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United Nations (2013)

Principle 1: Relevance, Impartiality, and Equal Access

Official statistics provide an indispensable element
in the information system of a democratic society

[...].

To this end, official statistics that meet the test of
practical utility are to be compiled and made
available

[...]

to honour citizens’ entitlement to public
information.

Fundamental Principles of Official Statistics*

United Mations

The General Assemibiy;,

Recaling recent resclutions' of the
General Assembly and the Economic and
Social Council highlighting the fundamen-
tal importance of official statistics for the
national and global development agenda,

Bearing in mind the oritical mle of
high-guality official statistical information in
analysis and informed policy dedsion-making
in support of sustainable development, peace
and security, as well as for mutual knowledge
and trade among the States and peoples of
an increasingly connected word, demanding
openness and tensparency,

Bearing in mind also that the essential
trust of the public in the integrity of official
statistical systems and confidence in statistics
depend to a lange extent on respect for the
fundamental values and principles that are
the basis of any sodety seeling to understand
itself and respect the rights of its members,
and in this context that professional inde-
pendence and accountability of statistical
agencies are crucial,

Siressing that, in order to be effective,
the fundamental values and principles that
gowern statistical work have to be guaranteed
by legal and institutional fremeworks and
be respected at all political levels and by all
stakeholders in national statistical systems,

Endorses the Fundamental Principles of
Official Statistics sat out below, as adopted by
the Statistical Commission in 19947 and reaf-
firmed in 2013, and endorsed by the Economic
and Soclal Coundl in its resclution 2013/21 of
24 July 201%:

- Gengral Assembly Resclution 80/28] adopted on 25
Jaruary 2004 The “tithes” of the Principles are not
part of the original text.

1 These nchude General Aspembly resclution 84/287
on Weorld Statistics Day and Economic and Social
Councill resohtions 2008AT on the 2010 World
Population and Housing Census Programme, 20088
on strengthening statistical capadity and 2015/3 on
the Fundamental Principles of Official Statistics.

1 For the onginal preamble used on the occasion of
the initial adoption of the Fundamental Principles in
1994, see chapter V' of the mport of the Statistical
Commission on its spedial session { Official Record's
aof the Economic and Social Coundl, 1954, Suppke-

For more information: unstats.un.org

Principle 1: Rafevance Impartiaiity, and Equal Accoss

Official statistics provide an indispensable element in the infor-
mation systemn of a democstic sodety, serving the Gowemment,
the economy and the public with data about the economic, demao-
graphic, sedal and environmental situation. To this end, official sta-
tistics that meet the test of practical utility are tobe compiled and
made available on an impartial basis by official statistical agendes
to honour ditizens’ entitlernant to public information

Principle 2: Proressional Standards, Scientific Principies, and
Professional Eohics

To retain trust in official statistics, the statistical agencies need to

decide acocomding to strictly professional considerations, including

sclentific principles and professional ethics, on the methods and

procedures for the collection, processing, storage and presenta-

tion of statistical data.

Principle 3: Accouncabiifity and Transparency

To facllitate a comect interpretation of the data, the statistical
agencies are to present information according to sclentific stand-
ards on the sources, methods and procedures of the statistics.

Principle 4: Prevention or Misuse
The statistical agencies are entitled to comment on ermoneous
interpretation and misuse of statistics.

Principle 5: sources or Omicial Statistics

Data for statistical pumpaoses may be drawn from all types of
sources, be they statistical surveys or administrative records.
Statistical agencies areto choose the source with regard to guality,
timeliness, costs and the burden on respondents.

Principle 6: confidentiality

Individual data collected by statistical agencies for statistical com-
pllation, whether they refer to natural or legal persons, are to be
strictly confidential and used exdusively for statistical purposes.

Principle 7: Legisiation
The laws, regulations and measures under which the statistical
systemns operate are to be made public.

Principle B: Natfonal Coordnation
Coondination among statistical agencies within countries is essen-
tial to achiewe consistency and efficiency in the statistical system.

Principle 9: Use or International Standards

The use by statistical agendes in each country of intemational
concepts, dassifications and methods promotes the consistency
and effidency of statistical systems at all official levels.



