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Opening A

Goal: Deal with Data Analysis when backed against a wall

R Set the stage for dealing with data ':é:' g F
L "~

R State three classes of problems

R Discuss three solutions for each problem S 2 S /

R Provide examples for each solution
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Introduction e

" WHICH WAV,TO THE
NEAREST BIOSTATISTICIAN?

R Best case scenario for statistical analysis
needs is to consult/collaborate with a
statistician or statistically-minded
researcher

R Not always possible (funding, location, N

educational situation, etc.)

and Loose ~on s
R —
Advice ;!zg_-

R Take these tools with a grain of salt

R Steps in this guide are not mutually
exclusive

- e
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Busy Complex Unknown

Cheat Data Decision
Sheet query Tree

Boiler Flexible
plate model

Tiering
method
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R Create a standardized document of code that is ready for common
procedures and only needs to be filled in with specifics

SAS Coding Tips

Sample Comparisons
T-tests:
proc ttest data=one;

var Var2; *Numeric wvariable;
class Varl; *Categorical groups for comparison;

Paired t-test:

proc ttest data=one;
paired Varl Var2;

Multiple Testing:
proc glimmixz data=one;
class Varl; * Categorical groups for comparison;
model Response = Varl;
lsmeans Varl / adjust=TUKEY;
lsmeans Varl / adjust=BON;:

Nen-parametric:

proc nparlway data=ones;
var Varl;
class Varl;

FREQ tables and Chi-square tests:
proc freq data = cne; BY Experiment;

waight Count;
tables Genotype*Dissase / chisqg:

2017

SAS Coding Tips | 2017

Correlation and Regression

Correlation between multiple variables, with matrix scatter plot:

proc corr data=one plots=matrix;
var Varl Var2 Var3 Vard;

Linear Regression:

proc reg data=one;
model depVar = VarZ;

Multiple Regression with REG or GLM:

proc reg data=one;
model depVar = Varl;
model depVar = Varl VarZ; *can include multiple models;
model depVar = Varl VarZ Var3;

proc glm data=one;
model depVar = Varl|Var2|Var3; *includes all interactions;

Polynomial Regression:

data cone; set one;
Var2=Vark*2;
proc glm data=one;
model clutch=length|length2;

Forward and Stepwise selection with GLMSELECT:

proc glmselesct data=one plots=(Criteria candidates);
model response = varl var2 var3 vard varS /
selection=forward(select=RAICC);
proc glmselect data=one plots=(Criteria Candidates);
model response = varl var2 var3 vard vars /
selection=stepwise (select=RICC);
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Boilerplate

R Create a standardized document of code that is ready for common
procedures and only needs to be filled in with specifics

VERSITY O
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#Simple histogram in ggplot
ggplot(data=DATASET, aes(Y_VAR))+
geom_histogram(bins=6, fill="blue", col="black")

#Two-sample histogram in ggplot

ggplot(data=DATASET, aes(x=Y_VAR, fill=X_CAT))+
geom_histogram(bins=6, col="black", alpha=0.6, position="identity')+
scale_fill_manual(values=c("red", "blue"))

#Simple boxplot in ggplot
ggplot(data=DATASET, aes(x=X_CAT, y=Y_VAR)) +
geom_boxplot()

#Two-way boxplot in ggplot
ggplot(data=DATASET, aes(x=X_CAT1, y=)Y_VAR, fill=X_CAT2)) +
geom_boxplot()

#Simple scatter plot in ggplot
ggplot(data=DATASET, aes(x=X_NUM, y=Y_VAR)) +
geom_point()

#Two-way scatter plot in ggplot
ggplot(data=DATASET, aes(x=X_NUM, y=Y_VAR, fill=X_CAT, color=X_CAT)) +
geom_point()

#Spaghetti plot in ggplot
ggplot(data=DATASET, aes(x=X_CAT, y=¥_VAR, group=ID)) +
geom_line()

#Logistic regression plot in ggplot
ggplot(data=DATASET, aes(x=X_NUM, y=Y_BIN)) +
geom_point() +
stat_smooth(method="glm", se=FALSE, method.args=list(family=binomial))

#Bubble plot in ggplot
ggplot(data=DATASET, aes(x=X_NUM1, y=Y_VAR, size=X_NUM2))+
geom_point()

