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PREFACE

JASP stands foMS T ¥ NB & Qa ! YI T A yiB redognitiah JofitlieApDreer bfNERyBdEh Y
inference Sir Harold Jedfys. This is tee multi-platform opensource statistics package, developed
and continually updatetby a group of researchers at the University of Amsterdam. Their aim was to
develop a free, opesource programme that includes bottequentist, Bayesiaand more advanced
statistical techniques with a major emphasis on providing a simple intuitive user interface.

In contrast to many statistical packages, JASP provides a simple drag and drop interface, easy access
menus, intuitive analysis with reime computation and display of all results. All tables and graphs

are presented in APA format and can be copied directly and/or saved independently. Tables can also
be exported from JASP in LaTeX format

JASP can be downloaded free from the webiites://jasp-stats.org/and is available for Windows,

Mac OS dndLinux. You can also download a{metalled Windows version that will run directly from
a USB or external hard drive without the need to install it locdlhe WIX installer for Windows

enables you to choose a fafor the installation of JAS® however, this may be blocked in some
institutions by local Administrative rights.

The programme also includes a data library with an initial collection of ovea&®es from Andy
Fields book, Discovering Statistics using IBM SPSS stagistickhe Introduction to the Practice of
Statisticé by Moore, McCaband Craig.

Since May 2018 JASP can also be run directly in your browser via volpput having to istall it
on your computer(https://www.rollapp.com/app/jasp. Howeverthis may not be the latest version
of JASP.

Keep an eye on the JASP site since there are regular updates as well as helpful vidéas post4!

Please note that the underlying concepts of Bayesian analyses are not covered in this book since
there many other books and reviews that cover these in much more depthome easy reading
papers withreferenceto JASP are listed on the next pagrhis is a collection of standalone handouts
covering the most commorBayesianstatistical analysesavailablein JASP fostudents studying
Biological Sciences. Datasets used in this document are available for download from
https://osf.io/8qtu2/

I would also like to acknowledge both EJ Wagenmakers and Johnny van DoorrlJaivibesity of
Amsterdam for their support, idepth advice and help in compiling this guide.

DrMark GossSampson
Centre for Science ardedicine in Sport & Exercise
University of Greenwich

L A Field. (2017piscovering Statistics Using IBM SPSS Staiti€&d.) SAGE Publications.
2D Moore, G McCabe, B Craig. (20htioduction to the Practice of Statisti¢ath Ed.) W H Freeman.
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RECCOMENDED EASY READING

Wagenmakers, EL., Marsman, M., Jamil, T., Ly, A., Verhagen, A. J., Love, J., Selker, R., Gronau, Q. F.,
~YNN} 2 adr 9LALlIYLE { o2 al (1 |B8Esiab iderenvedodzR SNE WP
psychology. Part I: Theoretical advantages and practical ramificati®sychonomic Bulletin &

Review, 253557.

Wagenmakers, Elet al (2018. Bayesian inference for psychology. Part II: Example applications with
JASPPsychonomic Bulletin & Review, 88-76. Preprint).

Quintana, D. S., & Williams, D. R. (2018). Bayesian alternatives foracomulthypothesis
significance tests in psychiatry: A rtathnicalguide using JASBMC Psychiatry, 2018 (18)78.
DOl 10.1186/s128880181761-4. (Open Access

Van Doorn J et al (2019The JASP Guidelines for Conducting and Reporting a Bayesian Analysis
https://psyarxiv.com/ygxfr
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USING THE JASP ENVIRONMENT

Open JASP.

The main menu can be accessed by clicking on théetbjzon.

[N Y +

4 JASP

* Free:

® Friendly:

* Flexible:

Welcome to JASP

1dly, and Flexible

JASP is an open-source project with structural support from the University
of Amsterdam.

JASP has an intuitive interface that was designed with the user in mind.
JASP pffers standard analysis procedures in both their classical and Bayesian

manifestations.

