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R, Matlab, and other packages

R and other packages have many of the same functions

Some of the others can be run more easily as “point
and shoot”

All should be run from command files to document
analyses

None is really harder than the others, but the syntax
and overall conception is different
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Origin

S was a statistical and graphics language developed at
Bell Labs in the “one letter” days (i.e., the c
programming language). Did you know that they had
a “b” programming language before the “c”
programming language?
R is an implementation of S, as is S-Plus, a commercial
statistical package (which is mostly moribund now)

R is free, open source, runs on Windows, macOS, and
Linux

We will use mostly “base” R, though there is another
flavor, “tidyverse”. Differences mostly in data handling
not statistics
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Why use R?

Bioconductor is a project collecting packages for
biological data analysis, graphics, and annotation

Many of the better methods for biomedical data are
only available in Bioconductor or stand-alone packages

With some exceptions, commercial analytical packages
are not competitive

R is free and open source and widely used
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Getting Data into R

Many times the most direct method is to edit the data
in Excel, Export as a .txt or .csv file, then import to R
using read.table() variants or directly from the Excel
file using other R functions

We will do this two ways for some energy expenditure
data

Frequently, the data from studies I am involved in
arrives in Excel and is often in bad shape until edited
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energy package: ISwR R Documentation

Energy expenditure

Description:

The 'energy' data frame has 22 rows and 2 columns. It contains
data on the energy expenditure in groups of lean and obese women.

Pormat:;
A R T e e R ey e bt N N e B S S R s B R e P S S B A b
expend a numeric vector. 24 hour energy expenditure (MJ).

stature a factor with levels 'lean' and 'obese'.

Sonrce::

PG erAkemans BRSO s e s eicalii st abrseies st orsModicaliResearchzy
EabdiarOErA s Chapman St g
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m Obese  |Lean energy?2.txt  |expend |stature
9.21 7.53 9.21 Obese
11.51 7.48 11.51 Obese
12.79 8.08 12.79 Obese
11.85 8.09 11.85 Obese
9.97 10.15 9.97 Obese
8.79 8.4 8.79 Obese
9.69 10.88 9.69 Obese
9.68 6.13 9.68 Obese
9.19 7.9 9.19 Obese
7.05 7.53 Lean
7.48 7.48 Lean
7.58 8.08 Lean
8.11 8.09 Lean
10.15 Lean
8.4 Lean
10.88 Lean
6.13 Lean
7.9 Lean
7.05 Lean
7.48 Lean
7.58 Lean
8.11 Lean

January 12, 2026 BIM 283 Experimental Design for BME



/ : e

eg <=rreadidelim{lencrgylEitxE)
€g

t.test (eg$Obese, eg$Lean)

eg?2 <- read.delim("energyZ2.txt")
eg?

t.test (expend ~ stature,data=eg?2)

with (eg2, mean (expend[stature=="Lean"]))
with (eg2, mean (expend[stature=="0bese"]))
with (eg2, tapply (expend, stature, mean))

o e e e e R e e e S e

emp L= tmpE2

t.test (expend ~ stature,data=eg?2)
mean (expend|[stature=="Lean"])

mean (expend|[stature=="0bese"])
tapply (expend, stature, mean)

tmp <- tapply(expend, stature,mean)
tmpEEE=tmpiE2]

January 12, 2026 BIM 283 Experimental Design for BME



> source ("energy.R", echo=T)
e S L O PO B 1 VA e AU S A S ety e

> eg

Obese Lean
1 = e
S v i A iy R o
S e M O e SR DR O
L TR RHE IS B B
5 o e e b
6 Rkl
% O el
8 e e
9 e B e
) J A R B
1% NA 7.48
B2 AR
143 e s e e
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S ro S anoeelg s s s iR e e
Welch Two Sample t-test

data: eg$Obese and eg$Lean
e T e s e o MR B O e b e DR R R
alternative hypothesis: true difference in means 1s not equal to O
95 percent confidence interval:
1.004081 3.459167
sample estimates:
[ = enine i
A O e e oV e O O o oW,

January 12, 2026 BIM 283 Experimental Design for BME 10
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expend stature