#Simple bar plot in ggplot
DATASET_sum<-DATASET %>%
group_by(X_CAT) %>%
summarise(mean=mean(Y_VAR),
sd = sd(Y_VAR),
error = qt(0.975,df=n()-1)*sd/sqrt(n()),
ul = mean + error,
Il = mean - error)
ggplot(data=DATASET_sum, aes(x=X_CAT, y=mean, fill=X_CAT)) +
geom_bar(stat="identity") +
geom_errorbar(aes(ymin=Il, ymax=ul), width=0.1)

#Two-way bar plot in ggplot
DATASET_sum<-DATASET %>%
group_by(X_CAT1, X_CAT2) %>%
summarise(mean=mean(Y_VAR),
sd = sd(Y_VAR),
error = qt(0.975,df=n()-1)*sd/sqrt(n()),
ul = mean + error,
Il = mean - error)
ggplot(data=DATASET_sum, aes(x=X_CAT1, y=mean)) +
geom_bar(aes(fill=X_CAT2), stat="identity",
position=position_dodge()) +
geom_errorbar(aes(ymin=Il, ymax=ul, group=tension), width=0.1,
position=position_dodge(0.9))
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R Create a standardized document of code that is ready for common
procedures and only needs to be filled in with specifics

barchart.anova <- function(df, cat_var, num_var) { #Example
cat_var <- enquo(cat_var) barchart.anova(iris, Species, Sepal.Length)
num_var <- enquo(num_var) #basic
df_sum<-df %>% df_plot
group_by(!!cat_var) %>% #customized
summarise(mean=mean(!!num_var), df_plot + labs(y="Sepal length (cm", x="Species") +
sd = sd(!'"num_var), scale_y_continuous(limits=c(0,7),breaks=c(0:7))+
error = qt(0.975,df=n()-1)*sd/sqrt(n()), geom_text(aes(label=c('*','*",'*')), vjust=-0.8, size=6)

ul = mean + error,
Il = mean - error)
#print(df_sum)
df_plot <<-ggplot(df_sum, aes(!!cat_var, mean, fill=!lcat_var))+
geom_bar(stat="identity", color="black")+
geom_hline(yintercept = 0) +
geom_errorbar(aes(ymin=Il, ymax=ul), width=0.1) +
theme_classic() + theme(legend.position="none")

}




) FlexibleModels

R Use flexible models that can run multiple tests just by tweaking
parameters, rather than having to run different code for each and every test
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HFLEXIBLE MODELS
head(mtcars)

t.model <-Im(mpg~as.factor(vs), data=mtcars)
summary(t.model)

a.model <-Im(mpg~as.factor(carb), data=mtcars)
summary(a.model)

r.model <-Im(mpg~wt, data=mtcars)
summary(r.model)
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- ElexiblerModells
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R Use flexible models that can run multiple tests just by tweaking
parameters, rather than having to run different code for each and every test

PROC GLIMMIX data=sashelp.Class;
class Sex;
model Height=Sex /solution dist=normal;
Ismeans Sex /cl;
ods output LSmeans=Class_Ism;

PROC SGPLOT data=Class_Ism;
vbarparm category=Sex response=Estimate/limitupper=Upper
limitlower=Lower;

T-test

PROC GLIMMIX data=sashelp.bmimen;
model BMI=age/solution dist=normal;
output out=Bmimen_pred pred Icl ucl;

PROC SGPLOT data=Bmimen_pred;
band x=age lower=Icl upper=ucl;
scatter x=age y=BMI;
series x=age y=Pred;

Regtession

PROC GLIMMIX data=sashelp.bweight;

class MomEdLevel;

model Weight=MomEdLevel/solution dist=normal;

Ismeans MomEdLevel / cl;

ods output LSMeans=Bweight_Ism; AN OVA
PROC SGPLOT data=Bweight_Ism;

vbarparm category=MomEdLevel

response=Estimate/

limitupper=Upper limitlower=Lower;

PROC GLIMMIX data=multicenter;
class center group;
model SideEffect/n = group / solution;
random center;

Ismeans group / ilink cl;
ods output LSMeans=Ism1; Gen

PROC SGPLOT data=Ism1;
vbarparm category=group
response=Mu /
limitlower=LowerMu
limitupper=UpperMu;
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R Use a Graphical Use Interface to rapidly select and run tests

