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Is active learning the way-to-go in a
world which is facing the challenge of

Question

discerning fake news?

Tertiary science /maths education
Bulk /mass
Information technology

Historical perspective

The University of Sydney
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CONTEXT

Artificial intelligence, cyber, remote
Fake knowledge, mis/dis information
Who is the trusted source?

What is the role of the teacher?

Ty
—

Computers, information technology
Knowledge on internet

Internet as trusted source (?)
Teachers as facilitators

Industry, machines, assembly lines
Knowledge in textbooks
Teachers as trusted sources

The University of Sydney

Divj'sity
Acdess

TIME
PEDAGOGY

Valid vs fake
Trustworthy University credentials
;; Graduate qualities

Lectures vs small groups
Active learning
Weimann, Hake, Georgiou

% Teacher centre vs student centred
Constructivism, Biggs,
Ramsden, Trigwell, Prosser

:; Driver, Schwab, ...
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Valid vs fake
Trustworthy University credentials

th‘l' am I d ol n ’Jate qualities
Valid vs fake - 2020

Nature of (social, online) networks, nature of
knowledge

The University o



ALPE: 9790 students

. Understanding
. Relevance

. Lab skills

. Data interpret
. Interest in labs

. Demonstrators

NP~ -=2N00O

10. Comm skills
13. Ethics

9. Teamwork

11. Responsibility
for own learning

3. Research skills

The University of Sydney

Physics
1

2

Biochem |Pharmac

2 1 2

.769
.561

.649

.686

.501

.789

502

.813

.620

.605

Page 5



Professor Manjula Sharma
Faculty of Science
Sydney Nano Institute

e

THE UNIVERSITY OF b

SYONEY ~ scHoots

Advancing Science & Engineering through Laboratory Learning
Nano Institute

THE UNIVERSITY OF UK HEA Australian

o Learning&
SYDNEY  Princlpal Teaching

Fell
SRS Fellows




Three learning outcomes

- Conduct and collect data

DC TERMINAL VELOCITY

I n_l_ Please complete your pre-work on your eLearning account during the week of your lab session.
— |

Learning outcomes

After completing this experiment, you should be able to:

* Undertake experiments to measure the terminal velocity of paper gliders and similar
objects.

D I « * Use logarithmic graphs.
e | * Explain your results, including uncertainties and their contributions.

Each skill tested separately
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PRAC TEST

* Students chose one of @ experiments,
pUbI:-LAAI tih i

Practical 7: Spring constant of combined springs

® S'I'U < Aim of the experiment: To compare the spring constant of individual springs with the spring
constant of springs combined in series.
Theory: The spring constant of a spring can be obtained using Hooke’s Law. When springs are
® N O combined in series the spring constant of the combination is given by:
k =kik:/(kq + k5)

where k is the spring combination of springs combined in series, k; is the spring constant of one
° spring and k, is the spring constant of the other spring.

Mai

— sketch of apparatus
— Conduct (tutors oversee)
— collect data and data recording

— record uncertainties
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Lab report

* Choose an sub-set of exp done during the
semester by their group

* Write individual report, with strict word
limits, upload to CANVAS, similarity index:

—provide the aim
—provide original data, data in final form

—interpret the analysed data to answer
original question

* Marking criteria:

— ability to formulate question, analyse
data, present data, draw conclusions

The University of Sydney



What is the big deal?

* Standards, criteria based assessment
* Perceived as fair

* No complaints, queries

* All involved - influences team work
* Inclusive
* Individual justify learning outcomes

* academic honesty



Skills development
across years

What are students learning in
practicalse A cross sectional study in
university physics laboratories.

Richardson, A., Sharma, M. D., Khachan, J. (2008), CAL-laborate International,
16(1), 20-27.
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* Yeung, A., Cornish, S., Kable, S., Sharma, M.D. (2019) What Can Instructors
Focus on When Improving Undergraduate Science Experiments? Supporting
a Cross-Disciplinary Approach. International Journal of Innovation in Science

and Mathematics Education, 27(3), 25-40

* Barrie, S. C., Bucat, R. B., Buntine, M. A., Burke da Silva, K., Crisp, G. T,
George, A. V., Jamie, I. M., Kable, S. H., Lim, K. F.,, Pyke, S. M., Read, J. R,,
Sharma M. D., and Yeung A. A. (2015) Development, Evaluation and Use of
a Student Experience Survey in Undergraduate Science Laboratories: The
Advancing Science by Enhancing Learning in the Laboratory Student
Laboratory Learning Experience Survey, International Journal of Science
Education 37 (11) 1795-1814.