G

d: i
2 et
3 125
4 et
5 9
6

7

8

9

d540]

g

12

AR

|_\
NS
’_\
WO J J J 10O 00 O 0w JJuwwwo
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Obese
Lean
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Lean
Lean
Lean
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e b oo e s e
Welch Two Sample t-test

data: expend by stature
e i RO S o i e SR D B B Gl e T R e O g PR S e
alternative hypothesis: true difference 1in means between
group Lean and group Obese is not equal to O

ghpereentcontrdenceinttervals

i oM s A GRS

sample estimates:

MR G OER e S e Sl h G rolp o e Se

8.066154 IR RO RS
> with (eg2,mean (expend[stature=="Lean"]))
el e S RO el
> with (eg2,mean (expend[stature=="0bese"]))

EE e e e

January 12, 2026 BIM 283 Experimental Design for BME
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st s Rt s oS EE R bR s s s el
S e e SRy S
> with (eg2,mean (expend[stature=="0bese"]))

s e O e W
> with (eg2, tapply (expend, stature, mean))
Lean Obese
e e O R S
P ol ] O o B o A Vi o el e e R A o o S e B o B DN e i (Y v R
e T111§ @ o ] et U 1 O A

Lean
A e T i Rt

January 12, 2026 BIM 283 Experimental Design for BME 13



>/z§;/i;;£gad:delim("eﬂerg§27fft“f*“==;- o
>

expendsstatiire

35 O Obese

2 G i Obese

3 e Obese For this data set we can read
4 i N Obese directly from the package ISwR:
5 CHeew, Obese 1. Packages/Install/ISwR
6 g Obese 2o loilyrgmear CESWRE

i 9.69 Obese S datas(Ene EonE

8 9.68 Obese

9 A ) Obese

10 s Lean

Jedt 7.48 Lean

tlee Ssile Lean

S el Lean

A i ) Vo o Lean

$:5 8.40 Lean

% ol o B P O Y O Lean

i) 613 Lean

18 oz Lean

4EAS HsCED Lean

20 7.48 Lean

2 P Lean

e S Lean

January 12, 2026 BIM 283 Experimental Design for BME 14



11| BV oo b s S An ettt i b O SA G @ A N )
{
OB b B e et R0 B (DN o Ve e fa s o)
1§ S A = M T R ® B DS OF S
e e e B
{
=HbY oSN =T o i e B oo o 01 B | 0 P T R
print (mean (df [subseti, 1]))

> mystats (eg2)
e s )
R R O )

January 12, 2026 BIM 283 Experimental Design for BME
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Using R for Linear Regression

The Im() command is used to do linear regression

In many statistical packages, execution of a regression
command results in lots of output

In R, the Im() command produces a linear models
object that contains the results of the linear model

January 12, 2026 BIM 283 Experimental Design for BME 16



Formulas, output and extractors

If gene.exp isaresponse, and rads is a level of
radiation to which the cell culture is exposed, then
Im(gene.exp ~ rads) computes the regression

lmobj] <- 1lm(gene.exp ~ rads)
St e e )
cocf, residlt), faitted,

January 12, 2026 BIM 283 Experimental Design for BME 54
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Example Analysis

Standard aqueous solutions of fluorescein (in pg/ml)
are examined in a fluorescence spectrometer and the

intensity (arbitrary units) is recorded
What is the relationship of intensity to concentration
Use later to infer concentration of labeled analyte

January 12, 2026 BIM 283 Experimental Design for BME
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el el e e S P e SR S S e el SR S R
SN EA e A Y T S e S G b e e U D o b b e Gl s e e B B e
fluor <= data framc{concentration; intensity)
LR o
concentration intensity

i 0 Dl
2 % DR
= 4 cEY
4 6 1256
5 3 e
6 6 il
7 2 245

> with (fluor,plot (concentration,intensity))
B A 1 N e e ] S Y o Ve ) o M v 8 g )

January 12, 2026 BIM 283 Experimental Design for BME
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Intensity vs. Concentration

15 20 25
|

intensity

10

| | | | | | |
0 2 4 6 8 10 12

concentration
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oo o A g o e e oot o QB (2 S e e e 2 R Oy S8 BT R 1 o A VAN P e e B S R )
Sisumma R oREl

s R
Im(formula = intensity ~ concentration)