‘R R Commander - O x ‘R R Commander - O x
File Edit Data Statistics Graphs Models Distributions Tools Help File Edit Data Statisticc Graphs Models Distributions Tools Help
Color palette...
@ Data set: | || chickwts | ‘g[dndmamﬂ@wmdmsq Modek: | £ <No active model> @ Data set: | || chickw] = E Model:
Index plot...
R Seript R Markdown R Seript R Markdown Dot plot...
Histegram...
@ Select Data Set * chickwts <- within{ Plot discrete numeric variable...
feed2 <- Recode (fi i factor=TRUE)
Data Sets (pick one) 1 ebsiy stlmate.
Stem-and-leaf display...
Boxplot...
Quantile-comparison plot...
Symmetry boxplot...
Scatterplot...
‘R R Commander _ Scatterplot matrix...
| J oK | | x Cancel Line graph...

File Edit | Data Statistics Graphs Models Distributions Tools Help

XY conditicning plot...

New data set...
@ Da W aata = @\l’iewdataset Model: | £ <No active model>
Loz ldbinesis Strip chart...
R Script R Merge data sets...
Bar graph...
[eprredie > Pie chart...
chickwt Data in packages 4
feed2 Active data set » feed)', as.facto 3D graph 4
1) Save graph to file L4

Compute new variable...
Add observation numbers to data set

Standardize variables...

Convert numeric variables to factors...

Convert character variables to factors...
Bin numeric variable...

Reorder factor levels...

Drop unused factor levels...

Define contrasts for a factor...

Renarne variables..,

Delete variables from data set ...
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GUINUse

R Use a Graphical Use Interface to rapidly select and run tests

‘R Plot Means X Plot of Means

Data Options

Factors (pick one or two) Response Variable (pick one)

350
|

300
|

‘R Plot Means - ® I

Data Opticns

Chick Weight
250
|
L]

Error Bars Plot Labels ‘

(O Standard errors x-axis label |Feed Type |
() Standard deviations -
® Confidenceintervals Level of confidence: y-axis label |ChiCk Weight] |

() Mo error bars b d
Graph title |<auto>

200
|

150
|

T T T T T T
Position of Legend casein horsebean linseed meatmeal soybean sunflower

| @ Help ‘ ﬁ Reset i oK x Cancell @) To right of graph

O Top left

Feed Type

(O Top center
() Top right

Connect profiles of means [_]

| &) Help ‘ ) Reset of oK 9 Cancel | @ Apply
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m  GUI Use

R Use a Graphical Use Interface to rapidly select and run tests
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R R Commander

File Edit Data Statistics Graphs Models Distributions Tools Help

Summaries

4
R Data set: X F set | ||} View data set| Model: | Z <Mo active model»
Contingency tables *
R Script | R Markdd Single-sample t-test...
Proportions L4 Independent samples t-test...
Variances 4 Paired t-test...

chickwts <-—
feed? <- ®  lMonparametric tests ¥ One-way ANOVA...

1) Dimensional analysis ¥ Multi-way ANOVA...

xlab="Feed TYPE", VISES'CRIC]  Two-factor repeated-measures ANOVA/ANCOVA...

with (chickwt Fit models 4 One-factor repeated-measures AMOVA/ANCOVA..,  }95,

—v Submit

Rcmdr> summary(AnovaModel.1)

Df Sum Sq Mean Sq F value Pr(>F)
feed 5231129 46226 15.37 5.94e-10 ***
Residuals 65 195556 3009

Signif. codes: 0 '***'0.001 '**'0.01 '*'0.05'.'0.1"''1

Rcmdr> with(chickwts, numSummary(weight, groups=feed, statistics=c("mean", "sd")))
mean  sd data:n

casein 323.5833 64.43384 12

horsebean 160.2000 38.62584 10

linseed 218.7500 52.23570 12

meatmeal 276.9091 64.90062 11

soybean 246.4286 54.12907 14

sunflower 328.9167 48.83638 12
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GUINUse

R Use a Graphical Use Interface to rapidly select and run tests

File Edit View Data Transform Analyze Graphs

Utilities ~ Extensions  Window  Help

SHE . e Bl i B

14 D[l

|1 : default

|Visible: 12 of 12 Variables

ol ed

||fe-m|:|dnq..r ”f adtﬁ'ess“ & income ” & debtinc ”efcreddebt ” & othdebt || & default ||

& preddefl | o preddez | & prede

& agell

1 4
¥ 27
3 40
4 M
5 2
=
7 | =
& | o
9 o
0 | 36
11 27
12 25
13 52
14 37
15 48
16 36,
e =
w o«
39

Some college
' Did not complete Hl'gh schoal
" Did not complete high school
| Did not complete high school|
High schoal degree.

