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SIG engineering Education
research?

Mission

Create a European community of engineering education researchers in order to contribute with
research evidence to the advancement of engineering education.

Specific objectives are :

to raise awareness of the need of a research approach to the development of engineering education,

to identify and define the research area of engineering education and the engineering education researchers,

to support the establishment of engineering education research as a discipline in Europe as a whole as well as
regionally,

to establish and contribute to European research projects,

to collaborate in the training of PhD students and to establish a European standard for doctoral training for engineering
education researchers,

to influence and strengthen the engineering education research dimension at SEFlannual conferences, and

to actively support the development of the SEFIjournal European Journal of Engineering Education as a platform for




Current activities and way of
working

Current activities
Workshops
SEFI@Work sessions
doctoral symposium at SEFI
summer school

Want to become a member?

Send e-mail to tinne.delaet@kuleuven.be




Learning Analytics that
makes sense In practice



largest university in Belgium, founded 1425

16 faculties — general university
» 55 000 students
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Learning Analytics?

“Learning analytics is about
collecting traces that learners
leave behind and using those

traces to improve learning.”

- Erik Duval

Learning Analytics and Educational Data Mining, Erik Duval’s Weblog, 30 January 2012, https://erikduval.wordpress.com/2012/01/30/learning-analytics-and-educational-data-mining/



Learning Dashboards?

“A dashboard is a visual display of the
most important information needed to
achieve one or more objectives;
consolidated and arranged on a single
screen so the information can be monitored
at a glance.”

- Stephen Few

Dashboard Confusion, Stephen Few, Intelligent Enterprise, March 20, 2004
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Co-funded by the
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of the European Union

[!] Feedback must be “actionable™.

Warning!
Warning!
Male are 10% less
Your online activity is
likely to be successful. _ _
lagging behind.
You are male.
Y action? ) action?
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[!] Start with the available data.

*)

- ipessEEsEssE
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Lots of data may eventually become
available in the future ...

.... already start with what is available

(*) Zarraonandia, T., Aedo, I., Diaz, P., & Montero, A. (2013). An augmented lecture feedback system to support learner and teacher communication.
British Journal of Educational Technology, 44(4), 616-628.
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[!] Not all data is usable.

example data from a course with flipped classroom & blended learning

A
eXam SCOres

Most of the successful
students used 15
modules or more.

Not a single student

using less than 10

modules passed the
course.

» activity (# of modules used)



[!] Keep Learning Analytics 1in =1l e

mind when designing learning

activities.

Co-funded by the

If LA indeed contributes to improved
learning design...

... don’t make it an afterthought

Sednnig o Learning Design
Analytics g g

4
1
1

ENABLE

W Erasmus+ Programme
of the European Union
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learning dashboards @KU Leuven
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Student advisor — student conversations
on study progress

What is the personal
situation?

Should | consider
another program?

@,

e 5 ©
(0]
How can | help? OOO Can | still finish the
OOO bachelor in 3 years?
(0)
o O
@)

What is the best
next step?

How should | compose
my program for next
year?

KU LEUVEN




& Student Name 2

Positionening ten opzichte van je medestudenten

LISSA dashboard
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[!] Wording

http://blog.associatie

.kuleuven.be/tinnedelaet/the-nonsense

-of-c

st GQie

matters.

hances

-0f-success

St Co-funded by the
W Erasmus+ Programme
of the European Union

/3% chance of success

!

/3% of students of earlier
cohorts with the same
study efficiency obtained
the bachelor degree

-and-predictive-models/ 17



http://blog.associatie.kuleuven.be/tinnedelaet/the-nonsense-of-chances-of-success-and-predictive-models/

st GQie

Evaluation - interviews student advisors ___.....

Erasmus+ Programme

of the European Union

“I can talk about what to do with the results, instead of “A student changed her study
each time looking for the data and puzzling it together.” method in June and could
now see it paid off.”
LISSA supports a personal dialogue.
“It’s like a main thread .
guiding the v the level of usage depends on the experi Now, | can blame
conversation.” g P EPEEnEE the dashboard and
and style of the student advisors focus on collaboratively
v fact-based evidence at the side looking for the next step
“I can focus on the v' narrative thread to take.”
student’s personal path, v' key moments and student path help to
rather than on the reconstruct personal track
facts.”