So open a data file and take JASP for a spin!

and a number

then check back tom

Open

Save

Save As

Export Results

Export Data

Sync Data

Close

Preferences

About

Recent Fies

Computer

Data Library

Open

JASP has its owijasp format but can open a variety of
different datasetformats such as:

.csv(comma separated valuesan besaved in Excel
.txt (plain text) also can be saved in Excel

.tsv (tab-separated valuesjlso can be saved in Excel
.sav(IBM SPSS data file)

.0ds (Open Document spreadsheet)

v
= =4 =4 4 -4

You canopen recent files, browse your computer files,
access the Open ScmmFramework (OSF) oopen the
wide rangeof examples that are packaged withe Data
Library inJASP.

hhu&sfpwﬂwwhﬁawv]

Open Cancel
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Open

Save As

Export Results

Export Data

Sync Data

Close

Preferences

About

Computer

>

Preferences:

Save/Save as

Using these options the data filany annotationsaind the analysis
can be saved in the .jasp format

Export:

Results can be exported to &TML file

Data can be exported to either a .csv or .txt file
Sync data:

Used to synchronize with any updates in the current data file (also
can use Ctrl)

Close:

As it states it closes the current file but not JASP

There are threesections that users can use to tweak JASP to suit their needs

Results

Advanced

Data Preferences o

Synchronize automatically on data file save

Import threshold between Nominal or Scale == 1 +

Missing Value List

Use default spreadsheet editor

Select custom editor  C:fProgram Files/Microsoft Office/Officel5/EXCEL.EXE

NaN
nan

NA

Reset

In the Data Preferencesection users can:

1 Synchronize/update the data automatically when the data file is sédefhult)

= = =4

Set the default spreadsheet editor (i.e. Excel, SPSS etc)
Change the threshold so that JASP more readily distinguishes between nomisabéndata
Add a custom missing value code

8| Page
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Data

Results

Advanced

Results Preferences

Table options

Display exact p-values

Fix the number of decimals

Plot options

Use PPI of screen in plots: 26

Custom PPL: ==

Image background color
O White

Transparent

3200

+

In the Results Preferencesection users can:

9 Fix the number of decimals for data in tabteshakes tables easier t@ad/publish
1 Change the pixel resolution of the graph plots
1 Select when copying graphs whether they have a white or transparent background.

Themes

© Light Theme
Dark Theme

User Interface options

Preferred Language

Choose Language  English v

Miscellaneous options

= 100 <

Scrol speed (pix/s): == 800 =

Safe Graphics Mode

Use Native File Dialogs

In the Interface Preferencesection usergan now pick between two different themes; a light theme
(default) and a dark theme. The preferred language currently supports English and Dutch only. In this
section, there is also the ability to change the system font size for accessibility and the scroll speeds.

In theAdvanced Preferencesection mostuserswill probably never have to change any of the default

settings.

JASR, Bayesian Inference. Dr Mark G&&ampson
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Comparison of the dark and light themes in JASP

T L Had™ LEE°

Descriptives  T-Tests " Descriptives  T-Tests
I

Bayesian Correlation P> Bayesian Correlation

Correlation ¥ Correlation
% Shot Score A % Shot Score 12
% Ball Speed % Ball Speed
% Launch Angle % Launch Angle
% Back Spin % Back Spin
%, Distance % Distance

Correlation Co » | Correlation Coefficient
Pearson Pearson
Spearman
Kendall's tau-b Kendal's tau-b

Alt. Hypothesis
O Correlated

Correlated positively Correlated positively

Correlated negatively

Correlated negatively

JASR, Bayesian Inference. Dr Mark G&&ampson
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JASP has a streamlined interface to switch between the spreadsheet, analysis and results views.

p—
Y Descriptive Statistics 09000 esults
Variables I e
escriptive Statistics
% Varable
- -
5 5 Descriptive Stafisfics
Variable
Group 1 Group 2
Valid 35 495
Missing 0 0
Mean 16.021 18787
Std. Deviation 5.424 7.040
Minimum 1.100 0.200
Maximum 35800 36.900
> “
fEoxplots
Fplt Variable
& Group
. -
Frequency tables (nominal and ordinal variables) —_—
30 -
Plots
. [}
C@tomizable plots Basic plots e 20
] -
. olor palette Colorblind v Distribution plots . %
: Boxplots Display density : =
Boxplot element Use color palette Correlation plots 10 -
Violin element Label outliers Q-Q plots
Jitter element Pie charts n .
—

The vertical bars highlighteabove allows for the windows to be dragged right or left by clicking and
dragging the three vertical dots B

The individual windows can also be completely collapsed using the right or left arrow igonsd

If you hover the cursor over the ResutY iconappears, clicking on this provides a range of options
including:

1 Remove allnalyses fronthe output window
Removeselected analysis

Collapsethe output

Add notesto each output

Copy

Copy special (LaTeX code)

Save image as

= =4 =4 4 -8 =9

¢ KS WIRR Yy 2 i %dam@sul® biipit ® Ye ebsilyfagnétated étnn exported to an HTML
file by going to File > Export Results.
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B I U%®% Normal 2 2= A K O x, X! 9 EE Normal = T

The Add notes menu provides many options to change text font, colour size etc.

