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Publication Ethics and Malpractice Statement

The New Perspectives in Science Education Proceedings, edited by Pixel and
published by Filodiritto Editore, is a collection of international peer reviewed Conference
Proceedings committed to upholding the highest standards of publication ethics. In order
to provide readers with Proceedings of highest quality we state the following principles
of Publication Ethics and Malpractice Statement.

1) Editorial Board

Pixel, the Chief Editor, coordinates the Editorial Board whose members are
recognized experts in the field of innovation in science education. The Editorial Board
members are the experts involved in New Perspectives in Science Education
Conference Scientific Committee. The full names and affiliations of the members of the
Editorial Board/Scientific Committee are provided in the related section of the
Conference Web Site. The Editorial Office is based at Pixel, Via Luigi Lanzi 12, I-
50134 Firenze, Italy.
Email: science@pixel-online.net

2) Authors and Authors responsibilities

Authors are obliged to participate in the p a p epees i@view process, responding to
the revi ewer s 6 anfl enmkinlg atleek requested corrections, retractions,
modifications and/or integrations.

All authors must have significantly contributed to the research work for the paper&
production providing real and authentic data.

Authors must have written original papers and are aware that it is forbidden to
republish the same paper.

Authors must provide the list of references and disclose all sources of financial
support.

Fees required for manuscript processing and publishing are stated on the
Conference Registration page.

3) Peer-review process

Pixel, as the Chief Editor, ensures a fair double peer-review of the submitted papers
for publication.

Peer-review is defined as obtaining advice on individual papers fromr evi e
expert in the field.

Papers submitted to New Perspectives in Science Education Proceedings go
through, first of all, an internal review and if they meet the basic requirements, they are
sent out for review by experts in the field, who are members of New Perspectives in
Science Education Scientific Committee. The Peer reviewers evaluate and give advice
on the papers.

The paper review process is clearly described below.

The reviewers evaluate the submitted papers objectively and present their opinions
on the works in the Review Form. Reviewers evaluate papers based on content without
regard to ethnic origin, gender, sexual orientation, citizenship, religious belief or political
philosophy of the authors. A reviewer who feels unqualified to review the research
reported in a manuscript notify the Editor and excluses herself/himself from the review
process.
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The Chief Editor strives to prevent any potential conflict of interests between the
author and the reviewers. Reviewers should identify relevant published work that has
not been cited by the authors. If a reviewer finds any substantial similarity or overlap
between the submitted manuscript and any other published works, she/he should inform
the Chief Editor. Private information or ideas obtained through reviewing the paper must
be kept confidential by the reviewers and not used for personal advantage. Papers
received for review must be treated as confidential documents. Without any
authorization by the Chief Editor, the information of the submitted paper must not be
shown to, or discussed with, others.

4) Publication ethics

The Reviewers must report to the Chief Editor any identified plagiarism, research
fabrication, falsification and improper use of humans or animals in research. The Chief
Editor strives not to allow any misconduct.

In the event that there is documented misconduct the following sanctions will be

applied:

1 Immediate rejection of the infringing paper.

1 Immediate rejection of every other paper submitted to in New Perspectives in
Science Education Proceedings by any of the authors of the infringing paper.

9 Prohibition against all of the authors for any new submissions to New
Perspectives in Science Education Proceedings, either individually or in
combination with other authors of the infringing manuscript, as well as in
combination with any other authors. This prohibition will be imposed for a
minimum of three years.

91 Prohibition against all of the authors from serving on the Editorial Board (Scientific
Committee) of New Perspectives in Science Education Proceedings.

In cases where the violations of the above policies are found to be particularly
outrageous, the Chief Editor reserves the right to impose additional sanctions beyond
those described above.

Guidelines for retracting articles are the following:

1 Retracting article will be considered if there is clear evidence that the findings
are unreliable, either as a result of misconduct, honest error, plagiarism, or if
the paper reports unethical research.

The main purpose of retractions is to correct the literature and ensure its integrity.

Notices of retraction will be promptly published on the online version of

the Proceedings available on New Perspectives in Science Education

Conference website and linked to the retracted article, accurately stating the

information of the retracted article and the reason(s) for retraction.

1 Articles may be retracted by their author(s) or by the Chief Editor (Pixel). The
Chief Editor has the final decision about retracting articles. The Chief Editor will
retract publications even if all or some of the authors refuse to retract the
publication themselves in case of unethical behaviour.

= =

Authors who wish to enquire about publication of a correction for their article, or who
have serious concern that they believe may warrant retraction, should contact the Chief
Editor.
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5) Copyright and Access

Copyright and licensing information is clearly described in New Perspectives in
Science Education website at Release for Publication.

The electronic version of the Conference Proceedings will be shared to all the
registered participants who paid the registration fee.

6) Archiving
New Perspectives in Science Education Proceedings books are digitally archived on
Google Scholar and Academia.edu

7) Ownership and management
New Perspectives in Science Education Proceedings are managed and edited by
Pixel and published by Filodiritto Editore.

8) Website

New Perspectives in Science Education Conference website demonstrates that care
has been taken to ensure high ethical and professional standards. It does not contain any
misleading information, including any attempt to mimic another journal/publisher& site.

9) Publishing schedule
New Perspectives in Science Education Conference Proceedings are published
yearly.

10) Name of journal

The pr o c e e chame g\evd Perspectives in Science Education is unique and
cannot be easily confused with another journal. These proceedings have ISSN code
from CNR.



7

®Filodiritto Editore i 10" International Conference New Perspectives in Science Education




8 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

INDEX

Biomedical Science Education 17

Elements of History and Evolution of Brain Science in High School
Work-Alternative Activities 18
Marina Minoli

Learning about Krebs and his Four Metabolic Cycles by Using

a Problem-Based Learning Approach 23
Miguel Angel Medina Torres, Angel Luis Garcia-Ponce,

Angel Blanco-Lépez, Ana Rodriguez Quesada, José Luis Urdiales,

Ignacio Fajardo, Fernanda Suarez, Francisco José Alonso Carrion

SimScape i Integrating Novel Teaching Strategies in Medical Education 27
Rajesh Kunadharaju, Munir Ahmed, Aakanksha Khanna, Karen Zinnerstrom,

Connor Grabowski, Adharsh Ravindran, Brandon Ewing, Vandana Pai,

Nalini Kalandhabhatta, Archana Mishra

Curriculum Development 32

Adaptation and Update of a Curricular Didactic Analysis Instrument

from STEM Teaching and Learning Units 33
Maria Teresa Sanchez Compafia, Cristina Sanchez-Cruzado,

Juan Antonio Macias-Garcia, Isabel Duarte-Tosso

Copyright Literacy as a Component of the Modern Information
and Media Literacy in University Environment: Project Concepts 39
Tereza Trencheva, Evelina Zdravkova