“When students see the numbers, they are surprised,
but now they believe me.
Before, | used my gut feeling, now | feel
more certain of what | say as well”.

“Students don’t know where to look during the
conversation, and avoid eye contact.
The dashboard provides them a point of focus”.



[!] Do not oversimplify.
Show uncertainty. )

bachelor
4 5§ niet

B0 < CSE<90

13% 11%

CSE<60

http://blog.associatie.kuleuven.be/tinnedelaet/the-nonsense-of-chances-of-success-and-predictive-models/

st GQie

Co-funded by the
Erasmus+ Programme
of the European Union

reality is complex

measurement is
limited

individual
circumstances

need for nuance
trigger reflection


http://blog.associatie.kuleuven.be/tinnedelaet/the-nonsense-of-chances-of-success-and-predictive-models/

[!] Context matters!

OPEN

E:]I:Ilg CABLE

i Co-funded by the
* Erasmus+ Programme
of the European Union

* available data

« national and institutional regulations
and culture

 educational vision

educational system, size of
population ..

Don’t just copy existing solutions!

20



Explainable Al for academic advising

Machine Learning (ML)

Prediction of Learning Analytics

Educational Data Mining
student success Dashboards

Learning Analytics

Warning!
The probability for you

to be successful is 23%.

)
N 4

N \

Al for academic advising, a matter of trust? KU LEUVEN




Goal = bring predictive models for student success to advising practice by incorporating

them in Learning Analytics Dashboards

Explainable Al

¢

Al for academic advising, a matter of trust? KU LEUVEN




Interactive and Explainable Advising Dashboard

Example student 2

No risk 12%
Moderate 31%
At risk 57%
No risk 21%
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https://bit.ly/2YOAGFP
KU LEUVEN

Al for academic advising, a matter of trust?




Explainable Al for academic advising

Conclusion: Interactive explainers

.... can help bring predictive models do advising practice
... contribute to awareness and reflection

... help to better understand black-box prediction model,
and match or contrast mental model to the prediction
model

... enforce mistrust in case of conflict with mental model
... risk for cognitive overload

d Future work
« Actual advising practice
» Real impact of explainers on utility, understanding, and
trust

Scheers H., De Laet T. (2021) Interactive and Explainable Advising Dashboard Opens the Black Box of Student Success Prediction-
EC-TEL 2021. Lecture Notes in Computer Science, vol 12884. Springer, Cham. KU LEUVEN
https://doi.org/10.1007/978-3-030-86436-1 5


https://doi.org/10.1007/978-3-030-86436-1_5

Interactive courseware



Interactive courseware — a side step

"
n ._E

https://bit.ly/3Bvgnpk

are | KU LEUVEN



The Disciplinary Learning
Companion

The Impact of Disciplinary and Topic-Specific
Reflection on Students’ Metacognitive Abilities
and Academic Achievement



Metacognition (Flavell, 1979, 2002)

Metacognition is students’ knowledge about their processes of cognition and the ability to
control and monitor those processes as a function of the feedback received via outcomes of
learning.

Metacognitive knowledge
« about persons: own and others’ cognition
» about tasks: nature of information and task demands
« about strategies: learning and problem solving strategies

Metacognitive skills
« planning: selecting strategies, allocating resources
* monitoring: ongoing awareness and assessment of comprehension, performance and progress
« controlling: managing and changing strategies as a result of monitoring
« evaluating: reviewing and assessing learning products

The Disciplinary Learning Companion KU LEUVEN




Role of metacognition in problem solving

Correlation between problem solving and metacognition (Schoenfeld, 2007)

» Expert problem solvers spend relatively more time on metacognitive activities than
novices

« Monitoring solving process - pursuing interesting paths, abandoning unfruitful paths

Metacognition promotes transfer (Berardi-Coletta, 1995; Kapa, 2007)

The Disciplinary Learning Companion KU LEUVEN



Disciplinary Learning Companion

Goal

Trigger metacognition in problem solving by asking discipline-specific reflection
guestions

—> Focus on physics (Newtonian mechanics)

The Disciplinary Learning Companion KU LEUVEN



Disciplinary Learning Companion: concept

¢ . . ¥ lisi  Extra problem
J E
;n./ xercise session  I———) -=—I- (homework) D

D Disciplinary Learning Companion (DLC):
Reflection module about extra problem

i Self-confidence: How confident are you about your solution strategy?