Bayesian ANOVA

Model Comparison

Models POV P{M|data) BF BF g rror %
Group 0.500 1.000  1.425e+22 1.000
Mull model 0.500 7.016e-29 7.016e-29 7.016e-29 650726

One-way Bayesian independent ANOWVA

You can change the size of all the tables and graphs aslrgincrease) ctr(decrease) ctrl= (back
to default size)Graphs can also be resized by dragging the bottom right corner of the graph.

As previously mentioned, all tables and figures are APA standard and can just be copied into any other
document.Since all magescan be copied/saved with either a white transparentbackground. This
can be selected in Preferences > Advanced as described earlier.

There are many further resources on using JASP on the wélisite//jasp-stats.org/

12| Page
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DATA HANDLING IN JASP

For this section open England injuries.csv

All files must have a header label in the first row. Once loadedjadtesetappears in the window:

Y | # Opponent |\ Injuries | =
1 Japan 4
2 Japan 1
3 Japan 3
4 Japan -]
5 Japan 2
& Japan 3
7 Japan 4
] Japan 1]
g Japan 5
10 Japan 2
11 Japan 2
12 MNew Zealand 2
13 MNew Zealand 4

For largedatasetsthere is a hand icon which allows easy scrolling through the d@

On import JASP makes a best guess at assigning data to the different variable types:

Nominal ‘ Ordinal ‘ Continuous\

If JASP has incorrectly identified the data type just click on the appropriate variable data icon in the
column title to change it to the correct format.

h *} Opponent %Bﬂun’eg

* Scale
Japan 1
= P al Ordinal |
3 Japan 3 & Mominal

If you have coded thdata, you can click on the variable name to open up the following window in
which you can label each codEhese labels now replace the codes in the spreadsheet Viewau
save this as gaspfile these codesas well as all analyses and note#l| be savedautomatically.This
makes the data analysis fully reproducible.

13| Page
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In thiswindow, you can also carry out simple filtering of data, for example, if you untick the Wales
label it will not be used in subsequent analyses.

Clicking this icon in the spredu=et windowopensa much more comprehensive set of data

filtering options:

%G.e
& Cou...ode
& Number of... Injuries

U

Welcome to the drag and drop filter!

+-*m A% =< <>2AV | -

Iyl

oy

o’y

2y

[1v
min(Y)
max(y)
mean(Y)
round(Y)
length(Y)
median(y)

Using this option will not be covered in this document. For detailed information on using more
complex filtersefer to the following link:https://jasp-stats.org/2018/06/27/howto-filter-your-data

in-jasp/

JASR, Bayesian Inference. Dr Mark G&&ampson
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By default, JASP plots data in the Value order (4. The order can be changed by highlighting the
label and moving it upr down using the appropriate arrows:

Filter | Value | Label " |[ || Moveup
1 Tonga
“:; 3 New Zealand « || Move down
3 France
5 a Wales Tl || Reverse order
Close
X

Injuries

TREY:

| I | |
Wales Tonga New Zealand Japan

Injuries

Injuries
N £ [«2]
L 1 ]
Injuries
L8] E-Y
L 1

Japan  New z'eaéag;one nTtor'vg.a Wales Opponent
Filter Value Label Filter Value Label
v Japan Japan \/ Wales Wales
v/ New Zealand New Zealand ‘/ Tonga Tonga
v Tonga Tonga \/ New Zealand New Zealand
v~ Wales Wales v/ Japan Japan

If you need to edit the data in the spreadsheet jdetbleclick on a cell and the data should open up
in the original spreadsheet i.e. Excel. Once you have edited gata and saved the original
spreadsheet JASP will automatically update to reflect the changes that were prageled that you
have not changed the file name
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JASP ANALYSIS MENU

lad™ [2E7 887 X7 ST AN

Descriptives ~ T-Tests ANOVA  Regression Frequencies Factor

Themain analysis options can be accessed from the naatbar. JASPffers a range offrequentist
and Bayesian(parametric and nofparametric) statistics and for the purpose of this guide the
followingalternative Bayesian testre described

Descriptives Bayesian Correlation &egression

1 Descriptive stats I Correlation
T Linear regression

Bayesianl-Tests BayesiarFrequencies
1 Independent  Binomial test
1 Paired 1 Multinomial test
T One sample 1 Contingency tables
BayesianANOVA BAIN
1 Independent 1 Bayesian informative  hypothese
1 Repeated measures evaluation

1 Mixed factor

BY clicking on thd"iconon the topright menu baryou can also access advanced options including;
Network analysis, Met&nalysis, Structural Equation Modelling and Bayesian Summary stats.