Residuals:
ik 2 = 4 ) 0 7
B h o R A e ) bt o 9 Ry oot ) B 60 RO le T A 6 e O U ) i Eeraand B st o6 B0 SR 0 K] & il o R © R T oo & B b e OB e

s e e e e

| T A S 40 T o T o RO U ks 0 W A RO Vi 0 I 1 o A ) ol o By )
BEmEcTE e i e o ) 0.2949 e o Y o v 1 © R0 S e e
concentration 1.9304 R ke R s
Significodess: B P o oA R O ] D 1 e 2 o e SR O N S o A (R RS M R ) e PR A

Residual standard error: 0.4328 on 5 degrees of freedom
Multiple R-Squared: 0.9978, Adjusted R-squared: 0.9973
T b L B o g e bR AU B e e R e e e SNV RS
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P e \\
§/§I?z;iz;:<— lm(intensity ~ concentration)

S oummaryetElbunerlm)

R T e

ECEermnl . st o s e e re ) - Formula

Residuals:
1 2 = 4 5 0 )
s o e e e e T B oS

Coefficients:

R Eats b I e B e e B U L e g e e L
(Intercept) i e G e 0.2949 L5 4 o e @ v A O ROV SYS
concentration BN O R R R R e e I O I B S e DR B S e
Significode s 8 e v v Rl DI i o e o B o e P I e e ) ol e i

Residual standard error: 0.4328 on 5 degrees of freedom
Multiple R-Squared: 0.9978, Adjusted R-squared: 0.9973
o e ol o e R R I S R @ M LR e R DY e ey B MU Vo SR DR SN Sy S GRS
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P e \\
§/§I?z;iz;:<— lm(intensity ~ concentration)

S oummaryetElbunerlm)

-~ Residuals
B0 S o e (AU A e e e B b = e B B e e ey o Sr SO N EM e e O R A
Residuals:
1 2 3 4 5 6 7l

OEen R e e S R e S T e S O R e R R S R e W SR P o

Coefficients:

R Eats b I e B e e B U L e g e e L
(Intercept) i e G e 0.2949 L5 4 o e @ v A O ROV SYS
concentration BN O R R R R e e I O I B S e DR B S e
Significode s 8 e v v Rl DI i o e o B o e P I e e ) ol e i

Residual standard error: 0.4328 on 5 degrees of freedom
Multiple R-Squared: 0.9978, Adjusted R-squared: 0.9973
o e ol o e R R I S R @ M LR e R DY e ey B MU Vo SR DR SN Sy S GRS
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e o A o e R oo Q0 (o B e S W R O B O A Dl R B i OB BTN AN
S summa R ORE

Call: Slope coefficient
Im(formula = intensity ~ concentration)
Residuals:

It 2 3 4 5 6 7

e e e

s e e e e

e A S Q05 T o Ao o RSOOSRy 8 5 o8 B I e e s ol | )
(Intercept) i Ero W L0 0.2949 Sl O e 33k
concentration 1.9304 R ke R s
Significodess: B P o oA R O ] D 1 e 2 o e SR O N S o A (R RS M R ) e PR A

Residual standard error: 0.4328 on 5 degrees of freedom
Multiple R-Squared: 0.9978, Adjusted R-squared: 0.9973
T b L B o g e bR AU B e e R e e e SNV RS
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e \\, o
§/fijz;iz;r<— lm(intensity ~ concentration)

> summary (fluor.lm) Intercept (intensity at
Call: Zero concentration)
B0 S o e (AU A e e e B b = e B B e e ey o Sr SO N EM e e O R A
Residuals:

| 2 3 4 5 6 7

BEsbaind e eanh S o D e U B Y OB SO e ) Siouln e

Coefficients:

R Eats v I e e e i B A L L e e s ST B e S,
(Intercept) i e G e 0.2949 L5 4 o e @ v A O ROV SYS
concentration BN O R R R R e e I O I B S e DR B S e
Significode s 8 e v v Rl DI i o e o B o e P I e e ) ol e i

Residual standard error: 0.4328 on 5 degrees of freedom
Multiple R-Squared: 0.9978, Adjusted R-squared: 0.9973
o e ol o e R R I S R @ M LR e R DY e ey B MU Vo SR DR SN Sy S GRS