High school degree

| Did not complete high school

Did not complete high school

. Did not cumplete h|gh school |
Did not complete h|gh school

' Did not complete high schoal

. Did not complete high schoal

Did not complete high schoaol

' Did not complete high school
- Did not complete high school

High sc houl degre e
H1gh sC hao[ degre e

' Did not comp[ete h|gh school
' Did not complete high school

17 131

176 N

9 30

11 3R

£ Yad

Logistic Regression

f Age in years [age]

{I Level of education [...

& Years with currente...
& Years at current add...
& Household income ...
& Debtto income ratio...
& Credit card debtint..

f Other debt in thousa..
& Predicted default, m...
& Predicted default, m...
&7 Predicted default, m...

e Dependenr

Method:

7 Block1 0f1

| Preg‘iuus |

Covariates:

[Eaten,

Selection Variable:

| [ Rute:..|

80839
19830/
01004/
02214/
78159,

21671

18596
01471
74804
81506
35031
23905
00979,
36449/
01187
09670
21205

78864 ﬂ
12845
00299
01027
73788
32819
17926
01057
61944
79723 H
61051
21902
00628
34047
00771
11384
7502
00056
09273

|IBM SPSS Statistics Processoris ready | |

|unicogeron [ [ [ |

J

NORTH DAKOTA.
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R Start with simplest model design and progressively build from there

NOT SURE IF BUILDING
A STATISTICALMODEL

imgflip.com



DaCCoTA

DAKOTA COMMUNITY COLLABORATIVE
ONTRANSLATIONAL ACTIVITY

—Tiering Method
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R Start with simplest model design and progressively build from there

D3_M1 <- Im(DragonHit ~ Arrows.C,
data=Dragon2)

DragonHit

‘
-40

D3_M2 <- Imer(DragonHit ~ Arrows.C
+ (1| Cathedral),
data=Dragon2, REML=F)

D3_M3 <- Imer(DragonHit ~ Arrows.C

+ (Arrows.C| Cathedral),
data=Dragon2, REML=F)

Dragon Hits

100-

!
-40

Dragon Hits

10.0-

!
-40
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Cheat'Sheei

ER S

R Deploy sheets with quickly available information for statistical methods,
especially more advanced concepts

Machine Learning Modelling in R

Supervised & Unsupervised Learning
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Meta-Algorithm, Time Series & Model Validation
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Creating Survival Plots

Informative

and Elegant

with survminer

The gesurvplot() function crestes geplot2 plots from survit objects.

Tibrary("survival”)

it < survie(Surv(sime, seatus
~ sex, data = lung

class(fiey

# [1] "survfic”

Tibrary("surariner”)

ggsurvplot(Fit, dota = lung)

Swata + sax=1 + sex=2

‘Survwal probanily
e e
]

e
B

Tine

Use the fun argument to set the transformation of the survival curve.

E.g "event” for cumulative even

hezard function or "pet® for surviv

ggsurvplot(fit, data = lung, fun
gasurvplot(fit, dota = lung, fun

ts, "cumhaz” for the cumulative
al probability in percentage.

= Tevent”)

= “cumhaz")

im
2 o0
i
2
G ozs
o
TS % &
Time

With lots of graphical parame-
ters you have full control over
look and feel of the survival
plots; position and content of
the legend; additional annota-
tions ke palus, title, subtitle.

ggsurvplot(Fit, data = lung,
conf.int = TRIE,

Survival probabiliy %)

b sk sho 7o e
ime

s 5 ot

Number at risk
3 o [
- 21 a o
5 w0 o w0 ww
Time.

The function cox.zph() from survival package may be used t test the
proportional hazards assumption for a Cox regression model fit. The
grephical verification of this assumption may be performed with the
fanction ggeoxzph() from the survminer package. For each covariate it
produces plots. ww[h scaled Schoenfeld residuals against the time.

