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1 Introduction

Some general information:
¢ When chapter 1 exists, then chapter 2 has to exist.
* When chapter 1.1 exists, then chapter 1.2 has to exist.

and so on...

Either you write an introductory text to each chapter or your leave it out and directly start with
subsection 1.1, 1.2,...,2.1, 2.2 and so on. Independently of the way you choose (ask your advisor

(supervisor)) be consistent!

A page does not end with a header or with a header and just one line of text! A pagebreak will
be inserted by “\pagebreak”.

Mention the software and/or programming language you work with!

The computations have been done in R (version: R-4.1.2) (R Core Team 2021a) with the RStudio
version 2021.9.2.382 (RStudio Team 2022).

2 Writing texts

2.1 Language

German or (British or American) English — Do not mix languages up!!!

To switch the language to German, change the parameters in the YAML Header to the following
values.

# Language Options
german: true
lang: de-de

For British English:

# Language Options
german: false
lang: en-gb

For American English:

# Language Options
german: false
lang: en-us
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2.1.1 Literary language

Write full sentences.

* Write as precise as you can (but do not use words that seems to be precise but which are
not, e.g. “different” states (better: name the states)).

* Do not use abbreviations, e.g. instead of “I'll examine...” write “I will examine...”.

Avoid using:
— modal verbs (would, should, could etc., dt.: sollen, konnen, etc.),
- “man” (when you write in German),

- "/” (e.g. “This results in considering the code/program...” (use either “code” or
“program”)) and

— superlatives (when you use superlatives references are essential).
2.1.2 Punctuation marks

When you want to emphasize one or more words use make them italic (do not use quotations
marks (“...”) since quotations marks indicate citations), e.g.:

“Before introducing the user interface that was developed competing apps with similar user
interfaces that have been published over the last five years will be presented in section...”

Table 1: Meaning of punctuation marks in English vs. in German.

symbol English German

, cutting point (e.g. 100,000 €) decimal point (e.g. 10,3 kg)
decimal point (e.g. 10.3 kg)  cutting point (e.g. 100.000 €)

Table 1 shows the differences concerning the meanings of punctuation marks when you write
texts in English vs. in German.

2.1.3 Terms in different languages

When there is a specific English term like user interface (UI) that is important for the under-
standing of your paper (since some functions are named checkUI(), designUI() etc.) which is
written in German, you can do the following:

“Die Benutzeroberfldche (engl. user interface (UI)), die im Rahmen dieser Arbeit entwickelt
wurde, ldsst sich gliedern in...”

or the other way around, e.g.

“In this paper a german data set which deals with life expectancy (dt. Lebenserwartung) will be
considered by...”

2.1.4 Writing in English

Attention: There are some differences between writing in American English (AE) and in British
English (BE), e.g.:
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e summarize (AE) vs. summarise (BE),
¢ optimization (AE) vs. optimisation (BE)
(Dictionaries like LEO and PONS show you both alternatives.)

— Talk to your advisor which form to take and be consistent!
2.1.5 Abbreviations

When you introduce an abbrevation, e.g. Ul:

¢ Write down the full name when you use Ul for the first time, e.g. “Based on the user
interface (UI) that was developed by ...”

¢ Then in the following of your text it is sufficient to write UI instead of user interface.

2.2 Bullet points and enumerations

Structure your text by making use of bullet points and enumerations.

¢ When you write about the topic of your thesis, make use of the following phrases
— This thesis deals with. ..

- This paper is about. ..

* Here are some phrases based on Hrdina & Hrdina (2009) in order to write about the aim
of a thesis

— The purpose of this paper is. ..

— We focus on. ..

If the ordering of your enumerations plays a role, you will use numbers and letters, e.g. The R
project that has been developed is composed of:

1) the main program called...,
2) aseparate description file...,
3) the following functions
3.1) ProjRead () which calls further functions named
3.1.1) ProjReadConc() and
3.1.2) ProjReadConverte(),
3.2) ProjCalc() and
3.3) ProjSave().

Sometimes it is also helpful to use graphics and diagrams instead of or additionally to enumera-
tions in order to illustrate relations and dependencies.

When you integrate colored diagrams (e.g. flow diagrams) in your text and when the color plays
an important role (e.g. functions in the same color belong to each other), it might be helpful to
color also words in your text, e.g.:
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e “The first step of reading in data consists of concatenating the single files with
to one large data set.”

e “Function ProjSave() is used when...”

