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Statistics related courses

Overview

» BA in Hungarian
» Valdszinliségszamitas és statisztika (Probability and Statistics)
> 400/200 students, 1 lecture 7-8/3-4 computer lab sessions
» Statisztikai modellezés (Statistical Modeling)
» 100/250 students, 1 lecture 2/4-5 computer lab sessions
» Makrogazdasagi adatok stat. el. (Applied Economic Statistics)
> 30-40 students, 1 lecture
» Statisztikai modellezés R-ben (Statistical Modeling in R)
» 20-30 students, 1 computer lab session
» BAin English
» Probability and Statistics
» 60-70 students, 1 lecture 2 computer lab sessions (autumn)
» Business Statistics

> 60-70 students, 1 lecture 2 computer lab sessions (spring)




Main challenges

in case of relatively big classes

» high number of student especially on the Hungarian Programme

» high number of exams, takes a lot of time grading, creating new
problems, datasets etc.
» after midterms students want to check their exams, solutions etc.

» desire to ,force” students to continuously follow the course
material throughout the semester

» in-class short, 5 minute quizzes every lab session
» two Excel-based midterms

» exams at the computer makes cheating easier

One possible solution is personalized exams with Moodle and R.




Personalized midterms
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Personalized midterms

Storing exercise text and data in spreadsheets

The example of estimation/hypothesis testing of the population mean

text text2 mu sigma round
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Personalized midterms

The R-code — generating data and solution

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

2 ## DATA GENERATION

3 szovegek <- read.csv2(file.path(mywd, "exercises™, "prob_stat", "estimation", "mean_est
hip.csv"), stringsAsFactors = FALSE)

4 szovegek <- szovegek[sample(l:nrow(szovegek), 1), ]

5 signLevel <- sample(c(.1, .05, .01), 1)

6

7 n < sample(x = 6:8, size = 1)%5

8 smpl <- round(rnorm(n, szovegek$mu, szovegek$sigma), szovegekSround)
9

10 data <- matrix(smpl, ncel = 5)

11

12 databDisp <- xtable(data, digits = szovegek$round)

13

14 ## CALCULATIONS|

15 m <- mean(smpl)

16 se <- sd(smpl) / sqrt(n)

18 mu0 <- round(m - runif(l, -4, 4) * se, szovegek$round)

20 temp <- (m-mu0)/se
21 tkrit <- -qt((signLevel) / 2, n - 1)

23 pertek < 2%(l-pt(abs(temp), n - 1))




Personalized midterms

The R-code — generating questions, setting tolerances

25 ## QUESTION/ANSWER GENERATION
26 questions <- character(4)

27 solutions <- logical(4)

28 tolerances <- rep(0.0001, 4)

30 questions[1] <- "Mekkora a hipotézisellenérzés soran haszndalt sztenderd hiba nagysaga?"
31 solutions[1l] <- se

33 questions[2] <- paste0("Adja meg a ", 100%signLevel, "\\%-os szignifikancia szinthez
tartozé kétoldalld alternativ hipotézishez tartozd kritikus érték abszoliut értékét!™)
34 solutions[2] <- tkrit

36 questions[3] <- "Adja meg a probafiiggvény empirikus értekét!"
37 solutions[3] <- temp

38

39- if(runif(l) > 0.5) {

40 questions[4] <- "Adja meg a kétoldalu alternativ hipotézishez tartozé p-értéket!™

41 solutions[4] <- pertek

42- 1 else {

43 questions[4] <- "Adja meg az egyoldald kisebb alternativ hipotézishez tartozd p
-értéket!"

44 solutions[4] <- pt(temp, n - 1)

45 }

46 @




Personalized midterms
Output in Moodle

Egy nagyvallalatnal éves TeljesitményErtékelési Rendszer (TER) miikodik. A kitéltéshez sziikséges atlagos id6t kivanjuk
megbecsilni. Véletlenszer(ien kivalasztott 30 munkavallalé esetén mértik ezt az idét.
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22,825,532,224,625,6
a. Adja meg a mintabeli szérast!
b. Mekkora a becslés hibahatara 90%-os megbizhatdsag mellett?

. Adia meg a 90%-0s megbizhatéséai szintl becslés konfidencia intervallumanak alsé hatarat!

Egy nagyvallalatnal éves TeljesitményErtékelési Rendszer (TER) miikodik. A kitdltéshez sziikséges atlagos id6t kivanjuk
megbecsiilni. Véletlenszer(en kivalasztott 35 munkavallalé esetén mértik ezt az idét.