A typical task from a university statistics course

How would you react if the grade you received for an exam is much lower than
you had expected? Research suggests that most students think they can handle
such situations better than their peers, but some students think their coping is
worse than that of their peers.

In this study, participants were asked to read a scenario of a negative event and
indicate how this event would influence their well-being (-5: worsen much, +5:
improve much). Next, they were asked to imagine this same event from the
perspective of a peer. The difference between both judgements was noted.

Suppose that for the sample of n = 25 students the mean difference score was
My=1.28 points (own judgement minus judgement peer) with standard deviation
SD =1.50. Based on these data, can you conclude that there is a significant
difference between the own judgements and judgements of peers? Use a test
with a = .05.



Question 1

How can computers be used to give useful automated
feedback in multi-step hypothesis-testing tasks?

n?
C%éz o o
=

VanLehn, 2011



The test variable p is

Null hypothesis is

Alternative hypothesis is

Significance level is

Multi-step hypothesis testing task

Choose

Choose

Choose

Choose

The population parameters (temperatures in the 20th century) are:

Mean u=|

°C Round off to 2 decimals.

Standard deviation g =

°C

Under the assumption that the null hypothesis is true, the data from the 21st
century can be regarded as a sample. The sample parameters are:

Mean m=

Sample size n =

°C Round off to 2 decimals.

Under the assumption that the null hypothesis is true, according to the /n -rule
the mean of 31 temperatures is normally distributed with:

Mean U=

°C Round off to 2 decimals.

Standard deviation g =

°C




Multi-step task with step selection

1 Step: Determine whether test is one sided or two sided
The test is| one sided, right tail - Check
2 step: Choose statistical test
f-test for one group = Check
v Atitd Choose

Calculate standard error

Calculate test statistic

Choose statistical test

Compare test statistic with rejection region
Determine rejection region

Determine whether test is one sided or two sided
Find critical value

Find number of degrees of freedom

Give formula test statistic

Give sample and population properties

Make decision conceming hypotheses

Specify significance level

State null hypothesis and alternative hypothesis




Feedback design - example 1

Expeﬂmental condition 2z Step: Find critical value
BOR z_|=| =133 Check
o o
KL “ Action:| Choose
e X What exactly is the critical value and what is the test statistic?
Control condition 2z Step: Find critical value
¥ = X

—_——




Domain reasoner - rules and constraints

2 Step: Find critical value

I |- = (1.33 Check

EFil

Action: | Choose =

X What exactly is the critical value and what is the test statistic?

diagnose
feedback service

constraints YES L busev rule? yes Common mistake i
violated? gey ' with buggy rule

no no = Violated constraint
" --------------------------------------------------- q:
disco_\h yes  / expected by yes i Rewrite step follows i
rule? Wegy? expert strategy
..................................................... no . Correctstep, but
. Correct rewrite step, : | detour from strategy |

Heeren & Jeuring, 2014 but unknown



Feedback design - example 2

1 Step: Determine rejection region
z h > | - - = Check
Experimental condition r
Action:| Choose ? |4

X To which hypotheses does this rejection region belong? First state hypotheses.

1 Step: Determine rejection region
v/ v/

— -—
e - = - = -

Control condition crit

I<




Domain reasoner for second example

1 Step:. Determine rejection region

.........................

z = > | - Y| | Check

Action:| Choose b E

X To which hypotheses does this rejection region belong? First state hypotheses.

diagnose
feedback service

Common mistake
with buggy rule

constraints
violated?

»( buggy rule?

no P )
no ——— \Violated constraint

" ------------------------------------------------------
discm yes  / expected by i Rewrite step follows
rule? Wegy? expert strategy
..................................................... no ., Correct step, but
Correct rewrite step, | : detour from strategy |

but unknown



The experiment

 University statistics course for social sciences
« Homework in online learning environment
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Feedback matters ...
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... and steps matter as well

1.00 7

=

]

n
1

0.50 7

Ratio solved immediately

0.251

0.00 7

Hypothesis testing Other topic
Topic follow-up tasks

Aantal verschillende stappen 10

Kies statistische toets

Stapnaam Vereist
[ fixi
1 5
Bepaal aantal vrijheidsgraden
) fio 0
Bepaal kritiek gebied .
R fix O
Bepaal kriticke waarde .
A~ Fixi Ul
w4 .
Bepaal nulhypothese en alternatieve
. foo ]
Bepaal of linkszijdig, rechtszijdig of .
. fix N
Geef steekproef- en populatiekenmerken .
fix U
.
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Question 1

How can computers be used to give useful automated
feedback in multi-step hypothesis-testing tasks?

