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Computer based testing make possible to generate
questions automatically from databases.

e Advantages for teachers: Generate a high number of
questions with less effort

e Advantages for students: The same test can be taken
several times as a learning tool.

e Problems: Moving from a hand-made to an industrial
process require higher quality control.

e Limitations: The knowledge that can be assessed should
be well structured.



ODbjectives

Explore the techniques that can be used for
automatic question generation

Analyze the source of potential errors.

Measure the effect of using automatically
generated questions from incomplete or
imperfect repositories in the quality of
assessment.
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The SIETTE item models

There are three item model types. Other types of
questions can be converted to one of these:

e MCQ-SA. Multiple-choice, single answer.
e MCQ-MA. Multiple-choice, multiple answer.
e SA. Short-answer questions. The answers are recognized
using patterns:
= Regular expressions: Text, numbers, etc.
« Grammar patterns
= Math patterns
= Musical patterns




Pattern examples

Who is the composer of the Moonlight
Sonata?

Pattern {Ludwig {van}} Beethoven

Recognized answers Ludwig van Beethoven
Beethoven

beethoven

Not recognized Lewis Beethoveen
answers

e Multiple patterns can be defined for the same question

e Upper/Lower case, accent, and misspelling variations can be
controlled additionally.




Pattern examples

A car takes 30 minutes to go from a city A to
a city B that distance 20 miles. What is its
average speed?

Pattern [40 miles/h %1]

Recognized answers [B&ulEl
64.37 km/h
17.88 m/s

Not recognized 40 km/h
answers

e Precision can be controlled.
e Physical magnitudes are automatically converted




Question generation

SIETTE can dynamically generate questions from
templates written in JSP (and their answer pattern):

<%
int x = Math.abs( siette.util.Random.nextInt() % 5 ) + 1;
int y = Math.abs( siette.util.Randpm.nextInt() % 5 ) + 1;
int z = X+y;

%>

What is the result of this operation:<br/>
<center> <Y= x %> + <)= y %> </center>




(1) Questions from spreadsheets

There is an API to generate questions from tables:

_| A | B | C | D =
1 |ATOMIC_NUMIATOMIC_MASS VALENCY SYMBOL NAME
2 | 1 100.797 1H Hidr&oacute;geno
Bl 2 40.026 0 He Helio
4 | 3 6.939 1 Li Litio
S | 4 90.122 2 Be Berilio
6 | 5 10.811 3B Boro
7 6 1.201.115 2|4 C Carbono
8 | 7 140.067 -3|1|2|3|4|5 N Nitr&oacute;geno
9 | 8 159.994 -2 0 Ox&iacute;geno

</@page import="siette.util.corpus.Table"}>
<h
Table table = new Table("demo/periodic-table.xls");
String[] element = table.select();
String name = table.get( element, "NAME" );
String symbol = table.get( element, "SYMBOL" );
h>

What is the symbol for the chemical element "<i><%= name %></i>"7?




(2) Questions from databases

The same idea but getting the table data from SQL
databases queries:

<)@page import="siette.util.corpus.DatabaseTable"}>
<h
String query = "SELECT S.BINOMIAL, S.COMMON_NAME, P.IMG "
+ " FROM SPECIES S JOIN PHOTOS P ON P.SPECIE = S.SPECIE "
+ " WHERE P.FEATURE=’Leaf’ "
DatabaseTable table = new DatabaseTable('"demo/tree.properties", query);
String[] plant = table.select();
String img = table.get( plant, "IMG" );
String binomial = table.get( plant, "BINOMIAL" );
String plant_name = table.get( plant, "NOMBRE" );
%>
Write the scientific name of the specie that have this leaf:
<center> <IMG SRC=’<)= img %>’> </center>




(3) Questions from the Semantic Web 32

The same idea again, but taken data from SPARQL

queries to Semantic Web endpoints (like DBpedia):

<h

+||
+Il
+||
+II
+II

3

%>

</.@page import="siette.util.corpus.WebTable"’>

String query = "SELECT DISTINCT 7nombre 7name 7population 7flag 7img "
+"WHERE { "

7country a dbpedia-owl:Country ; rdfs:label 7name ; dbo:flag 7flag . "
7country 7hasPopulation 7population ; dbo:thumbnail 7img . "

7country dct:subject dbc:Member_states_of_the_United_Nations "

FILTER (langMatches(lang(?name), \"en\")) "

FILTER (7population > 1000000) "

+||} "

WebTable table = new WebTable("http://dbpedia.org/sparql",query);
String[] country = table.select();

String name = table.get( country, "name" );

String img = table.get( country, "img" );

<center>
Which is the country of this flag? <br/>
<center><IMG src="<J%= img %>"/><br/></center>




e |Is it really the same?