23,828,624,219,931,3

24,823,314,427,023,9

20,323,824,621,217,2

23,433,424,321,226,1

30,628,028,334,423,8

31,224,523,626,330,4

24,326,225,022,624,8

a. Adja meg a mintaatlagot!

b. Mekkora a becslés sztenderd hibajanak nagysaga?




Personalized midterms

The general idea — workflow

Simple example:
Calculate the average of:
a, @y dy 4, 2

We also have to give the
distribution of a:

a,~ N2, 1),
a,~ N3, 2),

..Decomposition” of the exercise:
® parameters: a,, a,, a a, a;
e method: summation, division

Randomisation:
+ Nr. of elements: 5
+ Expected value: [-2, 3, ..]
o Text

e etc.

Translating to R code:
e parameter generation
e texting
e question definition
e solution: (a, +... +a)/n
e tolerance setup

Exams package:
N random exercises
* Output format:
o Moodle xml
o PDF

o

Midterm

Assigning test

Importing to question bank,

categories

=
o
o
o
o©




Personalized midterms

The R-code — generating a midterm

1 source("functions.R™)
2
3 mywd <- getwd()
4 folder <- "exercises/prob_stat/estimation/"
5 exercl6l7oszl <- c("binom.Rnw", "hipgeom.Rnw", "poisson.Rnw", "norm.Rnw", "2valt.Rnw")
6 exercl6l7osz?2 <- c("mean_est.Rnw", "prop_est.Rnw", "prop_hip.Rnw", "f_egyez.Rnw")
7 exercl6l7tavaszl <- c("leiro_stat.Rnw", "binom.Rnw", "hipgeom.Rnw", "poisson.Rnw")
8 exercl6l7tavaszlpot <- c("leiro_stat.Rnw", "binom.Rnw", "hipgeom.Rnw", "poisson.Rnw")
9 exercl6l7tavasz2 <- c("mean_est.Rnw", "mean_hip.Rnw", "paros.Rnw", "prop_est.Rnw", "prop_|
10
11 exerc <- c("mean_est.Rnw", "prop_hip.Rnw", "f_egyez.Rnw")
12
13 myexam <- pasteO(folder, exerc)
14
15 exams2pdf(myexam, n = 20, name = c(paste0(c(sub(".Rnw","" unique(exerc)),"exam"), collaps:
16 paste0(c(sub(".Rnw" ,unique(exerc)),”solution™), colTi
17 encoding = "UTF-8",
18 edir = "exercises",
19 dir = "output",
20 template = c("templates/exam.tex", "templates/solution.tex"),
21 header = Tlist(
22 Date = "2017-09-09",
23 ID = function(i) formatc(i, width = 5, flag = "0")
24 bl
25 )
26
27 exams2moodle(myexam, n = 50, name = c("szeged"),
28 encoding = "UTF-8",
29 edir = "exercises"”,

30 dir = "output™)




As a result

our students face

» very similar question types (let's say one-sample t-test, ANOVA,
estimation and linear regression)
BUT

» different ,stories”

» different questions (give the empirical value vs. give the critical
value vs. give the p-value etc.)

» different datasets

» different numeric solutions

» immediate feedback and results

» possibility to ,flag” questions in Moodle




Summary of our experiences

» results are fairly similar in comparison to previous years
» students do not complain about it, like the quick response
» preparing a midterm takes longer (see R code)

» setting up a question bank is an initial investment

» going through flagged questions is fairly quick

» saving a lot of time with automatic grading

» cheating seems to be harder




Useful links and materials

» https://moodle.org/

» R Core Team (2016). R: A language and environment for
statistical computing. R Foundation for Statistical Computing,
Vienna, Austria. URL https://www.R-project.org/.

» Achim Zeileis, Nikolaus Umlauf, Friedrich Leisch (2014). Flexible
Generation of E-Learning Exams in R: Moodle Quizzes, OLAT
Assessments, and Beyond. Journal of Statistical Software 58(1),
1-36. doi:10.18637/jss.v058.i01

» https://cran.r-
project.org/web/packages/exams/vignettes/exams.pdf

» https://cran.r-project.org/web/packages/exams/exams.pdf
» exams_skeleton function
» abaligetig@ktk.pte.hu, kehld@ktk.pte.hu