’Q III' Content-specific reflection questions: Questions about content of problem and

= solution strategy
» strategy plan » computations

» concepts » interpretation
» mathematical model

Points of attention: What did you learn and want to take with you to next exercise
session?

The Disciplinary Learning Companion KU LEUVEN




KU LEUVEN

Instructions

Solve exercise P.55 of chapter 4. Compare your solution step-by-step with the model solution
in this reflection module. Do this with a critical point of view. The 13 reflection questions in this
module will help you with this. At the end of the module, you can download the complete model
solution.

The goal of this reflection module is to learn you how to reflect upon your own solution
Strategy' It ShOUId become a hablt to do this' (1IT) A small block of mass m rests on the sloping side of a

triangular block of mass M which itself rests on a horizontal
table as shown in Fig. 4-47. Assuming all surfaces are
frictionless, determine the magnitude of the force F that
must be applied to M so that m remains in a fixed position
relative to M (that
is, m doesn’t move
on the incline).

[Hint: Take x and y . \“\'\" :
A | —
axes horizontal and M \
vertical.] .
o/ -
FIGURE 4-47 B

Problem 55.

The Disciplinary Learning Companion KU LEUVEN




KU LEUVEN

1. Strategy plan

Do you recognize the following steps in your

strategy plan? O Yes, all steps.

. @ Some of these steps, but not all of them.
« ldentifying relevant concepts

o Make a sketch. O None of these steps.
o ldentify net force, acceleration and Newton'’s
second law as relevant concepts. 4 |'took other steps.
«  Constructing mathematical model Q1 didn't have an (explicit) strategy plan.

o Choose coordinate system. 3 | don’t know.
o Apply Newton’s second law to block m.
o Apply Newton’s second law on block M.

Doing computations Feedback
o Determining magnitude of acceleration a from the Did you maybe take some of these steps

equations. NCONSCi N
o Determining magnitude of force F from the UNconscIously:
equations. Have a look at your solution again and try to
*  Interpretation of answer o make explicit which steps you take.
o Checking answer by considering limiting cases.

The Disciplinary Learning Companion KU LEUVEN
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2. Concepts

What is the direction and orientation of the acceleration a,,, of block m?

0 |

. O Something else.
| don’t know.

The Disciplinary Learning Companion KU LEUVEN




Design of study

@ First-year students ® :5 Motivateq Strategies
g in bioscience engineering 'I./. . = 7| for Learning
(N ~ 350) chemem Questionnaire
‘Physics 1’ (MSLQ)
<_Strategy score >
Lecture 1 Lecture

Pretest Posttest

DLC: 9 reflection modules

MSLQ MSLQ
Feb May June

RQ1. How is students’ interaction with the DLC related to their academic achievement?

RQ2. How is students’ interaction with (a particular physics topic in) the DLC related to their
performance on the corresponding exam problem and their conceptual understanding of this problem?
RQ3. How is students’ interaction with (a particular physics topic in) the DLC related to their strategic
approach to solve the corresponding exam problem?

The Disciplinary Learning Companion KU LEUVEN




Design of study

2  Firstyear students o :é Motivated Strategies . Total score
g in bioscience engineering oo = 7| for Learning Problem score
(N ~ 350) T Questionnaire Concept score
‘Physics 1’ (MSLQ) P
Strategy score
Lecture 1 Lecture

Pretest Posttest

DLC: 9 reflecti dul
MSLQ reflection modules MSLQ

Feb May June

RQ1. How is students’ interaction with the DLC related to their academic achievement?

The Disciplinary Learning Companion KU LEUVEN




Results - Interaction with DLC vs.

o |
N
D < 0,001* ¢ mean exam score
; —_ - Students that interacted more with DLC
© " p=0,029* p=0,021* p=0,029" seem to obtain a
o
5 — Remark:
g o " « Students that interacted more with DLC
< . spend more time on studying/spend time
(<] )
. more effectively?
o » Improvement due to reflection on solving
process or due to content of modules?
_ p <0,001*
o p < 0,001*
0 1-3 4-6 7-9

number of reflection modules completed

The Disciplinary Learning Companion KU LEUVEN




Conclusion

RQ1. Positive relationship between interaction with DLC and

The Disciplinary Learning Companion KU LEUVEN




Design of study

g First-year students ) a ]Ic\/lo’ﬂvateq Strategies Total score
& n bioscience engineering oo o = 7] forLearning w
(N ~ 350) e Questionnaire Concept score
‘Physics 1’ (MSLQ)

Strategy score

Lecture 1 Lecture

Pretest Posttest

DLC: 9 reflection modules

MSLQ MSLQ
Feb May June

RQ1. How is students’ interaction with the DLC related to their academic achievement?