Once you have selected your required analysis allpthesiblestatistical options appear in the left
window and output in the right window

JASPhas KS | oAfAGE G2 NBYIFIYS IyR WwWaidl o1 Q GKS NBadz i

> Bayesian ANOVA
> Bayesian Independent Samples T-Test

¥ Bayesian Correlation Matrix 0000

The individual analyses can be renamed using the pen icon or delsiegl the red cross.
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> Descriptive Statistics

> Bayesian Independent Samples T-Test - body mass

¥ Bayesian Independent Samples T-Test-Fatmass @ © O ©

By clicking on the analysis in this list will then take you to the appropriate part of the results output
window. They can also be rearranged by dragging and dropping each of the analyses.

The greertticon produces a copy of thehosen analysis

The blue information icon provides detailed information on each of the statistical procedures used
and a search option.

@) JASP Help — O ¥

Bayesian Independent Samples T-
Test

The independent samples t-test allows the user to estimate the effect
size and test the null hypothesis that the population means of two
independent groups are equal.

Assumptions

+« Continuous dependent variahle.

s The observations in both groups are a random sample from
the population.

« The dependent variable is normally distributed in both
populations.

+ The population variances in the two groups are
homogeneous.

Input

Search for:
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DESCRIPTIVE STATISTICS
Presentation of all the raw data is very difficult for a readevigualiseor to draw any inference on.
Descriptive statistics and related plots are a succinct way of describing and summarising data but do
not test any hypotheses. There are various types of statistics that are used to describe data:

T
T
1
1
T

Measures of central tendency
Measures of dispersion
Percentile values

Measures of distribution
Descriptive plots

In order to explore these measures, lo&xkscriptive data.csvinto JASP. Go to Descriptives >
Descriptive statistics and move the Variable data to the Variables box oigttie

Variables

3 % Variable

Y & Group %, Variable +
1 | Gowp1 26.4 & Group
2 Group 1 B4
3 Group 1 8.5
4 Group 1 229
5 Group 1 21.7
6 Group 1 141
7 Group 1 138
8 Group 1 15
g Group 1 20.5
10 Group 1 21.7
11 Group 1 323
17 Group 1 8.7

The Statistics menu can now be opened to see the various options available.

¥ Statistics
Percentile Values
Quartiles
Cut points for: 4 equal groups

Percentiles:

Dispersion
5. E. mean Std.deviation

MAD MAD Robust

IQR Variance

Range Minimum
Maximurm

Central Tendency
Mean

Median
Mode
sum
Distribution
Skewness
Kurtosis

Shapiro-wilk test

JASR, Bayesian Inference. Dr Mark G&&ampson
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CENTRAL TENDENCY

This can be defined as the tendency for variable values to cluster around a central value. The three
ways of describing this central value are mean, median or mode. If the whole populatmsidered,

we the term population mean medianf modeis used.fla sample/subset of the population is being
analysedthe term samplemean/ median/mode is used. The measures of central tendemecgve

toward a constant value when the sample size is sufficiefiteoepresenttive ofthe population.

In the Statistics optins make sure that everything is unticked apart from mean, median and mode.

Central Tendency
Mean

Median
Mode

Sum

Themean, M or E(17.71) is equal to the sum of all the values divided by the number of values in the

dataseti.e. the average of the values. It is used for describingigoous data. It provides a simple
GKS OSYGNB 2F RAAGNAOGdziAZ2Y

Oy ©6S AYyTFtdzSYOSR KSI gAf @

aidrdradaolrt Y2RSt 27

gl t£dzSQd 1 26SOSNE A d

Themedian, Mdn (17.9) is the middle value #ndataset that has been ordered from the smallest to
largest value and is the normal measure used for ordinal orpaametric continuous data. Less

sensitive to outliers and skewed data

Themode(20.0) is the most frequent value in the dataset and isallg the highest bar in a distribution

histogram

DISPERSION

Cescriptive Statistics
Yariable
Walid 210
Missing 0
Wean 17.71
Median 17.90
Mode 20.00

In the Statistics options make sure thhe following options are ticked

Dispersian
5. E. mean
MAD
IQR
Range
Maximurm

Std.deviation
i MAD Robust
Variance

Minimum

Standard deviation, S or S(8.94)is used taquantify the amount of dispersion of data values around
the mean. A low standard deviation indicates that the values are close ton#an while a high
standard deviation indicates that the values dispersedover a wider range.