* Yeung, A., Pyke, S. M., Sharma, M. D., Barrie, S. C., Buntine, M. A., Burke
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multidisciplinary workshop, Int. J. of Innovation in Science and
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a first year engineering physics experiment on standing waves: based on
the ACELL approach, European Journal of Physics, 31, 3-35.
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Emotions new study in progress

University of Sydney Page 13



One active learning case study...



The BSc’s structure... The BSc’s core...

and students’ journeys
across 15t to 3rd year...

3 Year -
B0 Ui Transdisciplinary

™

2"d Year -
Interdisciplinary

™

15t Year -
Multidisciplinary

1 MAJOR




In SCIE1002 Multidisciplinary Laboratories we ask...

Water — would you drink it?

Alternative energy — how much does it cost?

PS. — “These kindls of courses typically fail.”(!)



SCEE1ME Siafling 51 2013

Doy T W] W2 Wil Wi WE W T Braak W WS W13 W1 W12 W11 [Exarms
Wik bl rd m HEFab 4Mar 11-Mdar 18-Mlar EMar 1-Apr S-hpr 1EAZEhpr fraz T 13-y ET My 3-dun 128 dun
Ciscipdinee ESK Bl ogry Chaeimd Sy Chaaml Sy Pty bl cgry Bl cogry Fhysics Physics Earth Sciernces Fayched ooy Faks ups THC
o L I & e i ons

CALLAGHAN

Pliomdlay pim Tpmedpmn  Acadhamic L P an FRichand Y Bt Madlain Clowila Holdswordh  Clovia Holdswordh | Bill Busdd Pl c bl | Doy Bt Mailan Firedad Gorahaim Fiielad Gorehaim Silvia Fisia Bill Busad
Dharmacnes rabor Jennifer Baker Jennifer Baker Jennifer Baker Jennifer Baker Jennifer Baker Jennifer Baker Ains|ey Hughes Jennifer Baker Jennifer Baker Jennifer Baker Jennifer Baker Jennifer Baker
ol o Py ar Trid Trimk  Pgieyad Tried Timk Mgy Trsd T Rgiayan Tried Tink  Rgusien Trisd Tank  Mgusien Trisd Tk Mainda EYy gLy Triddd Trimm  Rayan Triddd Timh  Bhgsyan Trisdd Tamk  Mgusyem Trisd Timk  Molsen Tieu Tink
Techrical Oficer Stemd Sanders Sharsn Sarnders Shaier Sarars Shard Sandes Shared Samdars Shaier Sariis Shard Sandes Shared Sarders Shard Sanders Sharsn Sarnders Sharer Sarders Shard Sandes

Pl oy o Spmipm Academic Liam Pheslan Fichand Yu Blredt Pl an Clovia Holdsworh  Clovia Holdsworth | St Madin Feliclrod |2 Doy Blredt Mailan Xl iy T Klacfireg T Aoty Bem St Mardin
ol o Jarri her Bakar o @ e Bk v Janiifar Bakar Jarri her Bakar J @i e Bk v Janiifar Bakar AirG ey Hughas J e e Bak e Jarniher Bakar o @ e Bk v Janii e Bak e Jarri her Bakar
Coaimndes rador Pgusyen Tried Trimh Pgusen Tried Trink Mgusen Tried Trimh Rgusyen Triew Tinh  Mgugen Triew Tink  Mgugen Tiew Tink Mainda Ey Pgusyar Tried Trimh Rhguyen Tried Trinh  Bhgusen Triew Taink  Mguygen Trisw Taink Mousyen Tiew Taink
Techrical Oficer Stemd Sanders Sharsn Sarnders Shaier Sarars Shard Sandes Shared Samdars Shaier Sariis Shard Sandes Sharer Sarders Stard Sanders Sharsn Sarnders Sharer Sarders Shard Sandes