Chemistry Education 45

Assessment Tool for Scientific Thinking and Reasoning Skills:
An Inspiration for University Graduates in Natural Sciences 46

Lubom2ra Pyskat8 Rathousk8, Svatava Janougko
Eva Stratilova Urvalkova

Bromination of Fluorescein i A Facile Model Experiment for Electrosynthesis
in Chemistry Classes 50
Philipp Lanfermann, Christoph Weidmann, Tom Schiler, Thomas Waitz



9 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Digital and Low-Cost i Development of a Polarimeter on a Raspberry Pi 57
Manuel Wejner

Drugs within a Context of Chemistry Teaching 63
Theresa Jiunger

From Science to School 1 Educational Transfer Research of Modern Science
Topics in the Interplay of Curriculum Development and Empirical Research 69
Philipp Engelmann, Theresa Jiinger

Improving Scientific Practice Skills in a Virtual Chemistry Lab Course 75
Patricia Morales Bueno, Rosario Santos Rodas

Nanomaterials in Cancer Therapy i A Model Experiment
for Chemistry Education 81
Bjorn Bartram, Timm Wilke

Reducing the Cognitive Load: Facilitating Learning in Organic Chemistry
by Incorporating Mechanism Videos 87
Christoph Bley

Reimagining Student Laboratories: Design and Evaluation
of Two Innovative Concepts 92
Marcel Simon, Nicolai ter Horst, Timm Wilke

Science in the Spotlight: Didactic Reconstruction of Current Research
for Chemistry Education 99
Timm Wilke, Drik Ziegenbalg, Andrea Pannwitz

Teaching Entropy at Bachelor Level in a Conceptual Change Perspective 106
Vincent Natalis, Loic Quinton, Bernard Leyh

Transitions in University Lab Teaching in an Age of Pandemic 112
Thomas Anderson

Wor kshop on Friction Connecting School
to Recent Fundamental Research 118
Alexander Tasch, Niklas Weber, Dorothee Ammer, Cynthia A. Volkert,

Thomas Waitz, Mona-Christin Maaf3

Stude



10 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Enhancing Studentsd Motivation 123

BYOD to Enhance Students Motivation in STEM Learning 124
Beata Jarosievitz

Development of a Virtual Wetland Ecological System Using VR 360
for Applications in Environmental Education 131
Shun-Ting Chu, Wernhuar Tarng, Kuo-Liang Ou

Does the Organization of Study Groups into Different Knowledge Levels
Improve the Performance in a Bachelor Degree Course? 137
Anna Fensel

Ef fectiveness of Learning Assistants on Stud
in College STEAM Courses 144

Shintaro Tajiri, Naruhiko Shiratori, Yoshikazu Ishibashi, Tetsuya Oishi,

Masao Mori, Masao Murota

How Can Students Explore Critical Thinking as an Academic Practice 150
Alice Watanabe, Tobias Schmohl

New Approach to Teach Product Development in the Area
of Smart Textiles 155
Manuela Brauning

Why Studentsd I nterest in Science Declined?
Undergraduate Students 161

Shotaro Naganuma
Engineering Education 168

ASi (n)Ce Yow:ArAe PCTDDX iEwxxeprer i ence about Semic
Physic in Italy 169
Mariaconcetta Canino, Laura Vivani, Francesco La Via

Didactic Example of Physics Applied to Jurisprudence 175
Luca Indovina, Carmela Coppola, Carlo Altucci, Riccardo Barberi,
Rocco Romano

Drop Out and Attendance in Online Pre-Study Preparatory Physics Courses 180
Dominik Giel



11 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Interdisciplinary Course Smart Building Engineering:

A New Approach of Teaching Freshmen in Remote Teamwork Project

under Pandemic Restrictions 186
Lina Schulze-Buxloh, Rolf Gro3

REEdI: Rethinking Engineering Education in Ireland 192
Fiona Boyle, Joseph Walsh, Sara Morrissey Tuc ker , Donna O&She
Rian Stephens, Eoin O&onnell, Martin Hayes, Daniel Riordan,

Eilish Broderick, Parmjit Chima, Euan Lindsay

The Application of 3D Data Visualization in Education and Research 197
Ivan Trenchev

Educational Strategies 203
A Synoptic Approach to Science Education 204
Chris Brignell

Comparison of Two Different Educational Approaches to the Experimental

Teaching of a Luminometric-Based Analytical Method 209
Angel Luis Garcia-Ponce, José Antonio Torres Vargas,

Melissa Garcia Caballero, Miguel Angel Medina Torres,

Angel Blanco-Lépez, Ana M2 Rodriguez Quesada

Fostering St udeinthéRigitaEWaogld Geehmodogyti
A Boon or a Barrier? 214
Geetika Goyal

Gamification with Active Methodologies in Mathematics Learning
in Secondary Education 218
Silvia Natividad Moral Sanchez, Maria Teresa Sanchez Compafia

Hidden in Plain Sight: Students with Disabilities in STEM Education 225
Joseph Schneiderwind, Janelle Johnson, Adrian Cliffton,
Kimberlee Bourelle

Interdisciplinarity: Making the Teaching-Learning Process Global 229
and Motivating
Inés Braga

The Closing Down of Schools due to the COVID-19 Pandemic
and the Consequences for Science Education 235
Jan-Eric Mattsson, Ann Mutvei



12 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

The Model of Teaching Reading as a Type of Speech Activity to Foreign

Students of Philology in the Innovative Educational Environment 239
Olga Khaleeva, Alena Kuvaeva, Irina Leshutina, Yulia Naumenko,

Liliia Vokhmina

The Role of College-Level Mathematics in STEM Major Persistence 244
Jaimi Paschal, Amanda Taggart

Using Science and Creativity in Interdisciplinary Liberal Education 249
Alex Kizuk

Preschool and Primary Education 253
Changes in Electrodermal Activity During Science Experiments:

Preliminary Results of Case Studies with 6-Year-Old Children 254
Angelika Pahl, Reinhard Tschiesner

Communication Culture Development in Children Aged 5-6 Years Using

Educational Gaming Technologies 260
Anton Stoykov

Letting Mechanistic Reasoning Emerge: Pre-Service Teachers Scaffolding

Strategies in Primary School Classrooms 266
Victor Grau Torre-Marin, Isabel Jiménez Bargall6, Jordi Marti Feixas

Planning and Practice of a RIKADOKU (Science Reading) Program

fluntil Milk Arrives HomeoBased on the 5E-Model 271
Rumi Haraguchi, Asami Ohnuki

Primary School Studentsd Preconceptions
and the Water Nano-filters 277

George Peikos, Anna Spyrtou, Dimitris Pnevmatikos,
Penelope Papadopoulou

Study of Parentsd Attitudes to
During Pandemic
Liliya Goryunova, Nadezhda Markova

