation,

Dra nod aktempt i predict values on the basis of the
scatter graph,

e e ietend srad Nupeh
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The manufactured data on this scatter graph follows
a curve. If we had attempted to model this as a
linear regression line we would get an acceptable
correlation coefficient r =0.8810 (r2 = 0.7761) but the
extreme values do not fit on the line.

If we had modelled the data with an exponential
function, the computer or calculator would have
fitted a growth curve to the data.

Exponential Regression ¥~ 152576

Mon-linear Regression ¥ = 1350 3947
R 0776 R 0557

Yovalue
E &8 5§ 8 &8 3 B ®

=

Kewalue

The regression equation is now y = 1.526e%%

and r = 0.8998 (1* = 0.8097). The correlation
coefficient has improved only slightly but our end
points are now on the regression line.

w 5.4 Non-linear Regression Models — p242
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Non-linear Regression
Models cont...

We should try other models watching both the :
correlation coefficient and the points particularly at | A quadratic model has a very good correlation

the extremes. coefficient for this data r = 0.9744 (12 = 0.9494) with
the equation y = 0.0278x? — 1.548x + 27.19.

Using the same manufactured data, a power
function model comes up with the equation

Quadratic Regression y = O - 15479 27067
:

y = 0.0053x**! and r = 0.8909 (r? = 0.7937) but the LR
last few points are a long way from the curve so this o
model would be poor for extrapolation.
Power Function Regression y = BOTERT 70
100 " :
3
- Fol |
* kil

0

0

Xevalan

It follows most points closely but this model has
%« w| | problems with the points x <40. You could fit
other polynomial models or a logarithmic model.
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=wmes [rondline using a Spreadsheet — page 337

336 Maodelling Modelling 337 1
7.7 Modelling using Spreadsheets Drav.mg Graphs and adding a Trendline using a Spreadsheet
NCEA Achievement Standard Frogramme |
Achlevement Dake sure yoo label the graph and e v 3 > thy
- Use & mathematical model involving carve fitting to solve 4 problem, - ! . ml}:l:—" haree the opdion Ur. ("M:"g the megression

i B e\ i, coelficient (measuse of fit) to the graph.
Mndel will Inwalva: e
ymAR" . ——
Taka will be prevvicled and the e of e model will be given I == 1
1
et ' | | e —
+ Ulse curve fitting to Gatermine an appropriate model and solve a practical problem. 2 dime -+ fa— "
I | [rorawe I e
Dlata will be raw genersted by a practical situation. = g — Famch F_H it
The ¢ Fmschiel will b eithees & powies fum ir i expenential Function of & phecewise L
functian involving a camibinaticn of both, and will require: @l [ () e L) =" Male ruze you add the
% selacting 2 model to test The resulting graph should be dlear and o gquation to the chart
 d orstrsting an app i graph apprapriately labeted.
4 determining the s of the madal, T —
Execallenea - : i Ihr restlting exqisation is the best fit for the
5 - . I an i iaf
+ Justify the choien of mathemagical model o solve a peoblam M ' | J ched the pn:gr:l:r:\::-l:»glrl-'::‘ﬁlnmlt\;law
|

b | |g.~! —
A spreadsheet programme (s a toal that [ |
enables you to identify an appropriate
L el and find the equation of best fit
| A computes spreadsheet programume can draw 2 A spreadsheet can plog many types of trend lines,
| scattesgraph of any raw data and attemipt to draw Far this section we are anly interested in
| 'he ire of best Gt through the data. As wellas | expunential and power functions,
il b s a wtradgght line of best fit, the |
prmd sheet can also draw expanential and power | ——
|
|

iom of best fit,
Drawing Graphs using a
Spreadsheet

functions that moded the data

It is impartant that a dedsion is made as to which
melationahip best models the data. At NCEA 3 this
can ba dore by seeing how dosely the curve is ta
the points. ng function is not appropriate the

l |M$-R|\mt\eh all the paints,

= trendline then it may

Ene does not fie
rase of an incorrect

It willl akso find the equation of this Hre af best fit.

“The instriscticms in this workbook are for Microsaft |
Excel but other spreadshest programmes hawe |
similar functiors.

Enter the data on a blank sheet. Select just the data
}'ru are modelling then select the Chart wizard.