How to use colors in texts based on the LaTeX package xcolor

3 Figures and tables

3.1 Figures

Create meaningful figures, i.e. everyone has to understand your figures — facilitate it by

* labeling the axes (use scientific notations e.g. e* — R package latex2exp (Meschiari 2022)
and do not forget the units, e.g. weight [kg]),

¢ adding legends,

* using colors to mark lines, points and text if necessary,

¢ adding text in a plot to emphasize e.g. some values if necessary,

* adding a caption (Use distinct captions! Captions always end up with a point.) and

* cross-referencing to figures in your text (otherwise: your figure can be leaved out).
3.1.1 Reference to figures and tables

Cross-reference to tables and figures by using the pattern: \ref{tab: code-chunk-name-table}
and \ref{fig:code-chunk-name-figure} respectively, e.g.

\ref{tab:cars} and \ref{tab:growth-plants-plotl} respectively
3.1.2 R chunk options to create meaningful figures
Name the chunk of your figures and tables in order to refer to that figure and table respectively.
The most frequently used R chunk options for figures are
e fig.cap: to caption the figure,

e fig.height and fig.width (in inches, see R Markdown Cheatsheet): to define the height
and width of the figure (R Studio, Inc. 2014) and

e fig.pos: to define the position of the figure. In order to print out the figures at that
position where they have been defined use the following definition in the global code
chunk:

knitr::opts_chunk$set(fig.pos = "'ht", out.extra = "")

Furthermore, figures should be centered which is done by default.
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Figure 1: Measured growth of plants in cm depending on the time in days (blue dots) compared to
simulated exponential growth (black triangles).

The growth of plants cannot be described by an exponential function but by a polynomial
function as figure 1 illustrates.

Example 2

In order to use the backtick and @ notation (for citation) in the caption of tables and figures, go
the following way:

¢ Define (ref:ID) followed by a caption outside the code chunk and

* refer to your caption in the code chunk by: fig.cap="(ref:ID)".
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Figure 2: Scatterplot of mean ozone in parts per billion vs. solar radiation in Langleys based on the
airquality data set (R Core Team 2021b).

3.2 Tables
Nice tables are created with knitr::kable() (Xie 2021, 2015, 2014).

¢ Use the argument booktabs = TRUE to output a table whose layout consists of three
horizontal lines.

* Apply kableExtra::kable_styling(latex_options = "hold_position") (Zhu2021)
to the table to print out the table at that position where it has been defined.

Table 2: Some Cars based on the mtcars data set (R Core Team 2021b).

mpg cyl disp hp drat wt gsec vs am gear carb

Mazda RX4 21.0 6 160 110 390 2620 16.46 O 1 4 4
Mazda RX4 Wag 210 6 160 110 390 2875 17.02 O 1 4 4
Datsun 710 228 4 108 93 3.85 2320 1861 1 1 4 1
Hornet 4 Drive 214 6 258 110 3.08 3.215 1944 1 0 3 1
Hornet Sportabout 187 8 360 175 3.15 3440 17.02 0 0 3 2
Valiant 181 6 225 105 276 3460 2022 1 0 3 1
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Table 2 contains some values for cars ...

Greek letters in column names are used by setting the argument escape = FALSE as follows:

Table 3: Mean (%), standard deviation (o) and variance (o) of the gross horsepower (hp) of the mtcars
data set (R Core Team 2021b).

X o o?

146.6875 68.56287 4700.867

4 Mathematical notations and outputs and equations

4.1 Mathematical notations

a) When you use variables and mathematical expressions write them in $...$ (LaTeX-notation)
e.g. X.

b) Use Greek letters for parameters, e.g. 0 for the variance.

¢) When you use mathematical notations inside brackets, use $\left(...\right)$ to generate
brackets whose sizes automatically adapt to the content inside the brackets, e.g.:

y = x- (a2 +¢) is not neat, but y = x - <a2 + ex2>.
d) Substitute * by - in multiplications. When you use - in equations, then use it continuously.
e) Use indices if necessary, e.g.

el) y;attime pointst =1,...,n

e.2) and in this formula:

yszi-%+ﬂ- 1)

Cross-referencing to equations is similar to cross-referencing to figures and to tables (see subsec-
tion 3), e.g. “By applying equation (1) to the time series data...”

List of mathematical symbols and their notations in LaTeX

Numbers
e numbers < 10: written in full words
¢ numbers > 10: as numbers, e.g. 11, 102 etc.

¢ number of decimal places: consistent and equal
— rounding to 4 places after decimal point, e.g. instead of 11.00046 — 11.0005

¢ always mention the units (if available)

* use the numbers which are returned by R after doing computations, e.g.