Use a domain reasoner to provide feedback on the logical

reasoning and coherence of solutions

Demo video: https://youtu.be/toXFInF|I5w N ~

e



https://youtu.be/toXFJhFJI5w

Statistical proficiency

Flow Chart for Selecting Commonly Used Statistical Tests

Parametric Assumptions:
1. Independent, unbiased samples
2. Data normally distributed
3. Equal variances

Type of data?

Continuous We_ categorical

" Chi-square tests
Ty pe of question one and two sample

Relalmnshim/ Nﬁ:mn‘:eﬁ

Do youhavea true Differences between Means

independent variable? what?

Yes X
. No Tests for
Equal Variances
= - Frmax test,
egression 2 R ; Brown and Smythe’s t
Correlation Analysis rown and Smythe’s test,

Analyses i Bartlett’s tests

A4

o y Spearman’s Rank How many treatment
AAN-OT Correlation groups?
Two groups
More than two
\ ™ ps
Parametric assumptions Parametric asssumptions
satisfied? satisfied?
No
Data transform worked?
Student’s unpaired t-test, Mann-Whitney U or Yes No
Paired t-test Wilcoxon Rank sums test
If significant, doa Parametric Y Nonparametric

post hoc test, e.g.
Tukey's or Bonferroni’s

A

ANOVA Kruskal-Wallis Test
v

If significant, do a
Dunn’s Test

Source: https://www.slideshare.net/1171097100/choosing-appropriate-statistics-test-flow-chart
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Castro Sotos et al., 2007



Question 2

How can computers be used to provide intelligent
feedback about statistical proficiency?




Exam preparation...




Module 1 - Descriptive statistics

Exercise 7

The frequency table below is part of the SPSS output that is
generated from data collected in a study about coordination
by boys and girls. The table displays the time it took the
children to throw a ball into a net (variable 'duration’ in

minutes).
duration
Vvalid | Cumulative
Frequency | Percent | Percent | Percent
valid 1 1 5,0 5.0 5,0
2 2 10,0 10,0 15,0
3 3 15,0 15,0 30,0
4 4 20,0 20,0 50,0
5 3 15,0 15,0 65,0
5] 1 5,0 5,0 70,0
7 5 25,0 25,0 95,0
8 1 53,0 5,0 100,0
Total 20 100,0 100,0

© O

Chapter :
g Variables
-
What is the dependent variable? e
- -
| time until the ball is thrown into the net| | £ -

. . . - -
Is this variable continuous or discrete? PR -m

-
. -
| continuous | 3 | 4

Which percentage of children needed longer than 6.5 minute to
throw the ball into the net?

%————-—______-
—---—-——--:,

o Percentile
What is the percentile rank of 5.499 minutes? _ _ __ —===""

_____—

[ . -
percentile

Which figure would be the best graphical representation for the variable 'duration'?
Multiple answers are possible

(nworan ) (ravon ) (Coarevn ) -

and click e Representations




Inspectable student model

Category Score Category Score
= Variables and representations 81% '+ Variables and representations 219,
Froperties varnables 81%
+ Measures of center and spread 44%
Appropriateness representations 5%
Frequency table -
Cumulative frequency and percentile h%
= Measures of center and spread 44%
Finding measures of center -
Appropriateness measures of center 50%
Range 67%
Standard deviation 63% Bull & Kay, 2010




