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Motivation

 Replacement for assessment

Process.
- Free teachers from excessive work

- Individualize student's experience
- Make assessment more objective
- Save time

George Polya (How to Solve It):

“Mathematics, you see, is not a spectator sport.”



Related work

* Learning portals
- ActiveMath
 Intelligent tutoring systems

- Cognitive Tutor
- Pseudo-tutors: ASSISTments.org

» Slovakia, Czech Republic:
- Skolahrou.sk, Matik6-9, scio.cz



Proposed assessment method

expert
idea
result —p task
'y adaptl_ve
IRT selection l generator
categorized ans. description

judge student

answer




Task specification

« Domain expert

- Task description
parameters, tree of
subtasks and possible
answers @

 Continuously updated by
assessment system

- IRT parameters @

e Instance generation
- backtracking




Assessment process

* Individualization:
- Next subtask (task tree)
- New task (adaptive selection)
- Termination (no more tasks / sufficient
precision)
» Categorizing students' answers
- Automatic / manual judge



Prototype system

Web portal
- .NET, C# 2.0, MySQL, XHTML+MathML+SVG

2PL IRT model:

]

e-ai(g_bi)

P(6)= Pla,.b,6)=

7 parametrized tasks — \Word problems on
linear equations (7" grade — 12-13 year olds)

Parameters — whole number, rational number,
variable, equation, string, word, array



Parametrized task - example

Original task:

Stara mama je o 5 rokov mladsSia ako stary otec. Spolu maju 153
rokov. Kolko rokov ma stara mama a kolko stary otec?

v

v

Instance of parametric task:
Sestra je o0 11 rokov mladsia
ako brat. Spolu maju 37 rokowv.
Kolko rokov ma sestra?

Instance of parametric task:
Stryko je o 8 rokov starsi ako
teta. Spolu maju 96 rokov.
Kolko rokov ma stryko?




Portal — administrator's view

| Meopravené

| Pisomky | Ulohy | | Pouzivatelia

\ | Odhlasit’ \

Uloha &.1

Ulohy

Stav: Draft

Uzavret’!

Podulochy

Iné revizie

Revizia €.1 - podidloha u1
Zadanie:

V pripade nespravnej odpovede, pokracuj dlohou:
[koniec] j

Instancia: [ << Predchadzajiica | 1/50

Nasledujica »>

<diwy
Na EZelezniénej gtanicl stalo <pacam

< fdive

Zmenit |

Riesenie s1. ( - spravne). Fokracy] dlohou:
[koniec] j

Na Zelezniénej stanici stalo 147 nakladnych
vagonov, z ktorych vytvorili 4 vlaky. Treti mal o
13 vagonov viac ako ostatné spolu. Kol'ko
vagonov mali véetky viaky spolu?

Fouzitda 1x krat,

cdivs
<param name="spoly vagonov" />
<Adive

Zmenit |
Mové riesenie

147

MNepouZita,



Evaluation

* IRT calibration (45 students)
- Task quality analysis
 Adaptive task selection

— student: excellent / poor / average
 Answers analysis

- Updates in tree of subtasks and
possible answers

 Automatic judges

- 80% performance using contemporary
machine learning techniques



Portal — student's view

Kondi o 10 minat.

Uloha &5

Janka na vylete v Londyne minula prvy den % libier z vreckového, druhy den

% zo zvysku a posledny def minula zostavajucich 22 libier. Aké vreckové
mala Janka na vylete?
Odpoved’:

308

Hespravne.

Oznaéme:

vreckové ... d libier

Napis rovnicu pre vypocet vreckového 4.
Odpoved’:
2/ Ax+3f Tx+22=x

< Spracdvam...




Favriet”

Vyhodnotenie - Slovné ulohy: Rovnice (40 min)

Hodnotenie: 1.210

Spravne/chybné: 4/1
Znamka: 2

Uloha £.3

1.0
0.8
0.5
0.4
0.z

0.0
4 -2 -2 -1 0 1 2 2

4/- h=151

4/- h=1.346

‘41 h=1.210

‘4/2 h=-1.089
3/3 h=0917
251 h=0.760

211 h=06887
8.
1/- h=0309
g9,
1/2 h=-0084
10.
-f1 h=-0125
11.
-f2 h=-0423

12.
-f2 h=-04213

lJIoha £3 << Predchadzajica 36 Masledujica »>>»

Daniel na vylete v New Yorku minul prvy den % dolarov z vreckového, druhy den % zo

zvysku a posledny defn minul zostdvajlcich 27 doldrov. Aké vreckové mal Daniel na
vylete?

Tvoja odpoved’: Spravne rielenie:
180 90

Nespravne.

Cznaéme:

vreckové ... 4 dolarov

MNapis rovnicu pre vypocet vreckového 4.

Tvoja odpoved’: Spravne riesenie:
3/5d+2/8d+27=d 1d+g(1—1)d+27=d
5 8 5
Nespravne.

a . .3 2 3 AS2 .
Spravna rovnica je s d+ § {1 = ;)a‘_+ 27 = d. Vyries tuto rovnicu.

Tvoja odpoved’: Spravne rieZenie:
90 d=90
Spravne!




Summary

« Adapts to student's ability
 |dentifies misconceptions
» Creates a unique task for everyone

* Teacher
- Does not prepare tasks

- Viewed more favourably by students

* Assessment results
- Available instantly after testing
- Independent of teacher



