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Presenter
Presentation Notes
Two parts:1st part addresses connection of our learning objectives to Etkina and the Dublin descriptors.2nd part addresses the first results of our newly designed courses.
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Motive
• Little change for many years
• Need for better preparation for BSc-project
• No more ‘cookbook labs’
• Better cohesion with other subjects

© 2013 James Rebanks
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Presenter
Presentation Notes
We were given one year of overlap with Jaap to improve the existing practicals.“We can do better” article.
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Step 1: Learning objectives
First challenge: brainstorm to set challenging
and motivating learning objectives for the
students.
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© 2016 Amsterdam University of Applied Sciences

Presenter
Presentation Notes
So where did we start?
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Step 1: Learning objectives

First challenge: brainstorm to set challenging
and motivating learning objectives for the
students (~130):
e.g.

• Students are able to use a cryostat.

• Students are able to calculate the error propagation from
the statistical errors in their measuring equipment to the
statistical error in their final results.

• Based on theory students are able to formulate a 
substantiated, falsifiable, and quantifiable hypothesis to
their research question.

• Students are able to present their results in tables and
graphs in a clear manner.
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© 2016 Amsterdam University of Applied Sciences

Presenter
Presentation Notes
So we tried to group them per year and per course but both tries backfired. First, we tried to group them by year or by course but that did not work out because many of the objectives were repeated during each practical.So in the end we grouped them per practical and divided the level for each learning objective per course and per year.(Research skills consist of apparatus skills, physics knowledge, analytical skills, programming skills, presentation skills.)
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Step 1: Learning objectives
Next challenge: to group all ~130 learning objectives in measurable entities:
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Presenter
Presentation Notes
You can see the final grouping somewhat in this picture.List we can share.
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Step 1: Learning objectives
Research

Measurement plan

Analysis plan

Measurement

Analysis

Communication
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Next challenge: to group all ~130 learning objectives in measurable
entities (Specific, Measurable, Attainable, Relevant, Time-based, 
Inspirational).
1. Based on a problem students are able to write a measuring plan from 

which reasonably may be expected that it will deliver usable results.

2. Based on a measuring plan students are able to write an analysis plan 
from which reasonably may be expected that it will deliver an answer to 
the research question. 

3. Students are able to independently collect trustworthy results from an 
experiment.

4. Students are able to independently and critically analyse an experiment.

5. Students are able to communicate their research and that of others in a 
structured and catchy manner, both written and verbally.

Presenter
Presentation Notes
So we grouped them per practical.We expected the first two not to be very well measurable during closed practicals because there would be no need for students to do their preparations..
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Step 1: Learning objectives
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Logman/Kautz (1-5) 
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1 Measurement plan X X X

2 Analysis plan X X X X X

3 Measurement X X X

4 Analysis X X X X

5 Communication X X

e.g. 

3. Students are able to 
independently collect trustworthy 
results from an experiment

(Logman & Kautz, 2018)

B. Ability to devise and test a 
qualitative explanation or 
quantitative relationship

(Etkina, 2006)

Presenter
Presentation Notes
4. Students are able to independently collect trustworthy results from an experiment.
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Step 1: Learning objectives
Measurable learning objectives (recap):
1. Based on a problem students are able to write a 

measuring plan from which reasonably may be expected 
that it will deliver usable results.

2. Based on a measuring plan students are able to write an 
analysis plan from which reasonably may be expected 
that it will deliver an answer to the research question. 

3. Students are able to independently collect trustworthy 
results from an experiment.

4. Students are able to independently and critically analyse
an experiment.

5. Students are able to communicate their research and 
that of others in a structured and catchy manner, both 
written and verbally.

ITRAMS
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Step 1: Learning objectives
Final grouping gives us our main learning objective:

Students are able to perform an 80 hour 
research project independently, from first 
conception to presenting and reporting.

16

Presenter
Presentation Notes
We have come from our bottom-up learning goals to our main learning goal.
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Step 1: Learning objectives
Dublin descriptors (very general)
A. Knowledge and understanding

B.Applying knowledge and understanding
C. Making judgements

D.Communication

E. Lifelong learning skills

18

© 2015 Deane McDermott

Presenter
Presentation Notes
Can we also get from the very general Dublin descriptors to our specific learning objectives?Of course Communication is coupled almost directly to our 5th group of learning objectives.The experimental learning objectives are covered under the header of Applying Knowledge and understanding.
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Step 1: Learning objectives

20

Dublin descriptors – Domain Specific Reference Frame (more specific)
B. Applying knowledge and understanding
o Problem solving skills, Estimation skills

o Modelling skills

o Mathematical skills

o Experimental skills

o Computer skills

o Familiarity with basic and applied research

Presenter
Presentation Notes
In the Netherlands a new document has been made that maps the Dutch Specific Reference Frame for physics directly to the Dublin descriptors. One of its headers under Applying Knowledge and Understanding is Experimental Skills and it will be clear to you that that covers all our learning objectives.
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Step 1: Learning objectives (1st result)

22

Our grouped learning objectives
-
-
-

Etkina’s research abilities
-
-
-

Our specific learning objectives
-
-
-
-

Dutch Specific Reference Frame
-
-
-

Dublin descriptors
-
-
-
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Step 2: Design principles from theory
The chosen practicals  should provide a need for
the student to learn what we want them to learn
(Lijnse & Klaassen, Bulte)

1. Closed practicals to learn apparatus skills, analytical
skills, necessary physics knowledge

2. Closed practicals follow SQI (Structured Quantitative 
Inquiry) method (Holmes)

3. Open practicals needed to learn research skills

4. Open practicals follow ISLE (Investigative Science 
Learning Environment) method (Etkina)

23

Closed
SQI

Open
ISLE

Presenter
Presentation Notes
Slightly adapted forms of both SQI and ISLE practicals.More info on ISLE in other presentations during this week.
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Step 3: Implementation year 1
Leiden university specific implementation: 6 courses of 1ECTS each & a 1 
ECTS Presentation & Communication course