Module 1 - Descriptive statistics

-
Exercise 7 ,/Chapter
/” —“’=
-
The frequency table below is part of the SPSS output that is a What is the dependent variable? eZ L= T
generated from data collected in a study about coordination | time until the ball is thrown into the net |~ | £ ~ -7
by boys and girls. The table displays the time it took the Is thi b Hi di 187 ’¢’ .
children to throw a ball into a net (variable 'duration’ in |5 5 Varnable Continuous of CISCrete | |v’ 27 s COﬂtInUOUS/
minutes. continuous o = 2
3' discrete
duration
valid | cumulative b Which percentage of children needed longer than 6.5 minute to
Frequency | Percent | Percent | Percent throw the ball into the net?

valid 1 1 5,0 5.0 5,0 o e e e e

2 2| 10,0 10,0 15,0 _ . _ - Percentile

¢ What is the percentile rank of 5.499 minutes? _ _ o ===""
3 3 15,0 15,0 30,0 . ___———’—
percentile ~

4 4 20,0 20,0 50,0

5 3 15,0 15,0 65,0

& 1 5,0 5,0 70,0 d Which figure would be the best graphical representation for the variable 'duration'?

7 5 25.0 25.0 95,0 Multiple answers are possible

8 1 5,0 5,0 100,0 ( Histogram ) ( Polygon ) ( Bar chart )

Total 20 100,0 100,0

and click e Representations




Question 3

Do the student models that we have designed make sense?




Student data

Student

Student a
Student a
Student a
Student a
Student a
Student a
Student a
Student b
Student b
Student b
Student b

Task
07al
07al
0732
07b
07b
07c
07d
07al
0732
0732
07b

Attempt

SCEXCSKASNSXSCSSX

Student

Student a
Student a
Student a
Student b
Student a
Student a
Student a
Student b
Student b
Student b
Student a

“Knowledge Component”

KC
Percentile
Percentile
Percentile
Percentile
Variables
Variables
Variables
Variables
Variables

Variables

Representations

Attempt

CAXLCACLXCNLLX



Learning curve analysis

number of incorrect nith attempts on KC
total number of nith attempts on KC

« Error rate n'th attempt =

KC: Frequency polygon

O oa0183 A~ 0885
© d53
= 3
» Fitting function: Error Rate = B - AttemptNo™®  _ 7 3 o

o — ~

S o \“O-..

5 A

] I::‘."'m-_,__‘__

u'-’:‘_:! h o
(! o

1 T T 1T T T T T T 1
1 2 3 4 5 6 7 8 9 10
Martin, Mitrovic, Koedinger, & Mathan, 2011 Attempt nr



Our learning curve analysis

Tacoma, Sosnovsky, Boon, Jeuring, & Drijvers, 2018

Five homework sets
160 students
71 KCs

« 34 KCs: decreasing learning curve
« 15 KCs: not enough information
« 22 KCs:increasing learning curve

Error Rate
035 040 D45 050 D55

KC: Frequency table

Z=-0.183 A% -0.737

Aftempt nr

| —

————— o~




Example 1

Mean

. @=-0.088 R*-0.053

g
2w _ ¢ g
R e
o -7 o
So 9 ° %o

] o
— | o
2

1T 3 58 7 9 1 13 1 17
Attempt nr



Some tasks about the mean

Task 9
Given are the following scores:
8788491078898

c. What is the mean of this distribution?

Task 14a
Calculate the standard deviation of the following
sample of n=5scores:0 6 7 8 14

Standard deviation:

Task 11

Which measures of center are

appropriate for the following situations?

a. The number of bedrooms that houses
in a specific street have.

Mean

Median

Mode




Multiple perspectives and concepts

Errar Rate

Errar Rate

05 07

0.3

0.1

05 07

0.3

0.1

Mean
o= -0. 088 R =0.0532
_ o o .
_ -___F___—v—{Lq}'—__'c'
_5— L) o L+ o
- L]
| ]
' TTTTTTT T T T TTTTTTT
1 3 &5 7 9 11 13 15 17
Attempt nr
Find mean
o =0382 A" =-0.577
- =
1 ToTmmoe--ao
| | | | | |
1 2 3 4 g G

