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Motivation and challenges

Motivation:

@ Introductory statistics and mathematics courses for business and
economics students at WU Wien and Universitat Innsbruck.

@ Courses are attended by more than 1,000 students per semester.
@ Several lecturers teach lectures and tutorials in parallel.

@ Need for integrated teaching materials: Presentation slides,
collections of exercises, exams, etc.

@ Different types assessments from the same pool of exercises:
Written exams, online tests, live quizzes, etc.



Motivation and challenges

Challenges: Based on the same pool of exercises. ..

@ Scalable exams: Automatic generation of a large number of
different exams.

@ Flexible rendering: Output for written exams or online learning
management systems, etc.

@ Associated self-study materials: Collections of exercises along
with solutions.

@ Joint development: Development and maintenance in a
multi-author and cross-platform setting.



R package exams

Tools chosen:
@ R for random data generation and computations.
@ IATEX for mathematical notation.
@ IATEX or Markdown for text formatting
@ Sweave or knitr/'rmarkdown for tying everything together.

Exercises:
@ Dynamic templates if R code is used for randomization.
@ Each exercise is a single file (either .Rnw or .Rmd).
@ Contains question and (optionally) the corresponding solution.



R package exams

Answer types:
@ Single choice and multiple choice.
@ Numeric values.
@ Text strings (typically short).
@ Combinations of the above (cloze).

Output:

@ PDF — either fully customizable or standardized with automatic
scanning/evaluation.

@ HTML — either fully customizable or embedded into any of the
standard formats below.

@ Moodle XML.
@ QTI XML standard (version 1.2 or 2.1), e.g., for OLAT/OpenOLAT.
@ ARSnova, TCExam, LOPS, ... (Blackboard under development).



Exercises

Exercise templates: .Rnw or .Rmd files composed of
@ R code chunks for random data generation.
@ .Rnw: Within <<>>=and @.
@ .Rmd: Within **"{r}and " *".
@ Question and solution descriptions contained in sections with
corresponding names.
@ .Rnw: \begin/\end pairs for {question}/{solution}.
@ .Rmd: Question/Solution sections with ####### markup.
@ Metainformation about extype (numeric, multiple choice, . ..),
correct exsolution, a short exname, etc.
@ .Rnw: \extype{mchoice}, \exsolution{01001}, ...
@ .Rmd: extype: mchoice, exsolution: 01001,....
@ Question and basic metainformation is mandatory — everything
else optional. All parts can contain R code chunks or data.

e .Rnw: \Sexpr{...}.
@ .Rmd: 'r ... .



Exercises

Simple geometric example:

@ Computation of the distance between two points p and g in a
Cartesian coordinate system (via the Pythagorean formula).

@ Template dist.Rnw and dist.Rmd contained in exams package.

lllustration:

R> library("exams")
R> exams2pdf("dist.Rnw")



Exercises: dist.Rnw

<<echo=FALSE, results=hide>>=

p <~ c(sample(1:3, 1), sample(1l:5, 1))
q <- c(sample(4:5, 1), sample(1:5, 1))
sol <- sqrt(sum((p - q)"2))

Q

\begin{question}

What is the distance between the two points

$p = (\Sexpr{p[1]1}, \Sexpr{p[2]1})$ and $q = (\Sexpr{ql[1]}, \Sexpr{ql[2]1})$
in a Cartesian coordinate system?

\end{question}

\begin{solution}
The distance $d$ of $p$ and $q$ is given by
$d~2 = (p_1 - q_1)"2 + (p_2 - q_2)"2$ (Pythagorean formula).

Hence $d = \sqrt{(p_1 - q_1)"2 + (p_2 - q_2)"2} =
\sqrt{(\Sexpr{p[11} - \Sexpr{q[1]1})~2 + (\Sexpr{p[2]} - \Sexpr{q[2]})~2}
= \Sexpr{round(sol, digits = 3)}$.

[...]