January 12, 2026 BIM 283 Experimental Design for BME 25



;/g’ffjgjizg/<— R e e el e e e B LB o)

S oummaryetElbunerlm)

= Variability around
ek
RS g e e concentration)regreSSIOn hne

Residuals:
1 2 = 4
R e e e e e e eRe

5 6

Coeffrcrents:

e e g 0o B e S S ) S AU G S A B b S e e e
(Intercept) e R e 0.294 5 e B A G Ol OH O RO H STE B
concentration Jen O3 CES0 4 S e S e S e QR R ST H B RS P B

TG A R B NG B =Y o § et S oo O R

1

Shdgh s b i e

Residual standard error: 0.4328 on 5 degrees of freedom
MuEErplc:R=Sqguared s 09978 BdastedEREsguared s 059903
o e ol o e R R I S R @ M LR e R DY e ey B MU Vo SR DR SN Sy S GRS
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e o A o e R oo Q0 (o B e S W R O B O A Dl R B i OB BTN AN

> summary (fluor . 1m) Test of overall significance
Call: of model

ImtEormulta==antensiiyi~viconcentrati
Residuals:
1 2 5 5 6 7

e e ol e e o e R

s e e e e

e B A D 0 U Y T S e o B Vi B = O o i B
(Intercept) i Ero W L0 B 5 o 4 1 & Rt © b @ R O PO o S0 S
concentration 1.9304 = R e T e
Significodess: B P o A R O SR SN ) ] O T A R O ) e R B P R

Recehaiiopinaai-aprelarelasaanies 328 on 5 degrees of freedom
Multiple R-Squared: 0.997F, Adjusted R-squared: 0.9973
T b L B o g e bR AU B e e R e e e SNV RS
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S B O A A B e S e RO T GRS e A e G A U e ) A It P e N )
i sl el b < (R B 0 v g S B ey ot G ol a0l =) o b A= N E 01 aRa)
e B S ey e R b e Ty e Rt ot A e e e e

>iplotitfitted (Eluoriim)  resid EluoriTtm))
B oW e A= P An A R )

The first of these plots shows the data points
and the regression line.

The second shows the residuals vs. fitted values,
which 1s better at detecting nonlinearity, etc.
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Intensity vs. Concentration

20

15

intensity

10

concentration
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e B ok U (i e e e D)
>iooritwright)

SHEGBE S e an m B AR A en Mo fak
Bl Sohie b 1.0000000 0.9432794
mini.wright 0.9432794 1.0000000

File wright.R:
library (ISwR)
B et B e R

wplatiEsessfunethaoni()
{
with (wright,plot(std.wright,mini.wright,
xlab="Standard Flow Meter",ylab="Mini Flow Meter", lwd=2))
title ("Mini vs. Standard Peak Flow Meters")
A b o A B B g e M (R SR T G R e e o DR B e SRR N A o H AT
BeNEa e e e L MO e gy B e e e e e P )
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Mini Flow Meter

600

500

400

300

Mini vs. Standard Peak Flow Meters

| | I I |
200 300 400 500 600

Standard Flow Meter
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Cystic Fibrosis Data

Cystic fibrosis lung function data

lung function data for cystic fibrosis patients (7-23 years old)

age
sex
height
weight
bmp
fevi

v

frc

tlc
pemax

January 12, 2026

a numeric vector. Age in years.

a numeric vector code. o: male, 1:female.

a numeric vector. Height (cm).

a numeric vector. Weight (kg).

a numeric vector. Body mass (% of normal).

a numeric vector. Forced expiratory volume.

a numeric vector. Residual volume.

a numeric vector. Functional residual capacity.
a numeric vector. Total lung capacity.

a numeric vector. Maximum expiratory pressure.