Pre-Ser vi ce TPRrafestienal Desvelopment

The Project Work Methodology that Promotes Articulation between
Educational Levels
Paula Quadros-Flores, Margarida Marta, Susana Sa

Di st ance
283

287

288

abou

Lear



13 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Where Were We: Science Teacher Professional Development
under the Night Sky 294
Richard Hechter, Gursevak Kasbia, Cameron McNabb

Science and Society 299

Chemistry and Society: Peer-Review as Teaching and Evaluation
Devices within a Multitude of Subjects 300
Sérgio P. J. Rodrigues

Educational Mobilization of the Society: Glllen Movement 305
Mehmet Evrim Altin

Hannah Arendtdés Philosophical Thought s
Foundation for SoTL Projects 310
Alice Watanabe, Tobias Schmohl

New and Challenging Perspectives in Science Education: Relationship

between Involved Parties, Intellectual Property and Intellectual Capital,

and Steps Identified in Intellectual Capital Study 315
Cristina Raluca G. Popescu

RAWSsiko i Materials around us: A Digital Serious Game to Teach about Raw
Mat er i a ltancé forlthe pransition towards a Low-Carbon Economy 322

Armida Torreggiani, Alberto Zanelli, Mariaconcetta Canino,
Alessandra Degli Esposti, Emilia Benvenuti, Renata Lapinska-Viola,
Lorenzo Forini, Maurizio Turinetto

Some Educational Innovations for Overcome the Deficit of Information
Literacy in a Time of Crisis 329
Steliana Yordanova, Diana Stoyanova, Stoyan Denchev

SOS for Researching Seafarers 1 Introducing Professional Doctorate
in Maritime Education 333
Goran Vukelic, Ana Peric Hadzic, Alen Jugovic

The Role of the Bulgarian Church in Education i Traditions and Modernity 339
Maria Nikolova, Sofia Vasileva, lvanka Yankova, Stoyan Denchev

Value-Based Management as an Opportunity to Increase Performance

of Higher Education Institutions in Romania: Discovering Successful Methods

and Representative Models of Measurement for Intellectual Capital 345
Cristina Raluca G. Popescu

Pl



14 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Science and Environment

Glyphoscape: An Escape Room Game based on the Biochemical Principles

of Herbicides using the Example of Glyphosate
Hilko Aljets, Niklas Momberg, Ingo Mey, Thomas Waitz

Rakursi Gallery i Initiatives for People with Visual Impairments
Sanya Sachanska, Tania Todorova

The Anthropocene Project i A Solution to the New Environmental
and Digital Challenges

Cintia Colibaba, Irina Gheorghiu, Carmen Antonita, Ovidiu Ursa,
Claudia Elena Dinu, Anca Colibaba

The Effectiveness of Physics Lab Reports and Practical Tests as Assessment

Tools of Practical Skills
Rodrick Cini, Martin Musumeci

STEM Education

ADonét Throw Away your Mobile! 0:

in Electronics through citizen education
Mariaconcetta Canino, Armida Torreggiani, Alessandra Degli Esposti,
Mirko Seri, Alberto Zanelli

A Systematic Review of the Use of BBC Micro: bit in Primary School
Michail Kalogiannakis, Effransia Tzagaraki, Stamatios Papadakis

Al-Based STEM Education: Generating Individualized Exercise
in Mathematics

Markus Lange-Hegermann, Tobias Schmohl, Alice Watanabe,
Stefan Heiss, Jessica Rubart

Analysis of Plant Reproduction Representations in Austrian
Biology Textbooks
Peter Lampert, Tamara Ehrenhdfer, Michael Kiehn, Martin Scheuch

Application of Cloud Technologies in Science Education
Stefka Tzanova

Digital Challenges in Education Crisis i Case Study of ESTGL
Ana Branca Soeiro de Carvalho, Nidia Menezes, Fernando Santos,
Carlos Costa

Pupi

352

353

358

362

368

373

374

379

385

391

398

403

Per



15 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Enhancing STEM Education for the Online Environment
Melissa Caspary, Diane Boothe

Evaluation of Student Understanding of Uncertainty in Level 1
Undergraduate Physics Laboratories
Philippa L. Petts, G. Peter Swift, Samuel C. Nightingale

Examination of the Theoretical Framework for Science Learning Material
Incorporating Activity of Engineering in Elementary School STEM Education
Yuuri Kimura, Rumi Haraguchi, Tadashi Ohtani

Green Education for a Sustainable Future
Iro Koliakou, Virginia Arvaniti, Elias Kalambokis, Tharennos Bratitsis

How to Incorporate Local Wisdom and Powerful Ideas into Creation
of Innovative STEM Projects for Sustainable Agricultural Development
Ruetai Chongsrid, Sukasem Awnpoon, Naruemon Sukkasame

PHERECLOS: Boosting Science Capital and Promoting STEAM
Engagement with Open Schooling Approaches
Phil Smith, Chris Gary, Cyril Dworsky, Florian Huber, Laura Cristea

Problem-Based Tuition in Blended Environments
Sarah Gretton, Dylan Williams, Derek Rayne

STEM Education in Gulen Inspired Schools through Extra Curricula Activities
Mehmet Evrim Altin

STEM in the Classroom through Problem Solving on Bacteria and Drugs
Ménica Arnal-Palacian, Ifiigo Rodriguez-Arteche

The Effect of a Number of SEC Subjects on A Level Physics in Malta
Nicola Cutajar, Martin Musumeci

The Prospect of Using Automatic Programming Assistant for Providing
Direct Feedback in an Online Learning Environment
Marko Jevtil, Saga Mladenovil, Goran

Training of Science Teachers

Can Teaching on Ticks Increase Learning about Body and Health?
Ann Mutvei, Jan-Eric Mattsson

409

413

420

426

431

435

440

444

450

456

461
Zahari|j

466

467



16 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Lesson Study as a Vehicle to Foster Teacher Agency:
A Systematic Literature Review 471
Mairead Holden, Nikolaos Fotou

The Affective Dimension Implied in Mathematical Problem Solving
by Future Primary Education Teachers 476
Ifigo Rodriguez-Arteche, Mdnica Arnal-Palacian

Using Two-Eye-Seeing to Integrate Science Teaching and Indigenous
Practices in a Graduate Course for Teachers 481
Lilian Pozzer, Amy Farrell, Richard Hechter



17 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

Biomedical Science Education



18 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

LEIements of History and Evolution of Brain Science
in High School Work-alternative Activities

Marina Minoli!
National Biologists Order, Scientific High School W. Marconi, (ltaly)?
Royal Society Biology, (UK)?