\end{solution}

4% \extype{num}

%% \exsolution{\Sexpr{round(sol, digits = 3)}}
%% \exname{Euclidean distance}

%% \extol{0.01}



Exercises: dist.Rnw

<<echo=FALSE, results=hide>>=

p <~ c(sample(1:3, 1), sample(1l:5, 1))
q <- c(sample(4:5, 1), sample(1:5, 1))
sol <- sqrt(sum((p - q)~2))
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= \Sexpr{round(sol, digits = 3)}$.

[...]

\end{solution}

%% \extype{num}

%% \exsolution{\Sexpr{round(sol, digits = 3)}}
%% \exname{Euclidean distance}

%% \extol{0.01}



Exercises: dist.Rnw
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Exercises: dist.Rnw

<<echo=FALSE, results=hide>>=
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Exercises: dist.Rnw

<<echo=FALSE, results=hide>>=

p <~ c(sample(1:3, 1), sample(1l:5, 1))
q <- c(sample(4:5, 1), sample(1:5, 1))
sol <- sqrt(sum((p - q)"2))

Q

\begin{question}

What is the distance between the two points

$p = (\Sexpr{p[11}, \Sexpr{p[2]1})$ and $q = (\Sexpr{ql1l}, \Sexpr{ql[2]1})$
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%% \extype{num}

%% \exsolution{\Sexpr{round(sol, digits = 3)}}
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Exercises: IATgX output of Sweave ("dist.Rnw")

\begin{question}

What is the distance between the two points
$p = (3, 4)$ and $q = (5, 2)$

in a Cartesian coordinate system?
\end{question}

\begin{solution}
The distance $d$ of $p$ and $q$ is given by
$d"2 = (p_1 - q_1)"2 + (p_2 - q_2)"2$ (Pythagorean formula).

Hence $d = \sqrt{(p_1 - q_1)"2 + (p_2 - q_2)"2} =
\sqrt{(3 - 5)"2 + (4 - 2)°2}
= 2.828%.

\includegraphics{dist-002}
\end{solution}

%% \extype{num}

%% \exsolution{2.828}

%% \exname{Euclidean distance}
%% \extol{0.01}



Exercises: PDF output of exams2pdf ("dist.Rnw")

@ Problem
What is the distance between the two points p = (3,4) and g = (5,2) ina
Cartesian coordinate system?
Solution
The distance d of p and q is given by d® = (p1 — q1)? + (P2 — g2)? (Pythagorean
formula).
Hence d = \/(p1 — q1)2 + (P2 — q2)2 = /(8 — 5)2 + (4 — 2)? = 2.828.

©o -

o -

< -




Exams: Combination of exercises

Idea: An exam is simply a list of exercise templates. For example, using
statistics exercise templates contained in exams.

R> myexam <- list(

"boxplots.Rnw",

c("confint.Rnw", "ttest.Rnw", "tstat.Rnw"),
c("anova.Rnw", "regression.Rnw"),
"scatterplot.Rnw",

"relfreq.Rnw"

+ o+ o+ o+ o+

Draw random exams:
@ First randomly select one exercise from each list element.
@ Generate random numbers/input for each selected exercise.
@ Combine all exercises in output file(s) (PDF, HTML, ...).



Exams: Combination of exercises

Interfaces: exams2pdf (), exams2html (), exams2moodle (),
exams2qtil2(), exams2nops (), exams2arsnova(), ...

Workhorse function: Internally, all interfaces call xexams () that
handles (temporary) files/directories and carries out four steps.
@ Weave: Each .Rnw/.Rmd exercise is weaved into a .tex/.md file.
Default: xweave () which calls Sweave () or knit ().
© Read: Each resulting . tex/.md file is read into an R list with
question, solution, metainformation. Default: read_exercise ().
© Transform: Each of these exercise-wise list objects can be
transformed, e.g., by converting IATEX text to HTML or Markdown
to IATEX etc. Default: No transformation.
© Write: The (possibly transformed) lists of exercises can be written
out to one ore more files per exam in an output directory. Default:
No files are written.