Library("survival
fit < caxph rv(t\.z stotus) ~ sex + age, data = lung)
frest <- cox.Zph(fit;

S+

Global Schosnfeld Teat p: 0.2656

‘Senosnteia nanvioua TSt p:0.1174 Serosnsia Inaiviaual Tast p: 0.7182
o

Bt br s

BT EE
Time.

e, iy
Tk Hosk & & T
T

The function gecoxdiagnostics() plots different types of residuzls 2z &
functicn of time, linear predictor or observation id. The type of residual is
select=d with type arzument. Possible valuss are "martinzal”, “devian-
e’ "score’, "schosnfeld", "dfbeta”, "dfbetas’, and “scaledsch”

The ox.scale argument defines what shall be plotted on the OX anis.
Possible values are "lingarpredictions”, "observation.id’, "time”.

Logical arguments hline and sline may be used to add horizental line or
smooth line to the plot.

T
ibrary("survival ),
1ibrary( surminer™) B
it < coxph(Surviiise, status) ~ L
‘age, "data = Lung) % . L g

sacondiogosics(fic, 3

o cale = “linsar. predictions™) i T -
ggcoxdiognostics(fit, .

type = "schosnfeld”, = }

o scale = "time") I S T

The function ggforest() from the survminer package creates a forest plot
for a Cox regression model fit. Hazard ratio estimates along with confiden-
ceintervals and p-values are plotter for each variable.
Library("survival”)

Librory("survminer™)

Lunglage <- ifelse(lunglage > 78, “>78","<= 787

fitemn( Survisine, stm:us) ~ sex + pr.ecog + age, data = lung)

# Call:
# coxph(formula = Surv(tise, status) ~ sexsph.ecogeage, dato=lung)
=

NORTH DAKOTA.

cof eaCcoeny seCcosny 2 p

#sex  0.567 -3.37 0.00075

# ph.ecog 0.270 Yoo o113 4163000

2 oge:78 @307 1350 B.157 1.64 016175

= =

£ Likelinood rotio test=316 on i

# = 227, mmber of events=s 164 | i

gaforest(Fie) :
i
Iy
i
]
{1}
i

The function ggadjustedcurves() from the survminer package plots
Adjusted Sunival Curves for Cox Proporional Hazards Model. Adjusted
Survival Curves show how a selected factor influences survival estimated

from a Cox model.
Note that these curves differ from K
present expected ssurvival based on gj

eplan Meier estimates since they
wen Cox model

hbmry( ‘survival™)
Tibrary("suraminer™)

ing$sex <- 1fe‘lse[lu1gkr

e 'lee ]

aristle W Ml B Fomale

<- coxph(Survine, seatus) ~ | §
+ ph.ecog + age + | ..
strata(sex), H
data = lung) 2
ggadjustedcurves(Fit, dota=lung) 1

Note that it is not necessary to inclut

de the grouping factor in the Cox

model. Suniival curves are estimated from Cox model for each group

This onepager presents the survminer packag [Aloukads! Kassambara, Marcin Kosinski, Przemyslaw Biecek, Scheipl Fabian 2021) inversion 049
See

forr

defined by the factor independently.

TungSage3 <- cur(lungSage, -
(35, 55,65,85))
ggadjustedcurves(fit, dota=lung, amy
varigble="oge3") 8
gnen
2

sk I (35, 55] W (55,5) (65,85

CCBY Preemyslaw Biecek hitp://github. cﬂprJenak
hitpssfereativecommons.org i
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R Deploy sheets with quickly available information
especially more advanced concepts

3o Cheat Sheet

for statistical methods,

Examples

STATA

SPSS

Excel

SAS

R

Summary statistics

Data->Describe Data-> Summary Statistics
OR
summarize num_var

Analyze -> Descriptive
Statistics -> Descriptives

=AVERAGE(num_var)
=MEDIAN(num_var)
=STDEV.S(num_var) ...

