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e study situation.




TRADITIONAL WAY OF TEACHING MATHEMATICS AT UNIVERSITY:

MOST OF THE FOCUS IS ON LECTURES & SEMINARS
LESS FOCUS IS ON STUDENT'S OWN WORK (ALONE OR IN GROUPS)




AN ALTERNATIVE COURSE DESIGN




Context:
* first-year engineering students taking the first math course in a large group

**long-time low scores in exams independent of the teacher and high-level of dropouts

Let’s use our experiencef,
from work with
inquire-based

tasks in DMS







3r is right or wrong,

ydents are not offered

feedback the

® In order for feedback to be effective, and thereby support students' learning, research

shows that it must also contain some form of additional information for the student.

Y




I on student
dividually, there

gital learning environment is
€ | asions, we develop general design principles.

By using a design-bc
evaluated and developed on repeated c

Empirical data is collected through surveys and analysis of student work where we examine how
first-year engineering students use the different types of feedback.




tivities

’romding),
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- reg 1l response

[
= - are mainly of three different non-traditional forms:
* Exploratory activities (describe /explain)
® * 'Translation' tasks (from-graph-to-formula tasks)
/ ® Example generating tasks




| MONGOING
O PROJECT: INQUIRY-BASED GROUP ACTIVITIES

8
A

Ccomputer Alded Assessment (CAA) Sysvems

4 [%”Qt&% g, ey -
2 25 4 g g iy, B,
Oral examination

o




Combining a dynamic mathematics software and
a computer-aided assessment system
- to encourage engineering students' mathematical thinking
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Example 1 (Exploratory activity, mathematical modeling)

Part of a structure in a roller coaster need to be replaced. It is the part e Use the measurements in the sketch at the right.
between point A and point B (please see the figures below) that must be ~ ® Use GeoGebra to check whether you have come
replaced. Your task is to determine a polynomial function f that can be ~ up with a suitable function before entering it as an
used during the construction in such a way that there is a smooth answer to the task

transition at point A and point B.

I e

Use the "Verify" button below to check if vour response is correct. If not,

Group agreed response: vou will get some clues. You then get another chance to redo the task.

Note: After vou have pressed the "Verify" button, you will not have
f(z) = @ a another chance to change your answer!

Section Attempt 1 of 1
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Your response does not seem to match the correct answer. Group agreed response:
e Start by placing the points A and B in a coordinate system with point A at the origin. f(z) = BR
e As suggested, form one such polynomial function (with so _far unknown coefficients).
o Use the conditions that f(0) =0, f(12) =24, f/(0) =0 and f'(12)=0 to Section_Attempt 1 of 1
determine the coefficients.

Use these hints and try again!




Example 1 (Exploratory activity, mathematical modeling)

You will now solve the same task once more, but this time you  ® Use the measurements in the skerch at the right.

will determine a trigonometric function g that can be used
during the construction so that there is a smooth transition at

e Use GeoGebra to check whether vou have come
up with a suitable function before entering it as an

answer to the task.

point A and point B.
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Use the "Verify" button below to check if your response is correct. If not,

Group agreed response: vou will get some clues. You then get another chance to redo the task.

Note: After yvou have pressed the "Verify" button, you will not have
another chance to change your answer!

g(z) = & £

Section Attempt 1 of 1
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Your response does not seem to match the correct answer: Group agreed response:

e Start by placing the points A and B in a coordinate system with point A at the origin. @) AR
g9(z) =

e Determine the amplitude, the period, and the shifts in the z- as well as the y-direction,

so that the function fulfills the requirements.

Te . s =)
Use these hints and try again. Section Aftempt 1 of 1




Example 2 (Representing a function)

VIR T 0 0 A The figure above shows y = g(z), graph of the function g. Use
0 the graph to determine the function formula for q.

]

1 o Use GeoGebra to check whether vou response is correct,

before entering it as an answer to the task.

Group agreed response:

g(z) = EE

? 345 67 8 91011121314
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i Use the "Verifyv"” button below to check if vour response is correct. If not,
vou will get some clues. You then get another chance to redo the tast:.

Note: After vou have pressed the "Verifv" button, you will not have

another chance to change your answer!

Section Attempt 1 of 1

Your response does not seem to match the correct answer:

Group agreed response:

The following is a silent recording on a similar task. It illustrates

g(z) = BE

how the given asymptotes are used to form the function.

Section Attempt 1 of 1

Matke use of these hints and try again! Use the same graph (the one at -
. . Verify
the top of the page) to determine the function formula for g.




Example 3 (Give your own examples)

Give examples of two different functions, f and g, that both have

two vertical asymptotes at € = —7 and x = 2, as well as

one horizontal asvmptote: y = 3.

e Note: Group members may have obtained different asymptotes.

e Use GeoGebra to check whether each of the functions in vour
response really have the given asymptotes, before entering them as

an answer to the task.

Individual response:

f(z) = B
g(z) = B




What do the students themselves say?

Surveys (questionnaire) are conducted, with the following response frequency
e The autumn term of 2020: 32.8% (84 of 256)

e The autumn term of 2021: 59.1% (139 of 235)

e The autumn term of 2022: 71.9% (161 of 224)




How well do the following statements (about the group work) agree with your view?

The collaboration within the group worked well. /Everyone in the group has participated actively in

the discussions.
® 2020 2021 m2022
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nor B Verygood Fairly good Neither 6 Pretty had Verybad

It was instructive to take part in other people's
thoughts.
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How well do the following statements (about the group work) agree with your view?

W 2020 2021 w2022

48,6%

I 45,6%

33,3%

N 36,7%

i 11,9%

We also discussed the tasks that required individual
response.
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How well do the following statements (about the tasks) agree with your view?

Examining mathematical relationships in GeoGebra and

The work of generating two examples of functions that
formulating conclusions gave increased understanding.

fulfill given conditions gave increased understanding.
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The work of determining the function formula based on a
given graph gave increased understanding.
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How well does the following statement (about GeoGebra and M0obius) agree with your view?

m 2020

44,6%

I 46,6%

44,6%

N 39,1%

i 14,3%

To what extent did you use GeoGebra (when

possible) to check your response before entering it
into M6bius?
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Some summarizing statements: How well do the following statements agree with your view?

The work with the tasks has given me a deeper

understanding of the mathematics they deal with.

The time | spent on the tasks was time well spent.
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Some concluding remarks
Extended opportunity to provide feedback (in different forms and at different times), e.g.
e the direct/visual response while working with GeoGebra
e possibility to check whether the result is correct (while working on the tasks), or
as a solution manual afterwards (delayed feedback)
e the activities are carried out in groups, the group's discussion is a form of feedback

e during the oral examination at the end of the course, where the group's common answers are discussed

There is always some more to keep exploring, specially
o the adaptive functionalities of the CAA system,

all to support engineering students' mathematical thinking




Thank you