Exams: Transformers

Transformer functions:

For IATEX to HTML: lan H. Hutchinson’s TtH (TgX to HTML)
package (tth in R). Mathematical notation is either represented
using MathML (ttm), requiring a suitable browser (e.g., Firefox or
Safari), or plain HTML (tth).

Alternatively: John MacFarlane’s pandoc package (rmarkdown in

R) with various options for rendering mathematical notation
(including MathML).

@ For Markdown to HTML or ITEX: pandoc only.
@ In either case: No IATEX installation needed, but also limited to

IATEX commands supported by TtH or pandoc, respectively.

Links to dynamically generated data can be easily included, e.g.,
\url{mydata.rda} (.Rnw) or [mydata.rda] (mydata.rda)
(.Rmd).



Exams: PDF output

exams2pdf ():

@ The write step embeds all questions/solutions into (one or more)
master IATEX template(s).

@ IATEX templates control whether solutions are shown, what the title
page looks like, etc.

@ Compilation of each exam via pdflATEX (called from within R).

A single exam is popped up in a PDF viewer:
R> exams2pdf (myexam, template = "exam")

Multiple exams are written to an output directory:
R> odir <- tempfile()

R> set.seed(1090)

R> exams2pdf (myexam, n = 3, dir = odir,

+ template = c("exam", "solution"))



Exams: PDF output

R University
Statistics Exam 2015-12-02

Exam ID 00001

tuc

Signature:

vodw oo e
LT T T T
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o o dededel]
OeJeJeJe]

5@ ®

Statistics Exam: 00001 2

1. I the following figure the distribuions of a varable given by o samples (A und B) aro
(Comment:

The statements are ithe abou correct or cleary wrong,)

T T
A 8

(a) The locaton of both distributions is about e same.
(b) Both distribuions contain no outers.
(6) The spread in sample A is cleary bigger than i B.
6) The skewness of both samples is simiar
(6) Distrbuton A s about symmetrc.
2. A machine fls milk nto 500l packages. It s suspected tha the machine i not working
‘omacty and tha the amount of milk fled difers from the salpoint g - 500. A sample of
26 packages fied by the machine are collcted. The sample mean 7 & equal (0 4.7
‘and the sample variance 5 is equal 0 576.1
st the hypothesis that the amount filed corresponds on average fo the setpoin. Wh fs
the absolute value of he  test stalstc?
For 48 fims the number of employess X and the amount of expenses for continuing ect
cation ¥ (in EUR) were recorded. The saistical summary of the data se s given by:

— L
R
varance | 12606

“Tho correlaion batwoen X and Y is equalfo 0.65.
Estimate the expocted amount of money spent for continuing educaton by a irm with 60
‘omployees Using leas! squares regression.




Exams: PDF output (NOPS)

exams2nops ():

Calls exams2pdf () internally.

Standardized and internationalized IATEX template is generated on
the fly.

Intended for single-choice and multiple-choice questions.

Can be scanned and evaluated automatically within R.

Limited support for open-ended questions that have to be marked
by a person.

A single exam is popped up in a PDF viewer, multiple exams are written
to an output directory:

R> set.seed(1090)
R> exams2nops (myexam[-(2:3)], n = 3, dir = odir)



Exams: PDF output (NOPS)

4+ RUniversity
Exam 2015-12-02

Personal Data

Regisiration Number

Famiy Name

Given Narme:

T

In this section no changes or modificatons
must be made!

(D EBamb
[005 | [ 15120200001 |

Scrambiing

Please mark the bores carefully: B8 Not marked: [ or B

«OJOoo0obDoOoogds
sOO0D0OoOoas

please use a blue or biack pen

Exam: 15120200001 '

1

In the following figure the istibutons of a variable given by two samples (A und B) are
Whicn (Comment
The satements are aithe abou cortect or cleary wrong,)

—i—

A e

(a) The location of b disibutons s about the same.
b) Both distributons contain no outiers.