Abstract

Modern and historical elements of international researches about Brain Science were
integrated to realize innovative high school i work alternative activities (PCTO) into
interdisciplinary educational itinerary with students that have good knowledge about
basic elements of neuroscience.

Perspectives in future brain science researches were realized also with different
seminaries of biology-didactic researcher and one coplanning innovative seminary with
neuroscientist about historical and modern aspects of octopus studies for brain science
applications; collaborative and creative activities with IBSE methodology learning in
contamination between different disciplines. Students have participated to individual and
cooperative working, modern laboratories activities for elaboration and interpretation in
critical thinking of neuroscience original international articles, also about history and
evolution of a neuroelectrophysiology technique. Classes were divided in little groups to
realize, with specific role for each student, thematic works about different historical
topics: neuroscientistsébiographies and discoveries. One particularity of this project was
the remodeling of second phase during COVID-19 pandemic, realizing some activities in
smart working: students with students into different team work and students with biology
researcher-teacher, also publishing in innovative digital platform created by biologist-
teacher, also writing report in international 2020 brain science digital context.
Neuroscientific literacy work and brain science reading activities were realized to create
into each group i nnov asimuwatng rleof sciertist ih redlizing
professional poster for international congress with guide and instructions of biologist
teacher. At the end of project was organized and realized a Virtual Neuroscience
Conference as in real scientific congress with remote digital activities in which all
students have presented different parts of realized brain posters. In the project
monitoring phase students have expressed your idea about all realized activities
important for world of work. Students have compiled terminal report of project in which
have declared that digital activities were very useful to develop soft skills in cooperative
team work realizing researches and final product of poster with specific role for each
member of group. Were important for students oral and written communication skills,

also in realizing virtual mo der n c cayifiteer e nc e

competencies in analyzing some international neuroscience articles i reports and in
relating elements of biographies of neuroscientists also with debate method.

Keywords: IBSE methodology, soft digital skills, brain science, multidisciplinary didactics,
history of neuroscience, virtual brain conference
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1. Introduction

Modern and historical elements of international researches about Brain Science were
integrated to realize a high school i work alternative activities (PCTO) for scientific High
School into modern educational itinerary with students that have good cognitive skills
about based elements of neuroscience.

Perspectives in future brain science researches were realized also with different
seminaries of biologist-didactic researcher and one coprojected innovative seminary with
neuroscientist of International Brain Science Research Centre about historical and
modern aspects of octopus studies for brain science applications; collaborative and
creative digital learning with IBSE methodology in contamination between different
disciplines, realizing multidisciplinary didactics (Biophysics, History of Science, Brain
Science, Physiology, ICT).

With individual and team work, students have participated in different laboratory
activities also for elaboration and interpretation of neuroscience international articles with
cooperative working about discovery, history and evolution of an electrophysiology
technique, integrating different experiences also to answer some questions. Elements of
international scientific articles with key words and important concepts to know the
different phases of neuroscientistd work also to
questions: which part of article do you think more interesting and why, which more
scientific difficulties to arrive at the different applications research of brain science
techniques, at witch theoretical and practical experimental phases did you prefer to
participate or to give contribution with motivation ofanswer.

2. Methods

In the first part of project students have worked with critical thinking, elaborating
written answers to seminary about brain octopus intelligence and physiology studies:
which elements of seminary do you prefer, which are objectives of researches presented,
which relationship between scientific and historical disciplines in the seminary, which
elements of seminary have permitted you to better understand experimental approaches
of scientific researcher, analyzing the different parts of seminary i which scientific
elements do you think to be useful for future researches about neuroscience and
regenerative medicine with motivation of answer. In cooperative working and individual
activity all students have also worked reading an article of Nature (The oct opus ds
genome and the evolution of cephalopod neural and morphological novelties, Nature
524, 220-224, 2015) and observing a video about Genome of octopus to synthesize
innovative elements of these researches presenting in class all important information
and to communicate the results of works info team groups also constructing scientific
section of brain site platform. A lot of interesting experiments have demonstrated the
high capacity of cephalopoda to conserve information and to realize intelligent behaviour
in different contexts, important researches also to project biorobot for biomedicine
inspired to functions of these animals.

In the second phase of project all students have attended different seminaries of
bi ol ogy professor about efiTimet hbordaocilno gy c iweonrcke
Neuroscience for cooperative working: one innovative experimental technique for the
neuroscienceo, iHow to realize a digital p |
important the creation and the management of Neuroscience group Team in remote e of
project in march 2020, mostly in realizing thematic posters into different team research
brain science group.
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High School students were divided in five little groups to realize, with specific role in
each group (responsible, digital expert, text translate expert, oral and written
communication expert), thematic works about different historical topics: neuroscientistsd
biographies and discoveries (Montalcini group, Golgi and Memory group, European
History of neuroscience group, Golgi and Cajal group, Huxley group) working learning
by doing. One particularity of this project was the new modulation of second phase of
work during Covid19 pandemic, realizing some activities in smart working: students with
students into different team and students with biology researcher-teacher, also
publishing all written activities in innovative digital PCTO platform and publishing in
international 2020 brain science digital context as partnership of international DANA
Foundation Brain Science week after accepted documented written proposal of biology
professor of classes.

3. Results

Neuroscientific digital literacy and brain science reading activities were realized to
create into eac hdigigalboainpostersgrsinulaingiroleef séientist in
realizing professional poster for international congress with guide and instructions of
biologist 7 teacher. At the end of project was organized and realized a Virtual
Neuroscience Conference as in real scientific congress with remote digital activities in
which all students have presented different parts of realized digital brain posters. In the
project monitoring phase students have expressed your idea about all realized activities
important for world of work.

Different integrated learning and IBSE strategies were realized in brain science
project: from historical didactics research approaches to modern experimental impacts,
from bi dndividaapwork t cooperative group activities in which all students have
specific role (coordinator group, articlesbtraslate specialist, informatics specialist for
interactive poster, editor specialist for elaboration communication of different activities
and researches, also control written texts). From individual with specific skills for different
works to communication social activities for community, different activities realizing
sharing all work& products in Brain Science Innovative Interactive Collection Platform
was useful for evaluation of project by biology teacher.

In this Brain science itinerary were integrated different teaching methodology and
strategies to guide students in learning and working by doing: to create an international
scientific conference simulation, to consult international scientific database, to participate
in brain science platform with cooperative working, to realize job strategies with IBSE
research methodology in comparison international neuroscientific articles, to realize
innovative digital brain science thematic posters and to present all posters in virtual
constructed conference.