BIM 283 Experimental Design for BME
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] o ety AR B I P

daEateysEEibr)

o B e R A R T S

Pease it #All pairwise scatter plots

cf.lm <- lm(pemax ~ agetsextheight+weight+bmp+fevl+rv+frc+tlic,
data=cf)

R A R S BB e et Bl S e

O b T O ey B e b F

printiidroplitcEilim tesE="F"))

Pilieelmy

step(cf.lm)

January 12, 2026 BIM 283 Experimental Design for BME
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<////%/////// e A =

s R | e e T 1B ] O (] P SR aed £ NG ey AR i, o N 0 W I B P 0 R 1 ) BN R G4 (G IR A0
S o e e P e e e b i e
iprnt CSamnmary e

Eoefisctene

IR B g0V e o S RO o (AT o £ e s O U Y S e D o (e i i )
S R o =1 5 i M o 3 SR a2 AR o e SN el 0.448
age e i) e D N S | 0604
sex DR AR B SOl S R 1 Bise
height -0.4463 029034 =0.494 Bi6:2:8
weight 2O 2o R 1.490 Byt
bmp —1.7449 A e e T
fevl E AR SR, I O SABRT Al BH R SEEE AT RS
T3 B9 T0 BES6:2 004 O3
fre -0.3084 N B B O SRR B
(BSC 0.1886 0.4997 CERE i ho

Residual standard error: 25.47 on 15 degrees of freedom
Multiple R-Squared: 0.6373, Adjusted R-squared: 0.4197
NS o R e AT o e R R OROMO R @t - 1 @M e o e I LR e e B R Ve b O RS S
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>oprintifanova teEalm):)
Analysis of Variance Table Performs sequential ANOVA

Response: pemax
BfsssumsSasMeansSepsitayalaye 28 03 o )

age e B G e T H B G B T e B R O o e e e C R RS M
sex 1 R S A e
height i IERSHENA A M & R QB R S RO T A S SR B SR
weight E B3 e T T O S R A e s SR M T
bmp N O e S s e Lot e e e e D o R R A
fevl e s O S L oy

rv I 5619 ST o s e O of OF Sn2i O Wt 4 O O R Mo )
e 3 1946 AN e S O B DO RS R DM 0BRGN
Eile i s e e e A e R e R e )

| RS R e Nt T R SRt e U O B 0 1 648.7

STISTG R SRR S 6 = s e b b S CME B 8 O b e S ket B B e e Do § R e e ) ol e o e
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S G AT B 0 S S Er et R o o S e e i
Sl AN e s n e =N oy oy gl Performs Type III ANOVA
e s
T R D R W T s =0 i e ol Yl o M e o = W e ] R e ) 0 @t o B AV 0 B o oy A B e R
ke
S e e e RSS AYGH L T oV B o e o i (o 3
<none> e o
age 1 15 8 e o o 0 T M b A% G e o 0 7 o A O G wa e O 04 06
sex i N e el oLl 1 R R B e O e DR o R B OBl B
e el e e RN e
weight 1 e e R A S e ST P e e B ] Beo T o
bmp 1 4 2 S5 © o o ol o e A 58 e S o i v oo
fevl 1 (G 2 e e SRS RO R A o e et A 0 R R T B R B
rv 1 B o b e e e e e e
i e 1 s L N A OB RS Ha A ) A ST e S e A SR A U
ke 1 e PO R A B ST s a6 b B RO B el e )
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Residuals

-20

-40

January 12, 2026

Im(pemax ~ age + sex + height + weight + bmp
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Im(pemax ~ age + sex + height + weight + bmp
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\

1.0 12\\\

0.8

-JIStandardized residuald
0.2 04 0.6

0.0
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Scale-Location

80

| | | |
100 120 140 160

Fitted values
Im(pemax ~ age + sex + height + weight + bmp
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Standardized residuals

January 12, 2026

©°16

R _-os
-f- Cook's distance ,,//
| | | | I e |
0.0 0.1 0.2 0.3 04 0.5 0.6
Leverage
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SRt o R e R AR
pemax ~ weight + bmp + fevl + rv

[ e RS AIC
SEeTe O S
R 1 o e e o S bt Eve e y R ) Y SR L
==Pmp 1 FOF 2062 B A DT L6552
- fevl 1: 0 e e B A A 1663
L e O e =
G T e

TR B o R e LRGP b e G g e e e e B o e b

Coefficients:
(Intercept) weight bmp
EEE IR SHare
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oo TR 7\\
/>/EfTT;£/Zj/im(pemax ~ rvt+bmptfevl+weight,data=ctf)

> summary (cf.1lm2)

ks
BT e T A o e Vg e e P o M e R B e
Residuals:

Min 10 Median 30 Max

e T A o o 8 BT 1 R A S o S ST M e B )