TS dary @it S 12 Aucaderic Liam Pheslan Alan Callan Blredt Pl an Clovia Holdsworth | Clovia Holdsworth | Daimen Burka Hadhry Mo Blredt Mailan Faarses Gonehaim Foarsmd Gorehaim Silvia Fisia Dwaimen Burke
ol o Caidin Romanis ICaidin Roman s Caifin Romsan s Caidin Romanis Caitim Romran s Caitin Romsand s AirG ey Hughas Caitim Romani s Caidin Roman s ICaidin Roman s Caitim Roman s Caidin Romanis
Coaimndes rador Thi Bims Bk Tram  Thi Bios &nb Tram  Thi Kims Ak Tram Thil Bims &k Tram® Thil BKim Anks Tram Thi Kl Sk Tram  Malimda Ey Thi Klns dunks Tram  Thi Bims Sk Tram  Thi Kl Snks Tram | Thi Kl Seks Tram T Bl Seb Tram
Techmical Oficer MNguren Triew Trinh  Mgueen Tried Trink  Mguyen Tried Trinh Rguyen Triedw Tinh  Mguyen Triew Taink  Mgugen Taew Taink  Mouyen Tiew Tink PMgusyen Tried Trimh Mguyen Tried Trinh  Bhguyen Triew Taink  Mgusgemn Trisw Tink  Mousyen Tiew Taink

Tk oy pim Tpimedpi B SdhaiTd C Liadm P & Mla Callam B Ml ain Fhay Fomg Bk Fomg et Dol as Haity Flid Bred M lam Jobm Holdsworth John Holdsworth Daed sl le Vierdon-Bl d Emima el S5 on
Coaimndes rador Caidin Romanis Caidim Fomanis Caldin Riomanis Caidin Romanis Caifim Romanis Calfin Riomanis Birdg | ey Hughas Caiflim Riomanis Caidin Romanis Caidim Fomanis Caifim Romanis Caidin Romanis
Dhaimaoina rador Fiafl qued Islam Fafi quad kslam Rafiguel kslam Fiafl qued Islam FRafi qued kslam Rafiguel kslam Elizabath Adamczyk FRafi gual kslam Fiafl qued Islam Fafi quad kslam FRafi gual kslam Fiafl qued Islam
Techmical Oficer Mguryen Triew Tinh  Mguyen Triew Tinh Mguyen Triew Tinh Mouyen Triew Tinh  Mguyen Tiew Tink  Mouyen Tiew Tinh Mouyen Triew Tk Mgurgen Trieds Trinh  Mguryren Triew Tanh | Rguyen Triew Tinh Mguyen Triew Tinh Mouyen Triew Tk

Tuses day @ Spm-dpm Academic Liadm Prhaad FRichard Yu Bradt Mailan Taryi Ma Tiaryi Ma Heather Douglas  Michal e Dulty Bratt Mailam M Giffith Madtaw Gt Anihaory Biem Shafarda Paclivd
ool radbor Alegscla Cullen dlegcla Cullen Blescla Cullem Alegscla Cullen Alescla Cullen Blescla Cullan Lirdg ey Hughas Alescla Cull e Josaph Pagler Josaph Padgler Blescla Cull e Alegscla Cullen
Dharmacnes rabor Fiadl quaed Islam Fiadl quaed Islam Rafigusl Islam Fiadl quaed Islam Fiafi quaed Islam Rafiousl Islam Elizabeih Adamczyk FRiafl quasl Islam Fiadl qued Islam Fiadl quaed Islam FRafiquael Islam Fiadl quaed Islam
Tachrdcal OMicar Mgueyan Trie Trimk  Mgisyes e Timk  Mguaan Trdd Trimm  Rgeyen Tried Tink  Rgusyen Tried Tank  Mgussen Trisd Tk Mousen Tried Tink gLy Triddd Trimm  Rayan Triddd Timh  Bhgsyan Trisdd Tamk  Mgusyem Trisd Timk  Molsen Tieu Tink