JASR, Bayesian Inference. Dr Mark G&&ampson
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Variance(S = 48.1) is anotheestimate of how far the data is spread from the mean. It is also the
square of the standard deviation.

The sandard error of the mean, SH0.24)is a measure ofiow far the sample mean of the data is
expected to be from the true population mean. As theesof the sample data grows larger the SE
decreases compared to S and the true mean of the population is known with greater specificity.

MAD, median absolute deviation, a robust measure of the spread of data. It is relatively unaffected
by data that is nonormally distributed. Reporting median-H/1AD for data that is not normally
distributed is equivalent to mean +8D for normally distributed data.

MAD Robust: Median absolute deviation of the data points, adjusted by a factor for asymptotically
normalconsistency.

IQR- Interquartile Range is similar to the MAIDt isless robus{see Boxplots).
Variance:Variance of the data points

Qredibleintervals (Cl)although not shown in the general Descriptive statistics output, these are used
in many otherstatistical testsTheyare an important concept when looking at Bayesian inference and
are somewhat similar to confidence intervals used in frequentist statiattbeugh their meaning is
very different

Bayesian analyses produce a posterior distributddrthe possible effect values. 95% credible
interval is simply the central portion of the posterior distribution that contains 95% of the va&ies
given the observed data, the effect ha85% probability of falling within this range

Prior and Posterior

data|H1
BF 0 =7.256 median = 0.681
BFy1=0.138 95% Cl: [0.142, 1.253]
data|HO
2.0
— Posterior
--- Prior | |
1.5 1

Density

I 1 Ll I 1

2.0 -1.0 0.0 1.0 2.0
Effect size o
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QUARTILES
In the Statistics options make sure that everything is unticked apart from Quartiles.

Percentile Values
Quartiles

Cut points for: 4 equal groups

Percentiles:

Descriptive Statistics

“ariahle
Yalid 210
Missing 0
25th percentile 13.05
50th percentile 17.80
T5th percentile 22.30

Quartiles are wheralatases are split into 4 equal quarters, normally based on rank ordering of

median values. For example, in this dataset

1/1[2]2]|3]3|4]4|4]4] 5

67| 8 |

819

10| 10| 10

25% 50%

75%

The median value that splits data by 50% = 50th percentile = 5

The median value of left side = 25th percentile = 3

The median value of right side = 75th percentile = 8

From this thdnterquartilerange (IQR) range can be calculated, this is the difference between the 75th
and 25th percentiles i.e. 5. These values are used to construct the descriptive boxplot$ tetdQR
can also be shown by ticking this option in the Dispersienu.

JASR, Bayesian Inference. Dr Mark G&&ampson
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DESCRIPTNAEOTS IN JASP
JASRanproducea rangeof descriptiveplots:

¥ Plots

Customizable plots
Color paletta  Colorblind v

Boxplots
Boxplot element Use color palette
Violin element Label Outliers
Jitter element

Scatter Plots
Graph above scatter plot
O Density
Histogram
None
Graph right of scatter plot
O Density
Histogram
None
Add regression line
O Smooth
Linear
Show confidence interval 95

Show legend

Basic plots
Distribution plots

Display density
Correlation plots

Q-Q plots
Pie charts

%

Again using Descriptive data.cswvith the variable data in the Variables box, go to the statistics
options and under Plots tick Distribution plpBoxplotsc BoxplotElementand QQ plots

Distribution plots

The Distribution plot is based on splitting the data into frequency bins, this is then overlaid with the
distribution curve. As mentioned before, the highest bar is the mode (most frequent value of the
dataset In this case the curve looks approximately symmetrical suggesting that the data is

approximately normally distributed. The second distribution plot is from another dataset which shows

that the data is positively skewed.
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Density