• Course 1 has been adapted the most, course 3 & 5 have been readapted last year

• Cohesion with departments

(Biophysics & Soft matter, Quantum Mechanics & Optics) 

• Courses 1 & 2: Lab journal & Soft matter,

• Courses 3 & 4: Oscillations & Waves (no QM but CM in year 1),

• Courses 5 & 6: Optics

(Cohesion with subjects (Classical Mechanics & Optics)  connect to physics knowledge)

• Courses 1, 3 & 5: closed SQI practicals on apparatus skills, analytical skills, 
necessary physics knowledge

• Courses 2, 4 & 6: open ISLE practicals to assess research skills

24

Presenter
Presentation Notes
Give several examples!Course 1 is on sensors/transducers.Course 3 is on harmonic oscillators, thin film interference and standing waves.Course 5 is on interferometry or spectroscopy.
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Step 4: Implementation year 2
Leiden university specific implementation:

3 new courses of 1(+2)ECTS, 1(+4)ECTS & 2ECTS

• Course 1: Fourier transform

• Course 2: 2D Fourier transform, Noise, Feedback, OpAmp

• Course 3: Feedback & Noise reduction

(Cohesion with subjects (Classical Mechanics & Optics)  connect to physics knowledge)

• Courses 1 & 2: closed SQI practicals on apparatus skills, analytical skills, necessary physics knowledge

• Course 3: open ISLE practicals to assess research skills

25

Presenter
Presentation Notes
Course 1 has students build their own spectrometer which measures both the amplitude and phase bodeplot.Course 2 handles 2D Fourier transforms and discusses feedback and noise.Course 3 is again an open assignment (which needs to contain feedback and noise reduction).
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Step 5: Inspirational matrices in year 1 & 2
Course 4:

Oscillations & Waves

26

Presenter
Presentation Notes
We have these for every open practical!
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Step 6: Results year 1
Theoretically primed students (not objective), overall enjoyment of the course remains the same (6.7 out of 10)

• Students – find the course challenging, saw the need for preparation and lab journal, independence in open 
practicals is appreciated, connection with theoretical courses is noted

• Teaching-assistants – wished they had had the course like this, mostly because of the addressed analytical
skills, course has become more challenging

• Teachers – the course seems to run more by itself, better results on error analysis, better use of Python for
analysis and data representation, EN6 teacher was in favour of planning one session less

27
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Step 6: Results for 1st course in year 1
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Presenter
Presentation Notes
2019-2020 weer 94% maar nu met 177 deelnemers (166 gehaald) tegenover 126 (119 gehaald) vorig jaar.
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Step 6: Results for all courses in year 1

29

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1 2 3 4 5 6

Success rate for the 6 courses in year 1

2016-2017 2017-2018 2018-2019 2019-2020

Presenter
Presentation Notes
EN1 weer 94%EN2 iets gedaald naar 97% (3 uitvallers van de 101)
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Step 7: Results year 2
• Students – find the course challenging, like the combination of theory and practicals, did not see the need

for preparation and lab journal, independence in open practicals is appreciated, connection with theoretical
courses is noted

• Teaching-assistants – combination with the use of Python is challenging, students less proactive during
closed practicals, too many practicals per session, open practicals could focus more on theory

• Teachers – less need for preparation & lab journal in closed practicals, good use of Python for analysis and
data representation, too many practicals per session, open practicals could focus more on theory

30

Presenter
Presentation Notes
PE1 results were already high: up from 98% to 100%.PE2: 94%PE3: 90%
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Discussion
Year 1:
• Implementation started 2 years ago in year 1

• All courses show students learn what we intended

• Courses 1 & 3 have been renewed twice

• Only course 6 shows lower results in final iteration

• Choice in open practicals could be more diverse, but

• Became more diverse after inspirational matrices

• Minor adaptations necessary

31

© 2019 van Zulen & Wolters
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Discussion
Year 2:
• Implementation has now reached year 2

• PE1 results were already high (98%  100%)

• The combination of completely new courses and
practicals proved difficult

• General idea seems very feasible

• Closed practicals need to be shortened

• Choice in open practicals could be more diverse

• Open practicals could be focused more on theory

32

© 2019 van Dieren & Boxelaar
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Conclusion – design principles
There should be a need for the student to learn what we want them to learn (…)

• Need for preparation can be present by limited time to perform experiments in closed SQI 
practicals

• Need for lab journal may be present by repetition effect in closed SQI practicals

• Need for apparatus, analytical and programming skills present in closed SQI practicals

• Closed SQI practicals to prepare for open ISLE practicals

• Need for physics knowledge in practicals but not for students

• Need for research skills in open ISLE practicals

• Open ISLE practicals create a need to present or report based on lab journal

• Open ISLE practicals not always very diverse  inspirational matrices are a qay to go!

• Open ISLE practicals could be focused more on physics knowledge expansion

33

New design!
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Conclusion
Learning objectives developed from bottom up can be connected to Dublin descriptors.

Learning objectives can be used to tell which Dublin descriptors they cover.

Attention to institute departments during implementation makes the courses locally relevant.

The newly designed course

• Is more challenging

• Has more built-in cohesion with other courses

• Has built-in connection to research departments

• Gives better or similar success rate

Future: development of rubrics based on learning objectives, improving inspirational matrices, 
digital lab journals

34

New course!

Presenter
Presentation Notes
Gives students a better preparation to perform their own research later.& Digital lab journals
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Questions or tips?

Paul Logman (logman@physics.leidenuniv.nl)
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