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Motivation

Using ICT for assessing mathematics achievement:

I Targeted at 12-15 years old students.
I Setting up algebraic expressions and equations, and simplifying and

solving them.

Detailed assessment of free-form answers to mathematical problems:

I Analysis of intermediate steps.
I Determining the solution approach.

Research approach

I Focus on obtaining a detailed picture with strengths and weaknesses of
the student.

I No restrictions in complexity of the task. Going beyond easily veri�able
questions such as multiple-choice or closed items.

I Complex tasks with multiple solution strategies.

Our research goal: analysing free-form input to mathematical problems in a
formative assessment setting

Task Strategies

formula editor

free-form input �eldtask

Choose variables

cost = 20.00 + 0.25*dist

20.00 + 0.25*dist = 43.00

0.25*dist = 43.00 - 20.00 = 23.00

dist = 23.00 / 0.25 = 92.00

Answer: 92 km or more

I algebraic strategy, equation

Choose variables

cost = 20.00 + 0.25*dist

20.00 + 0.25*dist > 43.00

0.25*dist > 23.00

dist > 92.00

Answer: 92 km or more

I algebraic strategy, inequality

20.00 + 0.25 * <number >

= <other number>

20.00 + 0.25 * 92 = 43.00

Answer: 92 km or more

I numerical strategy

High-level architecture

Example of a task model:

Correct 0%

Incorrect 100%

Final Answer

Correct 100%

Incorrect 0%

Not_taken 0%

c=20+0.25*d

Correct 83%

Incorrect 17%

Not_taken 0%

20+0.25*d=43

Correct 100%

Incorrect 0%

Not_taken 0%

0.25*dt=23

Correct 68%

Incorrect 30%

Not_taken 2%

d=92

Algebraic 100%

Numerical 0%

Solution Strategy

Correct 0%

Incorrect 0%

Not_taken 100%

Try <n> != 92

Correct 0%

Incorrect 1%

Not_taken 99%

Try <n> == 92

Correct 1%

Incorrect 1%

Not_taken 99%

20+0.25*d>43

Correct 1%

Incorrect 1%

Not_taken 98%

0.25*d>23

Correct 1%

Incorrect 1%

Not_taken 97%

d>92

Correct 78%

Incorrect 22%

Not_taken 0%

d: distance; c: cost

Correct 36%

Incorrect 59%

Not_taken 5%

Answer: ">=92"

Yes 51%

No 49%

Choose variables

Yes 62%

No 38%

Set up algebraic
equations

Yes 50%

No 50%

Set up algebraic
inequalities

Yes 50%

No 50%

Set up numerical
expressions

Yes 50%

No 50%

Use numerical
expressions

Yes 59%

No 41%

Simplify by addition
and subtraction

Yes 48%

No 52%

Simplify by multiplication
and division

Yes 68%

No 32%

Set up linear model

Correct 0%

Incorrect 1%

Not_taken 99%

Answer: ">=92"

Equation 99%

Inequality 1%

Solution Path

Pilot and evaluation studies

Students worked on 10 tasks and answered a short questionnaire.

Small-scale pilot:

I Germany (N=19), France (N=6) and the Netherlands (N=37).
I We used the data to improve the tasks, the domain reasoner, and the

task and student models.

Evaluation studies:

I Germany (N=114), France (N=96) and the Netherlands (N=130).
I We made a comparison between the automated feedback given by the

domain reasoner and human assessment.

Conclusion

I We have developed a framework for formative assessment of free-form
solutions to complex mathematical problems.

I The domain reasoner �nds evidence for intermediate steps and solution
approaches.

I The data from the evaluation studies still needs further processing.
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