In the first and (maybe) the second case, we have
full control on the data available to generate the
question

In the (second and) third case, the number of
records are much higher.

The less control and the higher the data volume
makes more difficult to guarantee 100% question
quality.



Incorrect or mislabeled content.
i.e. An image is showing something different from expected.

Missing or incomplete content.

l.e. There is no image available or an object is not labeled to
belong a given class.

Undesired or unexpected content.

l.e. You are looking for an image of an animal and get the
image of its skeleton.

Incompleteness of the response pattern

The automatic procedure to construct the response pattern
fails.



e Does 100% quality exists?
e Is it really necessary for assessment ?

Even with hand-made questions errors might
occur. Psychometry already consider the concepts
of assessment Validity and Reliability.

“Industrial production” introduces “Quality Control”

Detect and correct errors whenever possible.

Measure and quantify the acceptance criteria of
uncorrected errors.




e Assessment purposes:

Low-stake assessment
Fun.
Self-assessment / Learning
Initial level classification.

High-stake assessment
On going assessment during the course.
Final exam.

Classification of candidates to get a job.



Assessment Validity and Reliability
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e Roughly speaking, classical test theory reliability
can be defined as the correlation coefficient
between the scores of two “parallel” test:
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e An assessment is a measuring device, and
the “true score” V depends on score obtained
In the test X, and the device reliability 4.

l.e. The standard 95% confidence interval of the test
score, assuming normal error distribution is

Ve [X11.960X\/1-p§X.]



e Reliability is related to test length

where R is the ration between the two test.

Theoretically, reliability increase when test
length increase



e Before the test is taken

Detect invalid questions generated from templates
(instances) and improve the template

Quantify the number of potential invalid questions
that might be generated from a template.

Estimate reliability loss.
e After the test has been taken
Detect and remove (cancel) incorrect instances.

Recalculate reliability.
Re-assess.
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This painting is entitled "House in Provence"

__ Cézanne (US /ser'zeen/ or UK /st'zaen/; French: [pal sezan]; 19
January 1839 — 22 October 1906) was a French artist and Post-
Impressionist painter whose work laid the foundations of the transition
from the 19th-century conception of artistic endeavour to a new and
radically different world of art in the 20th century. Cézanne's often
repetitive, exploratory brushstrokes are highly characteristic and clearly
recognizable. He used planes of colour and small brushstrokes that
build up to form complex fields. The paintings convey Cézanne's
intense study of his subjects.

Paul Cézanne
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e Estimate the probability of a single invalid
guestion.

Sampling by browsing the preview. = p

e Estimate the probability of having less than w
invalid questions in a test o length n

1w

po=Prixi<w) =Y (1) ra-pr

1=0



e MANUALLY: The student might report an incorrect instance, wh

taking the test.

>

Question number 7:

Which country has this flag?

Romania / Chad

Comments

This flag is confusing, it might be from Romania or from Chad. Both flags are very similar

Y




MANUALLY: The teacher can review the student sessions and
comments together and remove invalid instances.

The instance is also removed from any other session it might
appear.
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AUTOMATICALLY: Analyze correct response frequency, discrimination
index and item-test point biserial correlation for all instances
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e Discrimination index
D =p4c_plc

P4 percentage of correct answer of the 25% of the student with the highest score.
P+ percentage of correct answer of the 25% of the student with the lowest score.

e Point-biserial correlation

X1—Xr |p
Vo =
Sy q

Correlation between item and test score for all students




e Applying Spearman-Brown prophecy formula the new
reliability can be calculated.

e The score confidence interval increases depending on

the whole test reliability and the percentage of incorrect
Instances removed:

poet | 50% 0% | 30% 20% 10% 5% 2.5%
0.70 1.240 1.179 1.125 1.078 1.037 1.018 1.007
0.75 1.265 1.195 1.136 1.085 1.040 1.019 1.008
0.80 1.219 1.213 1.147 1.091 1.043 1.021 1.008
0.85 1.319 1.231 1.159 1.098 1.045 1.022 1.009
0,90 1.348 1.250 1.170 1.104 1.048 1.023 1.009
0,95 1.380 1.270 1.183 1.111 1.051 1.025 1.010




Generating short answer questions reduce the
number of invalid questions.

Invalid questions can be detected manually or semi-
automatically

Cancelling invalid questions and re-assess
guarantees a valid assessment.

the effect of using invalid questions can be measured
and acceptance limits can be established.



Application to a real case:

Generate question for plant recognition based on the
sources: Dbpedia + Wikidata + EOL

Use crawling to construct tables from highly
reliable web repositories

Assess higher order knowledge / sKkills (in the
sense of Bloom'’s taxonomy)
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