Select the functis you believe will best model 20 exponential trendli
the data (check how well it fits the data) and selegt  Obviously be a poor ft.
Diptian i add the equation io the graph. —

Terrmese v Prawaonal speading ]

i function then Options

[ [t =g

Linear Ligwiibime Betimeial

Modelling: Drawing Graphs and adding a
wwcovoms Trendline using a Spreadsheet — page 337

Tumover vs Promotional spending Turnover vs Promotional spending
80 100 S —
70 = 20 ¥ =13.339e™24
| —1 &0
& -
g =Ty =419%625° ||| § » A .
g 50 ¥
£ i @ 3
.E @ .-E_ 50 /
g a0 / fFuw
£ E 30
20 3 v
/ = 20 S el
10 —
v 10—
0 0
0 10 0 30 i 50 & 7 80 ] [ 10 i 30 40 50 &0 b &0 %0
Framation 5100 Pramation 500

If the modelling function is not appropriate the
graph will not pass through all the points.

If only a few points are off the trendline then it may
be just natural variation. If the trendline does not fit
the data then it may be a case of an incorrect
selection of the modelling function.

In this case the correct modelling function is a
power function Turnover = 4.2 x%5, If we asked for
an exponential trendline then the answer would
obviously be a poor fit.




weeeee:  CoOrrelation — What can go wrong?
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Mean of x’s
Mean of y’'s
Equation of regression line

Correlation coefficient (r)

s COrrelation — What can go wrong?
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R?and Excel & Graphics Calculators

Excel and two graphics calculators were used on the following data. Their printouts are
given below.

Data Set
x value
1

O~NO A WN

11
12

Excel

y value

15
41
93
188
196
247
366
386
488
460
722
685

log x value
0
0.693147
1.098612
1.386294
1.609438
1.791759
1.94591
2.079442
2.197225
2.302585
2.397895
2.484907

log y value
2.70805
3.713572
4.532599
5.236442
5.278115
5.509388
5.902633
5.955837
6.190315
6.131226
6.582025
6.529419

1200

Plot of Exponential Regression

1000

y value
@
3
3

+ Series1

——Expon. (Series1)

R?=0.8516

x value

log y value

Plot of Linear Regression

5 10 15

x value

o Series1
—Linear (Series1)

R?=0.8516
Iny=3.396 +0.3015x

800

Plot of Power Regression

700
600
500

400

« Series1

y value

300
200

——Power (Series1)

R? = 0.9867
»=16.07x"*

x value

log y value

Plot of Linear Regression

1 2 3

log x value

 Series1

——Linear (Series1

R? = 0.9867
Iny=2.777 + 1.548Inx

Note:

1. The R? values printed with the exponential and power plot curves for Excel are wrong.
Do not use them.

2. Excel has based its R? values for the exponential and power plots on the linearly
transformed data. For example, for the exponential curve, y = ae®™, Excel computes R?
using Iny = Ina + bx. It is wrong to do this. (Excel's R? values for the linear (semi-log

and log-log) plots are correct.)

Department of Statistics

Casio fx-9750G PLUS

Exponential Regression
y = a.e’bx

a =29.8404023

b =0.30152902

r =0.92283291

r? = 0.85162058

Power Regression
y =a.x"b
a=16.070768

b = 1.54826975

r =0.9933374238
r?=0.98671923

Texas Instruments TI-83

Exponential Regression
y = a.bx

a =29.84040238

b =1.351924358

r? = 0.8516205865
r=0.9228329136

Power Regression
y =ax"b
a=16.07076801

b = 1.548269753
r?=0.9867192375
r=0.9933374238

Note:

Graphics Calculators

Linear Regression
Iny =bx + Ina

b = 0.30152902
Ina = 3.39586326
r = 0.92283291
r’=0.85162058

Linear Regression
Iny = binx + Ina

b = 1.54826975
Ina = 2.77700197
r = 0.99333742
r’=0.98671923

Linear Regression
Iny = Ina + (Inb)x

Ina = 3.39586326
Inb = 0.3015290279
r’ = 0.8516205865
r=0.9228329136

Linear Regression
Iny = Ina + blnx

Ina = 2.77700197
b = 1.548269753

r’=0.9867192375
r = 0.9933374238

1. The rand r? values printed with the exponential and power regressions for these two
graphics calculators are wrong. Do not use them. The sample correlation coefficient, r,
should only be used with linear relationships.

2. The given r? values printed with the exponential and power relationships are not equal
to their R?values. (These r? values have been based on and computed from the
linearly transformed data, i.e., linear relationships.)

3. The rand r? values printed with the linear models are correct. In these linear cases,

the given r? values are equal to R? values.

Use r, r%, and R? values from Excel and graphics calculators with caution!

References:

Scott, A.J. and Wild, C.J. (1991) "Transformations and R?", The American Statistician, 45, 127—129.
Kvalseth, T.0. (1985) "Cautionary Note About R?", The American Statistician, 39, 279—285.
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