(e) The spread in sample A s cleary bigger than in B
d) The skewness of both samples is simiar.

(e) Distruton As about symmetrc

he following Which of

a) The slope of the regression e s about 1
(b) The standard deviaton of ¥ is atleast 6




Exams: HTML output

exams2html ():
@ In the transform step, IATEX/Markdown text is converted to HTML
using either TtH or pandoc.
@ The write step embeds everything into HTML templates and writes
out one HTML file per exam.
@ Also useful for quickly checking whether an exercises is processed
correctly.

A single exam is popped up in a browser, multiple exams are written to
an output directory:

R> set.seed(1090)
R> exams2html (myexam, n = 3, dir = odir)



Exams: HTML output

File Edit View History Bookmarks Tools Help

Exam 1 “ % ‘
[ ] file:///tmp/RtmpjjlbQ@z/file2c8d10dbc901/plainl. html v 3] [:gv Q] &
Exam 1
1. Question

In Figure the distributions of a variable given by two samples (A und B) are represented by parallel boxplots. Which of the
following statements are correct? (Comment: The statements are either about correct or clearly wrong.)

o z

- 1

84 _

I I

2

o |

8 H

g | N

' T T
A B

Figure 1. Parallel boxplots.

. The location of both distributions is about the same.
. Both distributions contain no outliers.

. The spread in sample A s clearly bigger than in B.
The skewness of both samples is similar.

. Distribution A is about symmetric.

mooop



Exams: Moodle XML

exams2moodle() :
@ All IATEX/Markdown text is transformed to HTML.

@ Rather than writing out one file per exam, a single Moodle XML
file encompassing all exams is produced.

@ All supplementary materials (graphics, data, etc.) are embedded
into the HTML code directly using Base64 encoding.

@ The resulting .xm1 file can be easily imported into a question bank
in Moodle and then be used within a Moodle quiz.

Multiple replications are written to a single XML file in the output
directory:

R> set.seed(1090)
R> exams2moodle(myexam, n = 3, dir = odir)



Exams: Moodle XML

File Edit View History Bookmarks Tools Help
| #1155 Quiz [+ v

QJ @

& [™h]138.232.202.120/mod/quiz/attempt php?attempt=2 ve

You are logged in as Nikelaus Umlauf (Logaut)

R exams course
Home » Rexams » 20 November - 26 November » JSS Quiz » Preview

Quiz navigation Question 1. In Figure the distributions of a variable given by two samples (A und B) are represented by parallel boxplots. Which of

Bl Hotyetamswered  the following statements are correct? (Comment: The statements are either about correct o cleary wrong.)
3(a]5

Warled out of 100

Finish attempt
' Flag question —_—
| Start a new preview |
St Editquestion

o | '
Navigation =) !
o
Home § —
= My home 2
Site pages
pag 0 |
My profile Dl
Curent course :
Rexams
9] |
Participants @ :
Reports ]
General |
9 -
20 November - 26 @
November T T
|75 Quiz A B
oo
Figure L: Parallel boxplots
Results

27 Novernber - 3 Select one or more:

December [Ja. The Iocation of both distributions is about the same.
4 December - 10

[ v b Both distributions contain no outliers.

11 December - 17 e The spread in sample Ais clearly bigger than in B
December [Jd. The skewness of both samples is similar.

18 December - 24

PRy CJe. Distribution A is about symmetric

25 December - 3L



Exams: QTI

exams2qtil2()/exams2qti21():
@ All IATEX/Markdown text is transformed to HTML.

@ Rather than writing out one file per exam, a single .zip archive is
produced, containing the QTI XML specification (version 1.2 or
2.1) plus supplementary materials (graphics, data, etc.) if any.

@ Base64 encoding is used for graphics by default, but not for other
supplements.