All these activities were useful to promote transversal skills related to written reports
after reading scientific texts, to participate in active way to scientific seminaries
identifying key elements, organizing competencies about respect for all work times,
collaborative competencies in team work important in job reality. Others transversal skills
about relational competencies as students referee or director in different activities,
documentaries competencies to produce text also for international publication in Brain
Science Week 2020, responsibility competencies in management of brain science group,
debate competencies in relation thematic of different groups, capacity to follow the
guidelines of professor responsible of project. Technical competencies in using
informatics platform, in realizing scientific posters to work world, in individual
communication into time work assigned, in using with correct way scientific language,
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both written and oral, also simulation of Neuroscience Conference. Original work of
students was realized in reading and in analysislongandc ur i ous t ext

i Ri

t

comicstoryi Mont al ci ni a pi o nieEnopeanBrain Regearohdnstitueen c e 0

R. Levi Montalcini (Franco Nobili e Manfredo Toraldo), scientific biography document
with motivated identification report by student on which cartoons and images (five
elements) were more interesting for team group.

All students have compiled terminal report of project in which have declared that
different digital activities were very useful to develop soft skills in cooperative team work,
realizing researches and final product of poster with specific role for each member of
group. Students have considered very important the communication skills in realizing

virtual moder n tctolnd esenent iasst sl,i cognitive

international neuroscience articles reports and biographies of neuroscientists (R.
Montalcini, A. Huxley, E. Kandel, R. J Cajal, C. Golgi) with elements of historical and
modern evolution of researches.

4. Conclusion

Interdisciplinary approaches in distance digital working and learning were an
important challenge in working methods for biology professor and students, were useful
to create a different dialogue about part of project. Contamination between historical and
experimental disciplines science, helping students to work with motivation and interest
also in distance work sharing and communicating as little scientists all results of
researches, was very important to guide the class in realizing digital elaborations of
different activities in project learning PCTO methodology. Historical neuroscience
itinerary with protagonists of discoveries and innovative technology applied in brain
science was very useful to involve in inclusive way all students in reason reflections into
scientific high school community, educating in critical thinking to elaborate conscious
evaluations and ethical considerations about benefit and possible effect of achievements
of modern brain science on social impact, about the future relationship with intelligent
machines and devices capable also to do integrative or human replacement functions.

At the end of project all groups have presented reports of different activities realized
in these PCTO itinerary. Students have answered some questions about different
aspects of projects: considerations about historical and experimental elements with also
possibility to explain individual idea for future impacts on society of modern brain science
researches, to explain which neuroscience aspects of Brain Science PCTO work-
alternative itinerary were motivating and orienting for individual future studies and
professional career choice.
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Abstract

In the context of an Educative Innovation Project (EIP) to be developed in the academic
curses 2019-20and 2020-21 and entitled ACol | abwyrbasedi ve |
on projects and <case anmdothers previoss rElP,swe lhave n g o
designed and used problem-based learning (PBL) cases to help our students to study
metabolism and tis regulation. One of these PBL cases was focused on the four
metabolic cycles described by the Nobel prize winner Sir Hans Krebs. In two subjects
dedicated to the study of metabolism regulation, one from the Biology Degree and the

other from the Biochemistry Degree, we recruited volunteers to work in groups and
collaboratively to solve the PBL cases. The final grades in the global evaluation of the
students who participated in this activity were notably better than those who did not. In

the present communication, this experience is analyzed and discussed. This work is
supported by an Educative Innovation Project (PIE19-057, funded by University of
Malaga).

Keywords: collaborative learning, Krebs, metabolism
1. Introduction

Biochemistry is considered to be a very demanding and difficult discipline for science
students. Within the contents of a general biochemistry, metabolism, its regulation and
integration are one of the most complex topics of study for students, due to its broad
contents and the need of integrate them in a biologically meaningful manner [1-4]. We
have incorporated collaborative and flipped learning strategies to make our students key
players in their own learning process [5-13]. It has been claimed that collaborative
learning strategies helps students to study biochemistry and metabolism [14-17]. The
use of problem-based learning (PBL) has been of paramount importance in order to
achieve this aim [4, 13, 18-20].

2. Design and contents of the PBL devoted to the four cycles described by Krebs

The whole activity was designed within the framework of a design-based research
methodology [21] and applying a teaching learning sequence (TLS) [22] focused of a
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PBL devoted to the four cycles described by Sir Hans Krebs [23, 24]. The same TLS can
be applied for PBLs devoted to different metabolic contents, as illustrated by the flow
chart of the TLS adopted by us in the case of another PBL devoted to glycogen
metabolism [see figure 1 in 25]. At the beginning of the TLS the PBL should be designed
and its contents selected. In the present case, we decided to prepare a set of activities
helping the students to learn the four metabolic cycles described by Krebs, their
regulation and their integration with other metabolic pathways. The critical role of Sir
Hans Krebs in the elucidation of the urea cycle and the tricarboxylic acid cycle is well
known and usually well described in general biochemistry textbooks [26-28]. However,
it is much less known that Krebs also had a key role in the initial description of other two
metabolic cycles, namely, the glyoxylate cycle and the uric acid cycle [23, 24, 26-29].

The Afour KrBk hdudled dbyguidea tasks ofganized around four topics,
as follows: (1) Historical aspects of the scientific studies of Sir Hans Krebs, six tasks. (2)

On the structure and properti es of some mol ecul es involved
the topology of theses cycl es, 10 tasks. ( 3) The Kreb
metabolic integration, 21 tasks. (4) Diseases linked to a misfunctioning of the cycles
described by Krebs with biochemical foundations of selected clinical cases, 9 tasks.

A relevant part of these tasks was selected from known and prestigious textbooks
and student& guides on biochemistry [26-29] as well as cases and patient profile cases
contained in the instructor® resources of Voet and Voet Biochemistry [26] and Marksé
Basic Medical Biochemistry [30]. Additionally, some tasks focused on pedagogical
resources elaborated by students of our courses on metabolism enrolled in previous
academic years, as well as on selected original and review scientific articles and the
exploitation of useful online resources, including biological databases. In all the cases,
the guided tasks were designed to stimulate critical thinking and cooperation, rather than
competition.

Once designed and prepared the whole PBL, the complete set of activities was
properly presented to all the students of the courses from which volunteers were later
recruited.