RQ2. How is students’ interaction with (a particular physics topic in) the DLC related to their
performance on the corresponding exam problem and their conceptual understanding of this problem?
RQ3. How is students’ interaction with (a particular physics topic in) the DLC related to their strategic
approach to solve the corresponding exam problem?

The Disciplinary Learning Companion KU LEUVEN




Results - Interaction with (particular physics topic in) DLC

0-3 mod

4-9 mod

4-6 mod 7-9 mod

0 mod 1-3 mod

Completed module on angular momentum?
.‘. .‘.

03mod O3mod 49mod 49mod
NOT ang mom ang mom NOT ang mom ang mom
N=189 N=5 N=64 N=58

The Disciplinary Learning Companion KU LEUVEN




Results - Interaction with DLC vs. performance

Exam problem on angular momentum 0-3 mod 4-9 mod
=] E— P .l .0 o0_0 .0 ©0_0
p = 0,005* () () ® o

4-6 mod 7-9 mod

0 mod 1-3 mod

6

Completed module on angular momentum?

i VAR

4

2

score question angular momentum

o < 0,001* t .‘.
° N N _+ mean score 0- 3 mod 0- 3 mod 4- 9 mod 4- 9 mod
0-3 mod 4-9 mod 4-9 mod NOT ang mom ang mom NOT ang mom ang mom
NOT ang mom NOT ang mom  ang mom N=189 N=5 N=64 N=58

The Disciplinary Learning Companion KU LEUVEN




Results - Interaction with DLC vs. performance

Exam problem on angular momentum

- P T
£ " p=0,005* "
Q
Eo
£
. - Content modules seems to play a role
EA B
m . .
= 3 Remark: modules helping to improve
c . .
2] « conceptual understanding?
0  problem solving skills?
T [ * metacognitive abilities?
S p < 0,001* t
v o S [ S ¢ mean score
0-3 mod 4-9 mod 4-9 mod

NOT ang mom NOT ang mom  ang mom

The Disciplinary Learning Companion KU LEUVEN




Design of study

6\ First-year students ) =7 Motivated Strategies Total score
in bioscience engineering ﬂ‘/. o =7 for Learning Problem score

dnh (N ~ 350) - Questionnaire w
‘Physics 1’ (MSLQ)
Strategy score

Lecture 1 Lecture

Pretest Posttest

DLC: 9 reflection modules

MSLQ MSLQ

The Disciplinary Learning Companion KU LEUVEN




Results — Interaction with DLC vs. conceptual understanding

exam problem on angular momentum

10

p=0,134
-d=0,09
o |
*
o
S
7 R ’
oy o
()]
2
O
© P >
~ p=0,003* |
3 d=0,27 T
p <0,001*
o d=0,42 i ¢+ mean score
0-3 mod 4-9 mod 4-9 mod

NOT ang mom NOT ang mom ang mom

The Disciplinary Learning Companion KU LEUVEN




Conclusion

RQ2. Positive relationship between interaction with DLC and
RQ3. Positive relationship between interaction with (particular topic in) DLC and
performance on corresponding exam problem and conceptual understanding of this problem
- Content of module seems to play a role in
« improving academic achievement
 developing conceptual understanding

The Disciplinary Learning Companion KU LEUVEN




Design of study

g First-year students ﬁ/ Eé xfﬂ\éaatren?nztrategies ;0"1"3(30“9
gm in bioscience engineering sse = Ousstonneire roblem score
(N ~ 330) Physics 1 (MSLQ) Concept score
Strategy score
Lecture 1 Lecture

Pretest Posttest

DLC: 9 reflection modules

MSLQ MSLQ

The Disciplinary Learning Companion KU LEUVEN




Results — Interaction DLC vs. strategic approach

p = 0,040*
0 — d=0,13—
L 2
.
=) *
o
O !
n
o o
(o2
‘8 | i
©
s ° p = 0,014*
’ { d=o022 t
<0001
o d =0,41 ¢ mean score
0-3 mod 4-9 mod 4-9 mod