Curie, Curie: 28. June 2022 10
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1 X <- (1/17)
> value <- 1000.6444 x x + 1.2225°13

in your text by using backticks: “The value of the previous computation is 72.4832598.”
But think of rounding to four decimal places. Consequently, “The value of the previous
computation is 72.4833.” results.

For large numbers do not integrate notations such as 1e+06 in your texts, but 10°.

If you have very long equations e.g.

1 1
z:2—|—x1-3—|—x2'E+x3o0.8—|—X4-1.1—|—x5-12—|—x6-1.9—|—x7-0.5—|—x8'2—|—X9-1.2—i—x10—|—x11oE—i—le—i—xlg-:

use the aligned environment like this

1
z:2+x1-3+x2E+X3-0.8—|—x4-1.1—|—x5-12—|—x6-1.9—|—X7-0.5+x8-2—|—x9-1.2—|—
2)

1
x10+xll‘ﬁ+x12+xl3'x2

or like this
1
z2=24+x1-34+x—+x3-084+x4-1.14+x5-124+x6-1.94+x7-054+xg-2+ x9-1.2+

12 3)

1
x10+X11'TO+X12+x13'X2

to enforce a line break.

4.2 Summaries in general and of linear models

Table 4: Summary of mean ozone in parts per billion (ppb) and solar radiation in Langleys of the data set
datasets::airquality (R Core Team 2021b).

mean Ozone [ppb] Solar radiation [Langleys]

Min. 1.0000 7.0000
1st Qu. 18.0000 113.5000
Median 31.0000 207.0000
Mean 42.0991 184.8018
3rd Qu. 62.0000 255.5000
Max. 168.0000 334.0000
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Linear Models

After describing the variables mean ozone (0zone) and solar radiation (Solar.R) of the
airquality data set (table 4), a linear model with mean ozone as dependent variable and
solar radiation as independent variable is defined in equation (4) based on the results in table 5.

mean ozone = 18.5987 + 0.1272 - solar radiation 4)
A positive relation between solar radiation and mean ozone results from the linear model given

by equation (4).

Table 5: Summary of the linear model with mean ozone (0zone) as dependent and solar radiation
(Solar.R) as independent variable.

Dependent variable:

Ozone
Solar.R 0.127***
(0.033)
Constant 18.599***
(6.748)
Observations 111
R? 0.121
Adjusted R? 0.113
Residual Std. Error 31.335 (df = 109)
F Statistic 15.053*** (df = 1; 109)
Note: *p<0.1; **p<0.05; **p<0.01

5 R Code

¢ When you mention an R function, mention the corresponding R package (the R function
comes from) by using the notation: Rpackage: :Rfunction() (Citation).

* When you make use of a data set from an R package then use the notation:
Rpackage: :dataset (Citation).
* Mention the single arguments by their names, e.g.
1 plot( cey ced)

e Use <- as assigning symbol (e.g. x <- 4),not=,e.g.

1 X_values <- 1:10
> average <- mean( x_values)

* Do not use the same name for functions and variables, e.g. do not use mean as variable
name since mean () is a function.

Curie, Curie: 28. June 2022 12
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—

N G e W N

Integrate white space between operators and the assigning symbol, e.g.

y <- c¢(1, 2.5, 12, 31, 2.5)
res <- x || vy
z <- 3 x 2.5 - (1/17) * sqrt(4.5)

Indent your code (code is automatically indented in RStudio), e.g.

summingValues <- function(x){
summing <- 0
for(idx in 1:length(x)){
summing <- summing + x[idx]

}

return(summing)

}

When your code is not automatically indented in RStudio, then open Tools — Global
options... — code and tick the box Auto-indent code after paste.

Do not use i as index in loops.

Document your R scripts (R files)
- by writing down at least
» the name of the author and the date,
*+ the purpose of the program or function and
+ the meaning of the arguments and return values of the function

- and comment your code.

* Integrate code directly in your texts by using backticks (see subsection 4.1), e.g.

— “The variable y is a vector.” .

— When you want to present the value(s) of a variable, use the backtick notation starting
with an r indicating that the value(s) of the variable will be returned or that some
calculations will be executed within the text, e.g.

* “The variable z takes the value 7.3752165.”

+ “Rounding the value of z to four decimal places leads to 7.3752.”