Attempt nr

0.7

Error Rate
058

0.3

0.1

Appropriateness mean

R*-0.925

o

'-e}—__b__v__‘

| | | | | |

1 2 3 4 A B
Attempt nr

0.7

Errar Rate
0.5

0.3

0.1

Find standard deviation

& -0.242 R*-0.418
=

T - &

o T T e = -

L
T T T T
1 2 3 4
Attempt nr




Example 2

o =-0.049 R*=0.005
 _
1
-Ej- ]
i ] )
o ™ o .
o | T T T T T
w © 0
'i:]_ 0
=

Afttempt nr

Knowledge component: Significance level



Some tasks about the significance level

Shown in the Digital Mathematics Environment (DME)

www.dwo.nl/leerling



http://www.dwo.nl/leerling

Easy first tasks

First task included

o=-0.049 R*=0.005
=
I
"{Tj' L
o ] O
o ™ I
o | TT T T T T T
w o o
C’_ o
S

Attempt nr

Error Rate

Knowledge component: Significance level

0.4

0.2

0.0

First task excluded

o =0.885 R*=0.979

Attempt nr




Example 3

Rejection null hypothesis

2 =-0.155 R*.0.258

L L]
l!_'“"-.,!_
i i
oo
S -7
i -
r -
i ] —
S w -
5_1‘—_ -
LUCJ -
-
-
] - ] o
=1 -
A -
o o o

Attempt nr



Example task

Task 1

d. Does the mean learning ability score of the 25 under
achievers differ significantly from 5?

Choose |~ | since the value lies | choose |~ the
Choose rejection region.

yes

no




All tasks too easy

Rejection null hypothesis

2 =-0.155 R*.0.258

L L]
l!_'“"-.,!_
i i
oo
S -7
i -
r -
i ] —
S w -
5_1‘—_ -
LUCJ -
-
-
] - ] o
=1 -
A -
o o o

Attempt nr



Question 3

Do the student models that we have designed make sense?

Q Yes, after redesign of student models and tasks




Question 2

How can computers be used to provide intelligent
feedback about statistical proficiency?

By providing inspectable student models

ENEE

N~~~

=~




Formative assessment cycle

\Qu estion
Revise or

Extend Student

Thinking or Action
Qove On \

Prompt/
S

f;

Gather
Evidence Student

& Provide | Response
wedback \

Source: https://slideplayer.com/slide/5907347/



Question 4

Do students benefit from the availability of the domain reasoner
and inspectable student models?




Students’ use of inspectable student models

MNumber of sessions

P
—_
—
1

|I|._.I|L...I|. _-.__J.....ll‘

1

IZ]'I

I:Zh::t 01 Gt:t 15 H:w 0
Session date

ED

Tacoma, Geurts, Slof, Jeuring, & Drijvers (2020)

Legend
. student model viewed

Student model not viewed

Number of students: 599



Combining inner and outer loop feedback

A @ @
Al &
| ~— S| —

HOR
N |
N N

= ————— ~

Number of students: 521



Combining inner and outer loop feedback

Results varied widely between students

Inner loop feedback . Students with prior experience benefited

Exam result

14 1

10 4

@
{ ]

® % o &
2 o 0 P\\B R O

®
L 3
¢
-
o
2

% [ ] O °
) ® L ad o o
[ ] * °
[ ]
4 8 12 16

Prior performance

Tacoma, Drijvers, & Jeuring (submitted)

Student model
= Yes

~+~ No

Number of student model views

N
o
L

-
o
L

o
1

5 10
Time-on-task (hours)

15

Domain reasoner
= Yes

“+= No



Question 4

Do students benefit from the availability of the domain reasoner

and inspectable student models?

- Students use the feedback

- Feedback effects vary widely

- Weaker students benefit from student models
- Prior experience helps for domain reasoner

| —

o~




Question 2, second try

How can computers be used to provide intelligent feedback
about statistical proficiency?

O -

Domain reasoner feedback and inspectable student

models
Give students time to find out what is useful
Use student data to improve feedback

ag-.

SO ~—




What's next?

- Inner loop feedback : domain reasoner and steps ready to use

- Outer loop feedback

- Implementation in Numworx for secondary education
- Future: offer student model analyses in software

- If all goes well: defense on June 24, 14:30n
- HU University of Applied Sciences Utrecht
-Data Driven Business
-Human Resources Management



Thank you