NOT ang mom NOT ang mom ang mom

The Disciplinary Learning Companion KU LEUVEN




Results — Interaction DLC vs. conceptual understanding + strategic approach
p=0,134

p = 0,040*
o =
= ——d=009 — 0 — d=0,13—_
L 2
m .
* L 2
o | .
3 . »
<= o
z . g o
O | Ic L
S 5
© Do p =0,014*
o~ p=0003"__: t d=022 1
A . d=0,27 4 t
 p<0,001* | T p<0001
o - . d=0,42 ¢ “jea" score o | d =041 + mean score
0-3 mod - 4-9 m | ' '
4-9 mod 9 mod 0-3 mod 4-9 mod 4-9 mod

NOT ang mom NOT ang mom ang mom NOT ang mom NOT ang mom ang mom

The Disciplinary Learning Companion KU LEUVEN




Conclusion

RQ2. Positive relationship between interaction with DLC and
RQ3. Positive relationship between interaction with (particular topic in) DLC and
performance on corresponding exam problem and conceptual understanding of this problem
- Content of module seems to play a role in
« improving academic achievement
 developing conceptual understanding
RQ4. Positive relationship between interaction with (particular topic in) DLC and to
solve corresponding exam problem
- Content of module seems to be less important in development strategic approach

The Disciplinary Learning Companion KU LEUVEN




Current work: qualitative study

Think-aloud interviews

Procedure of think-aloud interview
1. Student solves new problem
- Does the student plan/monitor/control/evaluate the solving process and the solution?
- How does the use of metacognitive activities evolve in time?
2. Student completes corresponding reflection module
- Does the student adapt his/her solution based on feedback received?
- Which (meta)cognitive activities are triggered? By which reflection questions/feedback?

The Disciplinary Learning Companion KU LEUVEN




So what have a shared with you today?

* Pragmatic view on Learning Analytics?
* Experience with interactive courseware

 Latest research on using reflection modules to stimulate metacognition.

KU LEUVEN
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4.

Student questionnaire (N=291)
6. The shown information provide me insight in
my current situation.

5. The visualisation is of added value to the
conversation with the student advisor.

A conversation with my student advisors helped

me to gain insight in my study trajectory. _

3. The shown position with respect to my fellow
students (histograms per exam and global...

2. The shown information regarding my study
situation is correct.

1. The dashboard is clarifying and surveyable.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
M Strongly Disagree M Disagree M Neither Agree or Disagree

m Agree M Strongly Agree

53



3. Mathematical model

Co-funded by the
Erasmus+ Programme
of the European Union

Were you able to translate Newton’s second law into a set of equations?
The equations below are valid when you choose the x-axis to be horizontal and the
y-axis to be vertical.

d Yes.
E@ t Eﬂ =ma d No, I did not use Newton’s second law, hence 1
2y . didn’t translate this law into a set of equations.
d No, I forgot to take one ore more (components
& -FG' *F;H =0 .
" £3 of) forces into account.
Fe = ma d No, I did not take the direction and/or

orientation of forces into account or made a

b [omo tFncs Q=0 mistake on this.
{ % d No, I was not able to express one or more
tmsn 0= ma (components of) forces mathematically.

d No, I made another mistake.
Q I don't know.

54



4. Computations

Co-funded by the
Erasmus+ Programme

Were you able to solve the set of equations obtained by applying Newtome‘%F‘Trc‘fl"%‘"“”‘°n
law correctly?

Solution:
a=gtanf
F=(m+M)gtan@

Q Yes.

d No, I was not able to set up this set of equations, hence I was not able to solve it.
d No, I inserted the wrong values for the known quantities.

d No, I made a mistake on the rules for computations.

A No, I made another mistake.

d I don't know.

55



5. Interpretation

Co-funded by the
Erasmus+ Programme
of the European Union

Which of the following methods did you apply to check your answer?

A I did not check my answer.
d Checking units.
d Checking whether the sign (positive or negative) of the result is reasonable.

d Considering limiting cases and checking whether my answer agrees with my
expectations.

d I used another method to check my answer.
d I don’t know.

56
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