Fine-grained Cognitive Assessment based on s (3
Free-form Input for Math Story Problems
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Motivation Related assessment approaches

Using ICT for assessing mathematics achievement: » Conventional assessment tests are usually unidimensional: instead, we
focus on obtaining a detailed picture with strengths and weaknesses

» Easily verifiable input (e.g. multiple choice questions) may restrict the
complexity of the tasks
» Structuring the interaction provides scaffolding to a pupil, which is less

Detailed assessment of free-form answers to math story problems: desirable in an assessment scenario
» Asking follow-up questions about intermediate steps may extend the

assessment session

» Targeted at 12-15 years old pupils
» Setting up algebraic expressions and equations, and simplifying and
solving them

» Analysis of intermediate steps

» Determining the high-level solution approach
» Identification of misconceptions Our research goal: analysing free-form input to math story problems in an

assessment setting

Setting up algebraic expressions » global, arithmetic
r 5+8 = 13; 13%3 = 39;
Magical trick? 39-4 = 35; 35+5 = 40:
40/4 = 10; 10+2 = 12;

R formula editor 19-5 = 7
fixi .// » step-by-step, arithmetic

(X+8)*3-4+x/4+2-x =7

A student says to her peer:
‘Choose a number, add 8
multiply the result by 3,
subtract 4, add the initial
number, divide by 4, add 2,
and subtract the initial
number.

You will end up with 7.7

(S(X+8)-4+x)d+2-x=7 (x+8)%3 = 3x+24
ot 1 3x+24-4 = 3x+20
| | 3x+20+x = 4x+20

(Ax+20) /4+2-x =T
4x+20)/4 = x+b
X+o+2-x =7 ( )/
s this true for any starting number? Explain your answer. y o x+b+2 = x+7

For any number x, we end up with ._"'.| xti-x =7

» step-by-step, algebraic

Xx+8%3-4+x/4+2-%

math story problem = 2x+20/4+2-x
[z free-form input field - oxroreTx
= x+7
- » simplification mistakes
High-level architecture Preliminary evaluation

We tested the domain reasoner on a ‘'magical trick’ dataset:

‘ Domain Reasoner (expert model):
Assessment Environment: user recognizing steps, (partial) answers,

irieriace, offers fasks mistakes, etc., collecting evidence » 2056 free-form answers, collected between 2011 and 2015
» For nearly 80%, the solution approach was recognised
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- We organised two small-scale pilots:

T l prasents skil el » Pilots in Germany (N=19) and the Netherlands (N=22)

of individuals and

 groups, forteachers » Questionnaire, then 10 tasks, followed by a short survey
:.'.:":"..:_;;;!___. '.._..‘-"f‘.':'.‘:.‘_'t:'. andpupﬂs. ) ) . o
— - 5> » Questionnaire focused on prior knowledge and usability
Task Sequencer: selecting which o _ ‘ > PUp||S th|nk they d|d We” in the teSt
(sub)task to offer next (or how); at its User and Task Model: storing i . . 0
simplest, task sequence could be static evidence per user, interpreting > Agaln, the SOlUtlon approach Was reCOgn|Sed for nearly 80%)
evidence as (un)certainties for
knowledge components
Example of a task model: .
Conclusion
7 Sat up algebraic solufion {gobal > Satup sigebraic soluton (stapw iz > Set up numeric solution {global) > Sat up numeric solution {stepwise)
o o S — D R — » We have developed a framework for fine-grained cognitive assessment
// of free-form solutions to math story problems
i T » The solution approach was recognised in nearly 80% of the answers for
e two small-scale pilot studies
o A » In the future, we will organise more extensive evaluations
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