PROC UNIVARIATE;
var num_var;

summary(num_var)

ANOVA/MANOVA -> One-way ANOVA
OR
oneway num_var cat_var

means-> One-Way
ANOVA

> Anova: Single Factor

class cat_var;
model num_var=cat_var;

Histogram Graphics-> Histogram Graphs ->Chart Builder - | Insert (Charts)-> PROC SGPLOT; hist(num_var)
OR > Histogram Histogram histogram num_var;
histogram num_var
Boxplot Graphics-> Box plot Graphs -> Chart Builder - | Insert (Charts)-> Box PROC SGPLOT; plot(num_var~cat_var)
OR > Boxplot and Whisker vbox num_var/
graph box num_var, over(cat_var) group=cat_var;
Bar plot Graphics-> Bar Chart Graphs -> Chart Builder - | Insert (Charts)-> PROC SGPLOT; means <-c(mean_cat1,
OR > Bar Column vbarparm category=cat_var mean_cat2)
graph bar (mean) num_var, over(cat_var) treatment=num_mean; barplot(means)
Scatterplot Graphics -> Twoway graph Graphs ->Chart Builder - | Insert (Charts)-> PROC SGPLOT; plot(num_var1, num_var2)
OR > Scatter/Dot Scatter Scatter y=num_var1
twoway (scatter num_varl num_var2) Xx=num_var2;
T-test Statistics -> Summaries, tables, and tests -> Analyze -> Compare =TTEST(num_var1, PROC TTESt; t.test(num_var~cat_var)
Classical tests of hypotheses ->t tests means-> Independent- num_var2, tails, type) | var num_var;
OR Samples T Test class cat_var;
ttest num_var, by(cat_var)
ANOVA Statistics-> Linear models and related -> Analyze -> Compare Data Analysis (add-on) - | PROC ANOVA; aov(num_var~cat_var)

Normal linear
regression model

Statistics-> Linear models and related ->
Linear regression

OR
regressnum_varl num_var2

Analyze -> Regression->
Linear

Data Analysis (add-on) -
> Regression

PROC REG;
model num_varl= num_var2;

Im(num_var1 ~num_var2)

mixed model

-> Generalized linear model

OR
meglm varl var2 || rand_var_eqn,
family(distribution) link(link_function)

Models-> Generalized
Linear

class cat_var;

model num_varl= num_var2
cat_var rand_var;

random rand_var;

Logistic regression Statistics-> Binary outcomes-> Logistic Analyze -> Regression-> N/A PROC LOGISTIC; glm(binary_var ~ num_var,
model regression Binary Logistic model event/trial= family=biniomial)
OR num_var2;
logit binary_var num_var
Poisson regression Statistics -> Count outcomes-> Poisson Analyze -> Regression-> N/A PROC GLIMMIX; glm(count_var ~ num_var,
model regression Generalized Linear model count_var= num_var family=Poisson)
OR Models /dist=Poisson;
Poisson count_var num_var
Generalized linear Statistics -> Multilevel mixed-effects models Analyze-> Mixed N/A PROC GLIMMIX; Package Ime4

Lmer(num_var1~ num_var2 +
cat_var + (1|rand_var)
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R Be ready to run multiple models that could fit the data and compare best fit

btb_Imerl <- Imer(bdi ~ bdi.pre + time + treatment + drug + length + (1 | subject), PROC GLIMMIX data=DATASET method=RSPL;
data = BtheB_long, REML=FALSE, na.action = na.omit) #Rand Int class RAND1;

model Y_VAR=X_VAR1 | X _VAR2;
random RAND1;

btb_Imer2 <- Imer(bdi ~ bdi.pre + time + treatment + drug + length + (time | subject),
data = BtheB_long, REML=FALSE, na.action = na.omit) #Rand Int & Slope

btb_geel <- gee(bdi ~ bdi.pre + treatment + length + drug,
data = BtheB_long, id = subject, family = gaussian, corstr = "independence")

btb_gee2 <- gee(bdi ~ bdi.pre + treatment + length + drug,
data = BtheB_long, id = subject, family = gaussian, corstr = "exchangeable")

anova(btb_Imer1, btb_Imer2, btb_geel, btb_gee2)
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R Be ready to run multiple models that could fit the data and compare best fit

regl <- Im(Dep ~ Ind1 + Ind2 + Ind3 + Ind4)
sregl <- step(regl, direction="“forward”)
sreg2 <- step(regl, direction="“backward”)
sreg3 <- step(regl, direction="both”)

PROC GLMSELECT data=sashelp.baseball
plots=all;
class league division;
model logSalary = nAtBat nHits nHome nRuns
nRBI nBB yrMajor crAtBat
crHits crHome crRuns crRbi
crBB league division nOuts
nAssts nError
/ details=all stats=all;
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R Get to know your data through exploratory data visualization (summary
tables, boxplots, scatter plots, dimensional reduction, etc.)