6 Citation

6.1 First step: Creating entries in the bib-file

In order to create Bib(TeX) entries for R packages use: utils::citation("Rpackage") (R Core
Team 2021a), e.g.:

citation("ggplot2")

##

## To cite ggplot2 in publications, please use:

H#H#

Curie, Curie: 28. June 2022 13
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## H. Wickham. ggplot2: Elegant Graphics for Data Analysis.
##  Springer-Verlag New York, 2016.

##

## Ein BibTeX-Eintrag flr LaTeX-Benutzer ist
##

## @Book{,

## author = {Hadley Wickham},

## title = {ggplot2: Elegant Graphics for Data Analysis},
## publisher = {Springer-Verlag New York},
## year = {2016},

#i#t isbn = {978-3-319-24277-4},

#i# url = {https://ggplot2.tidyverse.org},
# }

— Copy this information (BibTeX-Eintrag) and save it in

a) the already existing references.bib file or

b) a new bib-file (open a new R Script, insert the BibTeX entry and save the file as e.g.
referencesMyPaper.bib).

— Create an ID (key) for the Bib entry like Wickham?2016 (the ID usually consists of the (first)
author and the year of publication).

— Add in the preamble of your R Markdown file bibliography: followed by the name of
your bib-file (references.bib or referencesMyPaper.bib).

— Add the header References or Bibliography to the last page of your R Markdown script.

— Cite the references you have saved in the .bib file by calling their ID (or key) as it is shown
in the following subsection 6.2.

— Every BibTeX entry you have cited in your R Markdown document will be automatically
listed at the end of your document (under References or Bibliography).

Often predefined Bib(TeX) entries already exist, especially for articles and eBooks which can be
accessed by the internet. Also take a look at the KAI of the FHSWEF!

— Do not forget to include the DOI and /or (e)ISBN of the sources you cite!

— Control if no information is missing in the (predefined) Bib(TeX) entries!

Apart from or instead of predefined BibTeX entries, sometimes other formats like RIS files are

available (see https://de.wikipedia.org/wiki/RIS_(Dateiformat) for explanations).

Do not forget to cite

* When you use data that was not collected by you then cite it, i.e. create an entry in the
bib-file for the data (set) and refer to it in your text!

¢ Cite R (R Core Team 2021a) and RStudio (RStudio Team 2022) and mention their versions
you have used!

- You receive predefined BibTeX entries for R and RStudio by calling citation()
(without defining any arguments) (R Core Team 2021a) and RStudio.Version()
respectively.
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— To access the R version: Tools — Global Options... — R General — R version.
What you have to consider when you create Bib(TeX) entries

e authors:

— When several authors exist, they are listed by connecting them with and (indepen-
dently of writing your paper in German or in English).

— When the author is an institution, e.g. named XY Company then use another {.. .}
around the institution’s name in the BibTeX entry:

@book{IDbook,
author = {{XY Company}},

[ R N R

}

e Mutated vowel (dt. Umlaut) (G, 6, ii):
When there is a mutated vowel in the author’s name (e.g. Miiller), title etc. use the
following notation in your bib-file:

@book{IDbook,

title = {A title with an \"a}, # a
author = {M\"uller}, # U

year = {a year},

publisher = {a publisher},

address = {\"Osterreich}, # 0
edition = {an edition}

}

® N o Ul e W N e

Do not cite Wikipedia! Use Wikipedia to get an introduction into a topic! Look at the literature
which is given below in the Wikipedia articles!

6.2 Second step: Using Citations in your texts (as well as in captions etc.)
This template comes with some frequently used references.

Reimpell & Sommer (2014)

Buchwitz (2022)

References can be cited in three different ways:
e Fahrmeir et al. (2016)
¢ Fahrmeir et al. (2016, p. 1058)
¢ (Fahrmeir et al. 2016, p. 1058)

When you want to print out an item to your bibliography (at the end of your paper) but without
citing it (by @) in your text, then call this item in your R Markdown script as follows (leaving
out the @):

\nocite{itemToShowInBibliography} (e.g. \nocite{Zobel2014})
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7 Further formatting

In order to allow that code chunks are indented in lists, in the code chunk singlespacing has
to be set to FALSE, e.g.

This template includes information about

1

2

how to generate figures and tables in R (Markdown),
how to use mathematical notations,

how to work with R code (chunks), e.g.

X <- ¢(1:10, 24:19, TRUE, FALSE)
X

# [1] 1 2 3 4 5 6 7 8 91024 2322212019 1 0O

and a lot more.

In order to adjust the vertical space e.g. between a figure and text, use \vspace{} like
\vspace{0.2cm} or \vspace{-0.2cm}. The former increases and the latter reduces the vertical
space.