Wiedmesday anm Sam-12pm Academic Bonnie McBain FRichard Yu Bradt Mailan lar Var Altera lar Van Blbera Shuait Mad in el |2 Dy Bratt Mailam Johin Furst Jiohin Furst Grag Hamcock S husart Madin
ool radbor Alegscla Cullen dlegcla Cullen Blescla Cullem Alegscla Cullen Alescla Cullen Blescla Cullan Lirdg ey Hughas Alescla Cull e Josaph Pagler dlegcla Cullen Blescla Cull e Alegscla Cullen
Do frador Doy Pham Doy Phaar DCusorg Pham Doy Pham Doy Pha DCusorg Pham Pelazdi ra 'y Do) Pha Dy Pham Doy Phaar DCuscrg) Pha Doy Pham
Tachrdcal OMicar Mgueyan Trie Trimk  Mgisyes e Timk  Mguaan Trdd Trimm  Rgeyen Tried Tink  Rgusyen Tried Tank  Mgussen Trisd Tk Mousen Tried Tink gLy Triddd Trimm  Rayan Triddd Timh  Bhgsyan Trisdd Tamk  Mgusyem Trisd Timk  Molsen Tieu Tink

Wadnesday pm 1pm-dpm  Academic Bonnl e McBain FRichand Y Bt Madlain Ll her Page Aligter Page ‘Soolt Brosw Simuan Sprimger Bt Mailan Firedad Gorahaim Fiielad Gorehaim Hairimadh Prosser B e Pramimeer
Do frador Alescia Cullen Alescia Cullen Alescia Cullen Alescia Cullen Alescia Cullen Alescia Cullen Alrdley Huoghaes Alescia Cullen Joseph Pagler Alescia Cullen Alescia Cullen Alescia Cullen
ol o Dusci Pham Doy Phain Cusomg Pram Dusci Pham Dusory Phain Cusomg Pram Pl i EYy Dusorg Phaaim Doy Phaar Doy Phain Cusoiy Phain Dusci Pham
Techmical Oficer MNousen Trieuw Trinkh Mgusyen Tried Trink Mgusyen Tried Trimh Rgusyen Triew Tinh Mgugen Triew Taink Mgugen Tisu Taink Mousyen Tiew Tink Pgusyar Tried Trimh Rhguyen Tried Trinh  Bhgusen Triew Taink  Mguygen Trisw Taink Mousyen Tiew Taink

Tharsday am  Sam-12pm Acadeic Liam Pheslan Fichand Yu Blredt Pl an lan Van Albera lar Van Albers Emily Frassman Simwon Sprirger Blredt Mailan Wickl Feast Wickl Foask Bill Lamdenbanger  Ardnea Gfin
ol o Th Bims bnds Tram Thl Bims Ank Tram Thd Kims Ank Tram Thil Bim Ak Tram Thil Kim Snk Tram T Kim ek Tram Al ey Hughaes Thd Kims bk Tram Thi Bims Sk Tram Thi Kim Snk Tram T Kim ek Tram T Bim Sk Tram
Coaimndes rador Josaph Pagler Blegclia Cullen Blescla Cullem Josaph Pagler Josaph Padgler Josaph Paagler Elizak-aihy Sudaimczyk Jios aph Paglar Josaph Pagler Josaph Padgler Josaph Pegler Josaph Pagler
Techrical Oficer Stem Sanders Sbers Samdars Shaier Sardars Shard Sanders Sbarer Samdars Shaier Sardas Shard Sanders Ghared Sarders Shard Sanders Sbers Samdars Sharer Sarders Shard Sanders

Tharsday pm 1pm-dpm  Academic Liam Pheslan Fichand Yu Blredt Pl an Fhary Fomg Ky Fomg Brisben Pamimeer Simwon Sprirger Blredt Mailan Faarses Gonehaim Foarsmd Gorehaim Jiadty Bad ey B s bar Paimimeer
ol o Th Bims bnds Tram Thl Bims Ank Tram Thd Kims Ank Tram Thil Bim Ak Tram Thil Kim Snk Tram T Kim ek Tram Al ey Hughaes Thd Kims bk Tram Thi Bims Sk Tram Thi Kim Snk Tram T Kim ek Tram T Bim Sk Tram
Coaimndes rador Josaph Pagler Blegclia Cullen Blescla Cullem Josaph Pagler Josaph Padgler Josaph Paagler Elizak-aihy Sudaimczyk Jios aph Paglar Josaph Pagler Josaph Padgler Josaph Pegler Josaph Pagler
Techrical Oficer Stem Sanders Sbers Samdars Shaier Sardars Shard Sanders Sbarer Samdars Shaier Sardas Shard Sanders Ghared Sarders Shard Sanders Sbers Samdars Sharer Sarders Shard Sanders