Mileage by Type and Origin

Cor: 0.818
setosa: 0.278
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Cor : -0.118
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Visual Eirsit

R Get to know your data through exploratory data visualization (summary
tables, boxplots, scatter plots, dimensional reduction, etc.)

W &s should not have a

N Aefault constructar. = 0.014

—\*| AW'is a magic number. = 1.027|

ed by whitespace

K is follo
11.625

“X‘ should be alone on aline. = 0.027 ‘

[ Avoid inline conditionals =0 822

|'><' construct must use 'J's. = 3.574 |

=0.041

Comment matches to-do format X' ‘

Expression can be simplified. =
0.178

"%'is not preceded with whitespace
=7.695

‘ Empty statement. = 0.014 ‘

Line is longer than X characters. =
6.312

|‘><' should be on anew line. = 3 177|

6453

TODO = 0.055

"X‘ is not followed by whitespace. = ‘

Wissing a Javadoc comment. =
4.998

IMare than X parameters. = 0.424 |

Avoid nested blocks. = 0.192]

File does not end with a newline. = ‘
0.082

Wlissing package documentation
file. = 0.082

/{ Line has trailing spaces. = 36.026 ‘
¥ should be on the previous line. = ‘

0.055

Variable X' must be private and
have accessor methods. = 0.027

Mame X' must match pattern 'X'. =
1.89

Array braclets atillegal position. =
0.014

Must have at least one staterment. =
0.041

f A Expected X tag for X' = 3 163 ‘

Expected an @return tag. = 1.054|

"< hides a field. = 0,082

File length is X lines {max allowed
is X).=0.014

Parameter X should be final. =
10.804

THERE IS A TIME
AND PLACE,FOR PIE GRAPHS

NEVER, AND IN THE GARBAGE

imgflip.com
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R Get to know your data through exploratory data visualization (summary
tables, boxplots, scatter plots, dimensional reduction, etc.)

-

price
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|

cut - color : clarity
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R Answer questions to get you thinking about your data to figure out

structure and variable information IFYOU ASK QUESTIONS

LN\D ABOUT.YOUR DATASET.
Communicating Your B ket
Data to Statisticians

BERDC Special Topics Talk 4

DaCCoTA T —

DAKOTA CANCER COLLABORATIVE Biostatistics, Epidemiology,

and Research Design Core

ON TRANSLATIONAL ACTIVITY l

https://und.qualtrics.com/jfe/form/SV dcyUSPLhD4cmP5Q I“'Es Yn“n Y vnnmnlE
_“EEI}IIME YOUR WHY: VARIABLE2



https://und.qualtrics.com/jfe/form/SV_dcyUSPLhD4cmP5Q
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Data Quiery

R Answer questions to get you thinking about your data to figure out
structure and variable information

# | Question

LN—) 1 | Whatisyour Y variable?

Communlcatlng Your i feiyeh
Data to StatiStiCianS 2 | How is your Y variable measured (categorical-> ordinal or nominal,
numerical -> continuous or discrete)?
BERDC Special Topics Talk 4 3 | What are your X variables?
Da CCOTA D Mo Witk 4 | How are your X variables measured (categorical-> ordinal or
T. Vlar 1lrlamson
o statistics. Enidemi nominal, numerical -> continuous or discrete)?
DAKOTA CANCER COLLABORATIVE e
ON TRANSLATIONAL ACTIVITY 5 | Are their major considerations you need to be aware of
4 (confounding factors, longitudinal design, missing data, etc.)?

https://und.qualtrics.com/jfe/form/SV dcyUSPLhD4cmP5Q
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R Walk through branching decisions to determine appropriate test to use

Paired T- Paired

Test Wilcoxon
Test

Multi-Way

Blocked/
Normal } Nested N ANOVA

Normal ANOVA
Mann-
Whitney

Test

Category Normal Hrustal-
One-Sample of Interest Wallace
Wilcoxon

Test
Test

Category Paired

Number
Normal

One-Sample Ern Normal
Spearman T-Test

Rank-Order
Regression

Logistic/ Distribution
PU'SSO_I'I Normal
Regression

Predictor
Simple Variables
Linear
Regression

Multiple
Linear
Regression

\ariable Type Number

Number

ANCOVA/
GLMs

Numerical
Predictors

Proportion
Test

Category

Normal

McNamar's
Test

Statistical Test Decision Tree

Fisher's
Enact Test

Friedman
Test

Repeated
Measures
ANOVA
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R Walk through branching decisions to determine appropriate test to use

Classification Problems

I VERS ITY

ON TRANSLATIONAL ACTIVITY NORTH DAKOTA.