@ QTI (question and test interoperability) is an international standard
for e-learning exams.

@ The .zip files can be easily imported into various learning
management systems, e.g., OLAT/OpenOLAT.

Multiple replications are written to a single zipped XML file in the output
directory:

R> set.seed(1090)
R> exams2qtil2(myexam, n = 3, dir = odir)



Exams: QTI

File Edit View History Bookmarks Tools Help

@ OLAT - OLAT: Course templat... | 4 v
& (@ 138.232.202.96:8080/0LAT-LMS-7.6.0.0/auth/1%3A6%3A1 0776%3A1%: ¥ @] (@ DuckDuckGo Q) @
[0 Home G2 Groups |32 Leaming resaure e [ Graup aeministraian | g User managemen | Adminisuation | o gui_demo JECEIOLAT: Coun... O

et scor: 015

a2
1 cercse P p——
13 Guesiion &
2. Ecercise Question
21, queston &
3. Exercise I Figure the disibuons of 2 variable given by to samples (Aund B) are epresented by parallel boxplos. Which of he
21 Quetion 2 folloving satemens e cortect? (Conment: The statemens are eithr about sorect or leary wiong.)
4 cercse
3. queston & . :
5. Ecercse ki :
53 Question E ;

g4 [ 1

? A H

’ T T

A B

Figure 1: Pasalel boxplos.

[ . The Iocation of both disrbutions s sbout the same.
[ b. Both distibutions contain no outiiers.

[ €. The spread insample A's cleay bigger than in 8
] 4. The skewness of both samples i imilar.

[ =. Disrbution Ais abautsymmetic.




Exams: ARSnova

exams2html ():

@ In the transform step, IATEX text is converted to Markdown using
pandoc.

@ The write step embeds everything into a JSON format and writes
out one JSON file per exam.

@ The JSON file can be imported in ARSnova to create a new
session.

@ Alternatively, questions can be imported into an existing ARSnova
session via RCurl.

@ No proper support for numeric exercises, yet (but under
development by ARSnova team).

Multiple exams are written to an output directory:

R> set.seed(1090)
R> exams2arsnova(myexam[-(2:3)], n = 3, dir = odir)



Exams: ARSnova

File Edit View History Bookmarks Tools Help
tudent - L. ¥ | 4

snova.uibk.ac.at/mol ve| »

Rlexams

in aa by two samples (A und B) are
represented by parallel boxplols. Which of the following statements are correct? (Comment: The
statements are either about correct or clearly Wwrong)

o .
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'
1
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gI,
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A B

O The location of bathdistributions is about the same.




Discussion

Package exams:

Framework for automatic generation of simple (mathematical or
statistical) exams and associated self-study materials.

Based on independent exercises in .Rnw/.Rmd format which can
be compiled into exams (or other collections of exercises).

Version 1 (Griin and Zeileis 2009) only supported PDF output,
version 2 (Zeileis et al. 2014) added a toolbox for various output
formats, recent versions add support for Markdown and pandoc.

Contributing to the pool of exercises only requires knowledge of
Sweave/knitr and minimal markup for metainformation.

For a first session employ exams_skeleton() which copies
demo scripts, exercises, and templates into a working directory.

Hosted on R-Forge, providing a support forum:
http://R-Forge.R-project.org/projects/exams/


http://R-Forge.R-project.org/projects/exams/

Discussion

At Universitat Innsbruck:

Large-scale courses with OpenOLAT support.

Team of about 5-10 persons (professors, lecturers, student
assistants) contribute to the pool of exercises.

During the semester, several online tests (and self tests) are
carried out in OpenOLAT (via exams2qti12) using numerical and
multiple-choice exercises.

Written exams (via exams2nops) are carried out using
single-choice exercises. Results are scanned (via nops_scan)
and automatically evaluated (via nops_eval). Individual HTML
reports are uploaded for each student into OpenOLAT.
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