DRI B.AH

Piordlady @i S Fpin B adhend © Liadm P 2 Pty Hagpgea s [l el W T s sy Tire kB ks Bill Busdd Py Shearaal Pelizngai Hugait Tire B s mesa Tire ki ks T B ks Bill Bussd
Dhaimaoina rador Wimcant Racult Wimcent Fault Wincent Facult Wimcant Racult Wircank Facult Shay Goddard Dan Hawii Wincant Rt Wimcant Rt Wimcent Fault Wincant Rt Wimcant Racult
Dharmacnes rabor Tim Smith Tim Smith Tim Smith Tim Smith Tim Smith Tim Smith Tim Smith Tim Sl Tim Smith Tim Smith Tim Sl Tim Smith
Techmical OMicar Haty Ramods HFaly Maimome Faty Maimome Haty Ramodme Haby MWaimome Faty Maimome Haty Ramodme Haby Maimome Haty Ramoime HFaly Maimome Faty Maimome Haty Ramodme

Wiadnesday am Sam-12pm Academic L P an Pelizagiain Husgugeadl Pelizagai Huagageai® T B s sy Tire B s Bill Busdd Bathy M Pelizagaain Huspgei® Tine B s msai Tire B s Tir B ks Bill Busad
Dharmacnes rabor Wimcent Racudt Wimcent Rt Wincent Facult Wimcent Racudt WVircent Rt Shary Goddand Dan Hewi i Wircent Rt Wimcent Racilt Wimcent Rt Wircent Rt Wimcent Racudt
ol o Tim Smdih Tim Smdth Tim Smith Tim Smdih Tims Smdth Tim Smith Tim Smdih Tim Smith Tim Smdih Tim Smdth T Smith Tim Smdih
Technical Oficer Kabty Mamoife Kaby Mamcthe Kaby Maroine Kaky Mamohe Kaby Mamcthe Kaky Mamoine Kaky Mamohe Kaby Mamothe Kaky Mamoie Kaby Mamcthe Kaby Mamothe Kaky Mamohe



Some immediate reflections...

* Active learning? Sure, but it probably would have been anyway, and
it’s fun to think about how to extend on active learning... (blended,
two campuses, campus as learning laboratory, multidisciplinary, etc)

* Three key things:

* The role of narrative
 Community building — amongst students, amongst staff
e Equity is for considering in every little decision ;-)...



Session 6: Hands-on Experience — Active Learning in Science

1. There do not seem to be many good examples of
effective active learning in mathematics. Do you know
of any?

2. Diverse examples would be great. Thank you.

3. Input on a solution: We've found that students are
the most engaged in a course where the delivery is
based on experiential learning AND involves both fun
and social elements e.g. field trips, off-campus group
projects. How can we encourage more active take-up
of this approach?

4. What are the costs of 'hands on' - including time to
do well and safely?

5. Can we find words for active learning (and indeed
blended learning) so our colleagues see these as things
they may already be doing? Because we need to
accept that there have ALWAYS been innovative and
creative teachers.

6. What is best practice in this context given the
employment opportunities or science graduates?

7. What spaces work best?

8. A burning question: Class attendance has been
shrinking over the last decade. We put a lot of effort
into improving the classroom experience, e.g. by
making learning (inter)active. What can we do to get
students to come again given all this effort? Or
should we not do anything?

9. How are Universities applying deeper and
challenging hands-on experience in the online guided
environment? What tools (other than video
instruction, manuals and traditional mechanisms) are
being employed?

10. How do we make sure best practice is shared
across and within our institutions?

11. Many of my colleagues do hands-on learning, but
it seems like it's just for fun. I'm not sure if they
understand that there are often different pedagogies
involved (i.e. constructionism). Help?
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