[ T T T 1
0 10 20 30 40

Variable

Density

Boxplots

The boxplotyisualiseseveralstatistics described above in one plot:

1 Median value
1 25 and 75% quartiles
1 Interquartilerange (IQR) i.e. 759%25% quartile values
T Maximum and minimum values plotted with outliers excluded
9 Ouitliersare shownif requested
Outlier
Maximum value — =
=  Top 25%
75% quartile =
Median value — IOR

J\

25% quartile

- Bottom 25%

Minimum value —
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Go back to the statistics options, in Descriptive plots tick both Boxplot and Violin Element, look at how
the plot has changed. Next tick Boxplot, Viddimd Jitter Elements. The Violin plot has taken the
smoothed distribution curve from the Distributiorgp, rotated it 9¢ and superimposed it on the
boxplot. The jitter plot has further added all the data points.

Boxplot + Violin plot Boxplot + Violin + Jitter plot

A QQ plot(quantile-quantile plo) can be used to visualfssess if a set of datwmesfrom a normal
distribution. QQ plots takethe sample data, sort it in ascending order, and then plot thegainst
guantiles(percentiles)calculated from a theoretical distributiotf the data is normally distributed,
the pants will fall onor close tothe 45-degree reference line. If the data is not normally distributed,
the points will deviate from the reference line.

Q-Q Plot
Variable

4 -

Standardised Residuals
o
|

| | | T |
-4 -2 0 2 4

Theoretical Quantiles
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Scatter plots

JASP v0.12 introducekle ability to produce scatterplots of various types d@ade able to include
smooth or linear regression lines. There are also options to add distributions to these either in the

form of density plots or histograms.
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Pie charts
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.oooo r
5 oo” o s

80 85 90 95

Also introducedwvas the ability to plot piecharts when working with categorical or other frequency

data.

Surface

0/100 Surface
Astroturf
Clay
Grass

Customizable plots

Color palette Colorblind b
Plot colour palettes Boxplots
Users can choose from between 5 different colo Boxplot element Use color palette
palettes using the droplown menu Violn element Label Outiers
Jitter element
25| Page

JASR, Bayesian Inference. Dr Mark G&&ampson



SPLITTINGATA FILES
If there is a grouping vable (categorical or ordinal) descriptive statistics and plots can be produced

for each group. UsinDescriptive data.cswith the variable data in the Variables box now add Group

to the Split box.

Density
Density

I T T T !

0 10 20 30 40
Variable
40
30
@Z
S 20
@
==
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|
Group 1
Group
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Variables
\ Yariable o e
Descriptive Stafistics
Variable
Group 1 Group 2
Valid 315 495
Mizsing 0 o
Mean 16.021 18.787
Median 15.800 19.400
MAD 4200 5.000
Minimurm 1.100 0.200
il | Maximum 35.800 36.8900
Split
&; Group o

10

¢ ¢

|
Group 2

T
20

Variable
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EXPLORING DATA INTEGRITY

Sample data is used to estimate parameters of the population whereby a parameter is a measurable
characteristic of a population, such as a mean, standard deviation, standard error or confidence
intervals etc.

What is the difference between a statistic andparameter? If you randomigolled a selection of
students about the quality of their student bar and you find that 75% of them were happy with it. That
is a samplestatistic since only a sample of the population were asked. You calculated what the
population was likely to do based on the sample. If you asMethe studentsin the university and
90% were happy you haveparametersince you asked the whole university population.

Biascan be defined athe tendency ofa measuremento over or underestimate the value of a
population parameter. There are many types of bias that can appear in research design and data
collection including:

9 Participant selection biassomebeing more likely to be selected for study than others

9 Participant exclusion biasdue to the systematic exclusion of certain individuals from the
study

1 Analytical bias due to the way that the results are evaluated

However statistical bias can affect a) parameter estimates, b) standard errors and confidence intervals
or c) test statistics andvalues. So how can we check for bias?

IS YOUR DATA CORRECT?

Outliers are data points that are abnormally outside all ottata points. Outliers can be due to a
variety of things such as errors in data input or analytical errors at the point of data collection Boxplots
are an easy way teisualisesuch data points where outliers are outside the upper (75% + 1GR)

or lower(25%- 1.5* IQR) quartiles

Boxplots show:

 Medianvalue

25 & 75% quatrtiles

IQRC Inter quartile range
Max& min valuesplotted
with outliers excluded

9 Ouitliers shown if requested

=a =4 =4
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