3. Recruitment of volunteers and implementation of the tasks in a model of
collaborative learning and flipped class

At our Faculty of Sciences (University of Malaga, Spain), metabolism is a topic
covered in three mandatory courses (one in the second academic year of the Degree in
Biochemistry, another one in the second academic year of the Degree in Biology and
the third one in the third academic year of the Degree in Chemistry), which are mainly
devoted to the study of metabolism, its regulation and its integration. For the present
educational experience, we recruited volunteer students among those enrolled in the first
two mentioned mandatory courses at the beginning of the second semester of the
academic year 2018-19. Volunteer students signed a learning contract [12] and were
split in groups of 3-4 components. Afterword, the PBL contents were presented and
commented to all the groups, which started to work autonomously to solve the whole
PBL on their own for the following two months. During this time of autonomous work,
groups could demand tutoring from their professors any time they felt they need it. At the
end of this period of time, each group had to present a report with the detailed answered
to all the tasks of the PBL and the solutions provided by the different groups were
contrasted and shared in a public session at the classroom.
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4. Educational results

To evaluate the impact of this PBL activity on the learning process, three kinds of
analysis were implemented: (1) all the enrolled students (volunteers that had signed the
teaching contract and those that had not) anonymously answered the questions of a test
on their knowl edge tfiewprkand thexngetatholic eveles@esesribed e
by him both at the beginning and at the end of the semester; (2) the reports from every
involved volunteer group were analyzed and evaluated; and (3) scores of volunteers and
students not involved in the learning contract in the final exams were compared.

The increase in the percentages of correct answers in the post-test as compared with
the pre-test was greater among the volunteers than among the students that did not
signed the learning contract. Furthermore, global scores were remarkably better for
those volunteer students that had signed the learning contract rather than for those who
did not. Most of the volunteers declared that they felt that this PBL approach has been
useful for them, believed that they had learned more, but that they also have worked
more and harder than for the resolution of other kinds of tasks. Overall, around an 80%
of students enrolled in this study declared to be fivery satisfieddor fsatisfiedowith their
experience.
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Abstract

A shift is needed from a teacher centered to a more learner centered approach in medical
education to meet the needs of our current generation [1, 2]. We have incorporated
innovative opportunities for peer-group learning, in a psychologically safe environment,
to enhance retention of knowledge, encourage development of leadership, empathy and
teamwork skills. Escape Rooms are a team-based activity where a group completes a
series of puzzles to achieve the goal of escaping. They are emerging as a popular
educational tool to impart new knowledge and skills with entertainment [3]. Medical
Simulation has become an integral strategy in medical education; it provides a risk-free
environment to teach complex, high-risk, low-frequency events without involving human
patients [5]. We created a unique experience for our 4" year medical students during
their orientation to Advanced Medicine Sub-internship. They solved an Escape Room,
followed by medical simulation cases using high-fidelity simulators where they
responded to a rapid response call together. We received overwhelmingly positive
feedback on a survey that was conducted following the orientation. Among 111 students
who have participated, 100% found these sessions helpful. With reference to the Escape
Room exercise, 67.9% found it very useful, 20.2% found it moderately useful, 10.1%
found it slightly useful and only 1.8% did not find it useful. In terms of the Simulation,
78.9% found it very useful, 14.7% found it moderately useful, 6.4% found it slightly useful
and 0% found it not useful. Given these results, we are expanding our efforts and
currently a pilot study is being conducted in our internal medicine residency program
using these strategies. In our experience, incorporating play will innovate medical
education for new learners. However, further studies are needed for successful
integration into the medical curriculum.

Keywords: Escape Room, Medical Simulation, Medical Education, Internal Medicine,
Sub-Internship

1. Introduction
Current medical education needs doctors to be better equipped with the adult learning

skills necessary to adapt and change based on the community they serve. A shift from
a teacher-centered to a more learner-centered approach meets the needs of our current
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generation [1, 2]. Adults are usually motivated by learning that is perceived as relevant,
participatory, and actively involving them [2]. As medical education is a lifelong process,
a physician& learning is usually problem-focused and builds on their previous
experiences. Problem-focused, seasoned doctors can take responsibility for their own
learning by involving cycles of action and reflection and building on their own experience
to immediately apply them in their practice. However, the medical students and young
doctors are overwhelmed by the vast amount of information they need to process with
little experience with clinical application. They have a short time to reflect on their
activities, and a small mistake can significantly dent their confidence and mutual trust as
well as respect from their patients and peers, leading to stress in their medical careers.

Gamification based learning methods like a full-size clinical escape rooms and
problem-based learning methods like programmable simulated mannequins help young
doctors provide a means of improving self-confidence, time to reflect on their actions
based on feedback, master the elements of team building, and develop mutual trust and
respect to their peers to solve the complex problems [3]. These innovative methods
provide exposure to complex real-life stressful situations with stress and risk-free
environment to enhance their teamwork skills and application and retention of medical
knowledge.

2. Novel Teaching Strategies in Medical Education

Subinternship is one of the first chances for a fourth-year medical student to be
directly in charge of patient care, which is different from a basic medicine clerkship
exposure as a third-year medical student. It provides the opportunity to learn and care
for the patients in a safe, supervised, yet autonomous environment, just like someone
would in their early postgraduate years. Although sub-internship is a fascinating and
essential experience, it can be fairly intimidating [6]. The training takes place on general
medicine services, intensive care units, or subspecialties and with the expectations of
real-time application of medical knowledge to address the patients6critical needs. Due
to the lack of clinical experience, understanding of care team dynamics and resource
availability of different environments, depth of knowledge, the subinternship can be
overwhelming and stressful. That in turn can make the experience sub-par, leading to
low confidence levels and loss of self-belief. Sometimes, despite the patient& delivery of
care with the right intention, an unforeseen complication leading to a near miss can
cause a loss of mutual trust and respect from patients, peers, and supervising
physicians. Young doctors should understand early in their career that patient care
needs to apply acquired medical knowledge during initial medical training as a part of a
collaborative team effort with appropriate navigation of time and resources while
minimizing adverse events. To provide them with the window of opportunity to simulate
the real clinical situations to improve self-confidence, team building, time management,
and situational awareness with a risk-free and psychologically safe environment, we
created a curriculum to orient subinterns before starting the advanced medicine rotation.

This curriculum involves the simulation of cases using a high-fidelity simulator, an
innovative medical themed escape room, point of care ultrasound training on
standardized patients, and a session of nuts and bolts of advanced medicine by faculty
and/or chief residents. We received overwhelmingly positive feedback on a survey that
was conducted following the orientation. Among 111 students who have participated thus
far, 100% found these sessions helpful. In the written feedback, sessions were reported
to be very interactive, entertaining, hands-on, serving as a medical knowledge refresher.

Participants were happy about learning teamwork, communication, and reported the
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session helped in alleviating anxiety around patient management in an emergency
setting. One student mentioned, firhis was a low-stress introduction to advanced
medicine that outlined expectationsa The other student quotes, fit was a good balance
of necessary information for success in the internship, with engaging, interactive
educational sessions mixed ino .