Analogously, in order to adjust the horizontal space e.g. between a figure and text, use \hspace{}
like \hspace{0.2cm} or \hspace{-0.2cm}. The former increases and the latter reduces the
horizontal space.

8 Before handing in results

Before you hand in your results:

Clear the workspace of your R environment and run your R scripts (main program,
functions etc.), again! Everything works fine?

Check everything you have written. Any mistakes (concerning grammar, spelling, mode
of expression, in terms of content, etc.) or is something missing?

Check the names of your files (Hand in the PDF-, RMardown-, Bib- and R-files (if neces-
sary)!!!): Are they unambiguous?

Sign the declaration of authorship (ehrenwortliche Erklarung). If the declaration of
authorship has not been signed by you, your paper cannot and will not be graded!!!

Check whether everything that is listed in the checklist has been fulfilled.
Delete unnecessary information (in your code as well as in the template).

Check whether everything is readable and nothing has been truncated in your generated
PDF-document.

Check whether no page ends with only a header or a header and just one line of text!
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9 When you have further questions...

Whenever you have further questions

1) concerning how to work with R Markdown:

1.a) Search the internet: Several questions and answers have already been posted on
plattforms like stackoverflow.

1.b) If you do not find answers to your questions (see 1.a)), search for solutions to solve
the problem in LaTeX. Since LaTeX-packages can also be integrated in R Markdown, this
can be a helpful alternative to solve your problem.

But pay attention: Some problems might result when you mix up the typical
R Markdown-style with the LaTeX-style.

1.c) Do the DataCamp-course Reporting with R Markdown (track Data Scientist).
1.d) See the R Markdown Cheat Sheet (https://www.rstudio.com/wp-content/uploads/
2015/02/rmarkdown-cheatsheet.pdf) (R Studio, Inc. 2014).
2) concerning how to write scientific texts:
2.a) Consider the book by Hrdina & Hrdina (2009) and further literature.
2.b) Take part in courses which are offered by the library.
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A Appendix

When your appendix is short, then it might be enough to list all your figures, tables, code etc. in
the Appendix (no further subsections).

When your appendix is more complex, then your appendix should be structured by defining
subsections etc.

A.l1 R Code

A.1.1 Main program

A.1.2 Functions

A.2 Technical Appendix

Sys.time()

##

[1]

sessionInfo()

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

"2022-06-28 13:28:12 CEST"

R version 4.1.2 (2021-11-01)

Platform: x86_64-w64-mingw32/x64 (64-bit)

Running under: Windows 10 x64 (build 19044)

Matrix products: default

locale:
[1] LC_COLLATE=German_Germany.1252 LC_CTYPE=German_Germany.1252
[3] LC_MONETARY=German_Germany.1252 LC_NUMERIC=C
[5] LC_TIME=German_Germany.1252

attached base packages:

[1] stats graphics

grDevices utils

other attached packages:
[1] stargazer_5.2.3 latex2exp_0.9.0 kableExtra_1.3.4 dplyr_1.0.7

[5] ggplot2_3.3.5

fhswf_0.0.2

datasets

loaded via a namespace (and not attached):

[1]

[5]

[9]
[13]
[17]
[21]
[25]
[29]
[33]
[37]

compiler_4.1.2
viridisLite _0.4.0
gtable_0.3.0
cli_3.1.1
fastmap_1.
stringr_1.
vctrs_0.3.
svglite_2.1.0
rmarkdown_2.14
magrittr_2.0.1

1.
4.
8

1.
2.

pillar_1.7.0
evaluate_0.15
pkgconfig_2.0.3
rstudioapi_0.13
xml2_1.3.3
knitr_1.39
webshot_0.5.3
glue_1.6.1
bookdown_0.26
scales_1.2.0

tools_4.1.2

lifecycle_1.0.1

rlang_1.0.2
yaml_2.2.1
httr_1.4.3

systemfonts_1.0.4

grid_4.1.2
R6_2.5.1
farver_2.1.
ellipsis_0.

0
3.

methods base

2

digest _0.6.29
tibble_3.1.6
DBI_1.1.2
xfun_0.29
withr_2.5.0
generics_0.1.2
tidyselect_1.1.2
fansi_ 1.0.2
purrr_0.3.4
htmltools_0.5.2
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## [41] rvest_1.0.2
## [45] utf8.1.2.2

assertthat_0.2.1
stringi_1.7.6

colorspace_2.0-2 1labeling 0.4.2
munsell_0.5.0 crayon_1.5.1
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