Number o Pular orcination, PO {Beay-Cursis ordination) | [ Multivariate data analysis techni I [7]
dispendent vsrabies
Principal Cooninaics Analysis, 1]
= PCaA (Metric muktidmensional scaling) ‘ l
Dapandant variable Regressi Classification ]
lovel of measurement e \‘1 Nonmetri: Mullidimensh e, KMIDS_| [ = I I
Matric = Clustar analysis
[ — scaling Linear model -
- mlur sspondence analysis I Tt I I Mo Enear I I Supervised I I Ursupervised
o

| Figenanalysis-based spproacics ’:-‘
Informal techrigues
Nominal Ordinal i P Analysi. l ‘ * ‘
‘l Unimodal model CA (Reciprocal Averaging) MLE, PCR, PLSR “ AN, 5VM || LDA, PLS-DA, KNN, ANN, SVM || PCA, Kmeans
— " = Correlation analysis, Bivariate
e ) [T =
| = « ANOVA ard MANOVA '

L = Conjoint analysis [4]
=+ Canonical analysis

[ireet gradicnt ndysis

Detrerded Canséesl Comespondence Analysis, DCCA | [6]

A Classification of Multivariate Techniques

TABLE L1 Statistical
Sahipie prediciees Multiple suscumes Putiple predicion el eeicones
Multivariate Techniques | Faploratury Coalrmacary” Expleraiony Contamnary” Explarsiery Canfirmatory”
[ Degree of msovistion N

Fegrsisan Weranchical muliple  Factor asslysi - Fastor amsbysis i Conceiea] oorelation  Nowe' 9
e ! predvry b birinig [ ]
Inesicd

{ 1 —
Dependence Interdependence » X rtion) mewon} o
Technique Technigue Jaguismpmin M g (mpeciied i ing{wecied dimen- usalyuls (maximba-  amalpe
mmensonaliny} wosmalay| non of i1 ndces) maach)
I [ Cheostp dberences

ANDVA [post bos ANOVA (plansed Onesway MANOVA  One-way BANOVA Fudorial MANOVA  Faciorial MANOYA

One Dependent| | More Than On Variable Interabject s faet [ S ———
Variable Dependent Interdependence Similarity soat) soms) Planmed compari:
ariable ANCOVA (post hoe  ANCOVA (plasned  Omeway ANCOVA.  One-wiy MANCOVA  Factorial MAX- Facsorsal MANCOV;
: Gross-Tabulation * Multivariate Analysis  * Factor * Clustar Analysis = ) Mmﬂ uu.w w,e.-am'ﬁf
::‘"1""‘ of of Wariance Analysis * Multidimensional -
‘ariance and * Canonical Correlation * Confirmator Scali Group memberhip o . ) o
Covariance * Multiple Discriminant Faclurﬁnagsis B Coe-my destuionsc  FUctarchicsl ooy Clanior sl ot Fooril dncriminast - Henrehien funeal
* Multiple Analysis mmalyein dncriina sy Sactiminat
Regression * Structural Equation - Y i I
* 2-Group Maodeling Nﬂl:.umwww—vﬂrhwmww anabyria wing craltiphe samples The confrmasory procedures

© ANDVA, anatyss of

* Conjoint Analysis

Discriminant/Legit  and Path Analysis ®There are o uniqus confiematory appkcation for ess iherenily xplaratery atiuical seckaiques
[5] e ——— : ANCOVA,




DAKOTA COMMUNITY COLLABORATIVE N

ONTRANSLATIONAL ACTIVITY ® /7« \/ (>~ . W UuUNIVERSITY OF

@@m@lmgi@mg ORI B

R Working with a biostatistician your best, but not only,
option
R Ifyou struggle with a busy schedule, analyzing complex

data, or getting your head around unknown data, there
are a bundle of strategies to help you survive

R Strategies are boilerplate code, flexible models, GUI
usage, tiering methods, cheat sheets, multiple models,
visualization first, data questionaries, and decision
trees

Please take the survey:
Survey: https://und.qualtrics.com/jfe/form/SV_goWw3jNUcqDL8Gy
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