2.1 Simscape i Incorporating Gamification into medical learning

Gamification is the application of typical elements of game playing in a non-game
context [7]. The concept serves medical education as it promises to make stressful
learning processes fun and enjoyable. It helps to motivate learners, increases
engagement and encourages social interaction in a learning environment [8]. Escape
Rooms are a team-based activity where a group completes a series of puzzles to achieve
the goal of escaping [3]. To introduce gamification into our orientation curriculum, we
added a medical themed escape room to our pilot project, SimScape. The objective of
Simscape is to facilitate autonomy, effective teamwork, with sets of achievable goals for
participants. The participant is expected to generate an idea with available clues,
appropriately communicate with other team members to solve a complex medical puzzle
within a given time constraint. With this activity, we aim to improve effective
communication, team building, situational awareness, proper use of resources, and
boost self-confidence. The three factors that attribute to the popularity of escape rooms
in medical education are the new generation population, gamification& societal impact,
and its delivery convenience [3].

When asked about the escape room experience, out of the 111 students that were
surveyed, 66.7% found it to be very useful, 21.6% found it moderately useful, 9.9% found
it slightly useful, and only 1.8% did not find it useful. One student found this exercise
helpful, quoting, fLearning to work as a team and understanding the importance of
individual roles that enhance teamworka Based on encouraging positive responses to
our Simscape project, we plan to continue this orientation curriculum as a long-term
project, and hope to make a positive difference in the studentsdeducation. We believe
that despite appearing to be a superficial form of entertainment, Simscape when used
effectively, will act as a low-cost, high-impact resource for a variety of learners. However,
due to the pandemic, changes will need to be made to the structure of Simscape (such
as masks, hand hygiene, reducing the number of students in each session, etc.) to
ensure continued safe implementation until all the students are vaccinated. The
limitations of an escape room session are lack of human factor, malfunctioning
games/puzzles, initial moderately high costs to create and conduct a life size
environment however once created, the games can be changed very easily based on
learner objectives and learner levels.

2.2 Simulation i Risk-free environment for managing complex medical cases
Simulation is helpful to supplement training in real clinical situations. In the traditional
medical learning apprenticeship model, the expectation is the learners should start with
more manageable tasks and then proceed to more challenging ones. However, it is not
always the case to have a graded exposure to challenges in the real world. The
simulation creates an experience of undergoing a clinical scenario with graded levels
without involving human patients to overcome these constraints [5]. In a psychologically
safe environment, simulation allows learners to experience failure and recognize when
they are approaching or crossing their competence limits. The ability to pause, restart
and replay a clinical encounter during simulation provides invaluable opportunities to
apply educational principles to the clinical setting. It is also possible to give the learners
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the tasks of a suitable level of challenge to provide feedback with the room to improve.

It also offers an opportunity to create tasks that would otherwise be impossible owing
to limited materials or resources. We use high fidelity simulators to simulate various case
scenarios replicating rapid response calls addressing critically ill patients and mock
codes. We aim to educate medical students on the various aspects of medical care
delivery to navigate patient evaluation, interact and effectively communicate with the
multidisciplinary team in high adrenaline situations, situational awareness, timely
decisions, and their impact on patient care. Regarding the high-fidelity simulation, among
the 111 students who participated in the exercise, 77.4% found it very useful, 16.2%
found it moderately useful, 6.3% found it slightly useful, and 0% found it not useful. When
asked to describe the experience, a student stated, ASi mulation hel
work in teams but the medical ma n. dhe strargth t
of the simulation module is to have educators at various levels of training to understand
the gaps and needs of the trainee and work towards the common goal of the improved
educational experience. The limitations of the simulation are lack of human factor,
malfunctioning mannequins, and high costs to purchasing and managing the simulation
setting.

2.3 Other learning opportunities

Our orientation curriculum also incorporates learning the basics of point-of-care
ultrasound (POCUS) for patient evaluation. The students well received the session and
reported that this motivated them to learn more about using bedside ultrasound in clinical
evaluation. When asked about POCUS, out of the 111 students who participated in the
exercise, 75.6% found it very useful, 18% found it moderately useful, 6.3% found it
slightly useful, and 0% found it not useful. Based on this feedback, the interestin POCUS
in our new generation of students shows the willingness to incorporate new technology
into medical training and the eagerness to learn and adapt with time.

The other aspects of our curriculum focused on nuts and bolts of advanced medicine,
educating expectations from sub interns, educating polypharmacy, choosing wisely,
pager education, sign-out process using I-PASS.

3. Conclusion

With the changing scope of medical education, the incorporation of learned-based
education techniques like high fidelity-based simulations, escape rooms, and POCUS is
well received by the current generation of young doctors in training. As an educator, we
should continuously lookout for innovative ways for providing education to fulfill the
aspiration of young budding doctors.
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Abstract

We begin this project by introducing an instrument designed for textbook analysis which
has been brought forth from extensive research in which didactic analysis was used as
a research methodology. It has proven itself necessary in the development of the
teaching-learning processes of Science, Technology, Engineering and Math (STEM) [1].
Didactic analysis is considered a field of research in Mathematical and Scientific
Education which allows for the examination and comprehension of the phenomena of
Mathematical and Scientific Education, and their intervention with certain assurances.
Despite the indisputable power of this instrument, we are adapting and updating it to
include and consider the gender perspective, which was neglected in [1]. With feminism
being a crucial element to our line of work, it proved essential to adapt this instrument
so that the gender perspective took on the main role which we believe it deserves.
Furthermore, the scheme has been simplified and updated to a more technological and
easily accessible format. By implementing these modifications, we intend to facilitate the
systematization and comparison of the analysis results, which is quite complicated within
the current format. These enhancements are being tested by applying them to a sample
of textbooks and thus validating them.

Keywords: Didactic Analysis, STEM, Mathematical and Scientific Education
1. Introduction

Overall, the main purpose of education is to provide students with the means to
develop their physical, personal, social, and moral autonomy [2]. Therefore, Science-
Technology-Engineering-Mathematical Education (STEM) in particular must not be
limited to the exclusive learning of the use of mathematical and scientific instruments.

Instead, it must go much further by helping students comprehend math and sciences
so that they can adapt themselves to their environment and thereby organize and
transform it. Furthermore, it must prepare the individual to analyze the current options in
any given situation and select the best one [3].

It has been three decades since [4], affirmed that certain forms of mathematical and
scientific activity favour mainly the development and acquisition of cognitive abilities i
hence the formative interest of its teaching. However, the formative values associated
with mathematics and science are not simply limited to the cognitive aspect. They are
active on a global scale and connected to human standards and values as well as to the
emotional field.

Today, progress is being made on this idea, as [5] affirms that Mathematics has a
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threefold character: Instrumental, Functional and Formative. It is a uniquely
interdisciplinary subject as it is related to virtually all fields of study, not simply in its
scientific-technological aspect. For instance, it is interwoven within seemingly unrelated
disciplines such as the Social Sciences, Music, Sports, Poetry and Politics. Although the
formative character or Mathematics is usually forgotten in the teaching-learning
processes, it still proves to be just as crucial of a component within the framework of a
well-rounded society of the 215t century. For this reason, proposals in this regard are
beginning to emerge [6].