Coefficients:
Y A 3 7 8 80 2 PN () [RROAR S 4 Ao, sy e (0 L = et A e e 24 o e )

(Intercept) 63.94669 DTS A i O o) L2000 2 A A0 55

rv R R SEEREESEES ARt A e O ot 2 1 S R )

bmp R B S R AT 6 AR S v S A | YO SRR R O DO R R

fevl Jesendieke) Grrodieno: e DY o R B R G o i

welght e Sk Db e e e et st G e

e L

Revasiaiiigsberabndaicainapaien e nantnrdesgrea e giiiresev el o
Multiple R-Squared: 0.6141, Adjusted R-squared: 0.5369
E=gtabisticeleOhiuandrgnd=20mpErssiyayrailayensQr Q005 2:3
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red.cell.folate package:ISWR R Documentation

Red cell folate data

Description:
The 'folate' data frame has 22 rows and 2 columns. It contains
data on red cell folate levels in patients receiving three
different methods of ventilation during anesthesia.

Format:

This data frame contains the following columns:
folate a numeric vector. Folate concentration ($mu$g/1).

ventilation a factor with levels 'N20+02,24h': 50% nitrous oxide
and 50% oxygen, continuously for 24~hours; 'N20+02,0p": 50%
nitrous oxide and 50% oxygen, only during operation;
'02,24h'": no nitrous oxide, but 35-50% oxygen for 24~hours.
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> data(red.cell.folate)
SomedearEee o R e e
et c et e B R o
folate ventilation
Mt =060 NZOHECO 22 8
st Ou. 24095 NZOHO2 0D+ 0
et e G2t =5
Mean g
e
0

/V

2O S
Max. e

reficeredoce b lar olafe
Jpegtired.cell . folate Jpg?)
witbhtre b pliolt(folalte ~venbrlarion))
dev.off ()

MV N
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(gpsfed

Im(formula = folate ~ ventilation)

Residuals:

Min 10 Median 30 Max
s e e e = e e
R o P M = A B 3o

N o A R 3 T e AR A, VAR ) o T SRR I o I R s G o 12y

AR T GRS G o T B e I R B o R R RN o 1 AR A S oY = e 7 SR
e R SN E R e -60.18 B e o e g ey & B [tk
VA SR B e Y G e A -38.62 20.06 -1.482 Qb8
Signifisocodes;: O R e A ) I B e i e ) A ) s e B e ) e et A PR e

Residual standard error:

45.72 on 19 degrees of freedom

Multiple R-Squared: 0.2809, Adjusted R-squared: 0.2052
TR Py e Al B Y e e e SR ERA o et e o s ) B R sy BB S U et O RO TR p
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> anova (folate.lm)
Analysis of Variance Table

Response: folate

Df Sum Sg Mean Sgq F wvalue
S O SO

N0 e e S B e o e o R ] S T 1 B A
Residuals R T 2090

SignaEiEicodes iRt G 0T
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> data (heart.rate)

Wart.r Stey e e oo
: v o R o o B =

hr subj time

1 96 i 0
Snniy % 0
3 89 3 0
4 95 4 0
Dt = 0
S OHO) 6 0
7 T 7 0
3 =) 3 0
O 010 9 0
ok i 30
Zi04 9 60
= e
3602 G2

It contains data for nine patients with congestive heart
failure before and shortly after administration of
(S5 AR 2 o AR R RS 0 o= T B L= N e B p f e ot SR G e S e i ST S Y
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> anova (hr.1lm)
Analysis of Variance Table

Response: hr

PrifssSansasepieamtSerieinyaiie Pr (>F)
subj SRR oo R o Cuo e i Moo e Sl O G S0 b o e O Cu e i I G
time i o 200 e O S BEnd0696 GOS8 E 7
Residuals 24 296.8 124

Signifsicodeg st g oo et a0 ke e h g ey

Note that when the design is orthogonal, the ANOVA results don’t depend on the order
of terms.
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Exercises

Download R and install from website
http://cran.r-project.org/

Also download BioConductor

o if (Irequire("BiocManager", quietly = TRUE))
install.packages("BiocManager")

» BiocManager::install()
Install package ISwR if not already installed

Try to replicate the analyses in the presentation. You
do not have to hand these in.
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