Specifically, in [7], it is stated that in order for a quality STEM teaching-learning
process to take place, one should promote the acquisition of attributes such as being an
observant, predictive, critical-reflective person, among others. These attributes will allow
for effort to be made regarding the scientific practices of modelling, inquiry and
argumentation. Additionally, they will allow for other characteristics to emerge which deal
more directly with social and moral skills and abilities such as being a respectful,
empathetic or gender-conscious person. This document focuses on the last aspect, as
it may be observed from the search for information regarding this matter that the scientific
community has demonstrated that the historical and current position of women in
mathematics and science has been utterly deprived.

We maintain that there are numerous explanations that have led to this: The non-
inclusive language and images used, the overall scientific images or perception which
have been transmitted to us through culture, and/or the gender stereotypes transmitted
through the education system, families, social networks or the media.

In most cases, this causes girls to not have female role models to look up to, and it
implies in a very direct way that the number of women pursuing STEM careers is vastly
lower than the number of men, [8].

Thus, as an educational research team dedicated to teacher training, we set out to
study the importance all of this has in overall teaching performance.

In order to analyze whether a STEM teaching-learning process accurately meets
these characteristics, it was proposed to design a new instrument, which would allow
precisely this.

As a starting point we focus on the teaching-learning processes suggested by the
current textbooks, and for this we start from the analysis instrument proposed in [1] by
teachers of the Faculty of Educational Sciences of the University of Malaga, based on
Didactic Analysis (DA). DA is a non-empirical methodology of a meta-analytical nature
for the study of a problem or a field of research in Mathematical and Scientific Education.

It allows examination and understanding of the phenomena of Mathematical and
Scientific Education and intervenes on them with certain assurances. In this document,
we use it to analyze a didactic unit, a textbook or a portion of a textbook (in its Didactic
Curricular Analysis modality) [1].

It is necessary to recognize the leading role that textbooks have played in the entire
didactic process, which has made them an object of traditional interest in didactic
research [9]. The student body assumes that the textbook is the exclusive work and
learning guide, and that it contains all the information that one needs to and must know
[10].

After having repeatedly used the textbook-analyzing instrument [1] designed by
Gallardo and Gonzélez based on Didactic Analysis, one can see that it is quite tedious,
both due to length and format. Furthermore, it does not take into consideration the
aforementioned aspects [8].

The objective of this work is to adapt the instrument presented in [1], based on the
Didactic Analysis, so that one may analyze the didactic potential of a given textbook with



35 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

respect to the gender perspective. In addition to simplifying the scheme, it has been
updated to a more-accessible and user-friendly technological format. These changes will
permit subsequent systematization and analysis results comparison (both being quite
complicated within the current format). Consequently, information may be obtained
which will in turn help publishing companies in the designing of their textbooks.

2. Results
Part of the theoretical research work carried out by the group is gathered from [11],

with the purpose of defining the categories and dimensions allowing us to adapt the
instrument so that it responds to our concerns. After the theoretical study carried out,

five main categories have beenpr oposed for the new design of
of Scienceo, AAwareness oSe¥kembl baRglagdodet

ifGender Perspective Behaviord and AEmMmodtdi
with a series of indicators (22 indicators in total) Table 1.

These five categories and their corresponding dimensions serve as the backbone of
the new instrument.

Table 1. Categories and Indicators
CATEGORIES INDICATORS
Images of Science Importance in Society
Collaborative Image of Science
Image of Science Outside of Academics
Image of Science Beyond the Empirical Field
Non-Elitist Image of Science
Stereotypical Image of Science and Technology
Broad Professional Image of Science
Image of Science, Technology and Mathematics
Connected with Art and Creativity
Awareness of Female Visibility of Women Scientists
Role Models Visibility of Women Contributions
Visibility of the Context in Which Contributions
of Women Scientists were Created
Non-Sexist Language and | Usage of Alternatives to the Generic Male
Images Characteristics of Non-Sexist Discourse
Characteristics of Non-Sexist Images
Gender Perspective Equality
Behavior Women Appreciation
Emotions Fun/Happiness/Enjoyment/Pleasure
Expectation/Enthusiasm/Curiosity
Attraction
Interest
Safety/Trust/Gratification
Calmness/Peace

For each of these indicators, three exclusive levels have been defined, with which
each indicator is valued as fPositivelyo(N3), Neutrallydo(N2) or iNegativelyo(N1).

By using the instrument of [1] as a foundation and pairing it with the previously
mentioned material, we have successfully developed the new instrument that can be

ons¢
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found in http://u.uma.es/Z3/adtxinst/, Limesurvay platform. Figure 1 is the screenshot
obtained from one of the parts of the instrument.

Clarification:

This is a screenshot of the questionnaire in

Spanish. You should choose level 1(N1), 2 (N2)
Imagen de las ciencias or 3, (N3) depending on the valuation observed in

the analysis

Importancia en fa sociedad: Utilidad de las ciencias, tecnologia y matematicas como elemento clave que repercute en nuestra sociedad en muchos 4mbitos.
@ Comentar slo si escoge una respuesta

Cientifica: Puramente relevante para el deSarollo  g— Level N1

cientifico, matematico y tecnolégico

No mencionado: No se menciona explicitamente e | ayaf N2

Social: Ciencia, tecnologia y matemadtica relaciona-

da en el dmbito social (influye en la vida de las 4\
personas) Level N3

Imagen como actividad colaborativa: Ciencia, tecnologia y mateméticas como producto humano en cuya construccién participan hombres y mujeres, de forma conjunta
@ Comentar sélo si escoge una respuesta
Individual: No aparece que el trabajo cientifico y

matematico sea por el trabajo de un conjunto de s | @01 N1

personas

Colaborativa: Trabajo conjunto de personas del L
S | ovel N2

mismo sexo

Colaborativa con presencia femenina: Trabajo con

junto donde existe presencia femenina M —— ) &\l N3

Imagen de la ciencia fuera de lo académice: Ciencia, tecnologia y matemdtica como algo cotidiane y diario en conexién directa con la vida de todas las personas.

@ Comentar solo si escoge una respuesta

Descontextualizada: No se muestra la conexién
con la vida cotidiana

Fig. 1. Screenshot of a section of the instrument, with some clarifying notes overwritten

This new instrument has been tested in two high school textbooks, (Science and
Mathematics respectively), and is currently being validated by a committee of nine
experts.

3. Conclusion

The instrument that has been constructed through the adaptation and updating of [1]
will allow for a new perspective in textbook analysis in which gender equality takes on
the leading role which it necessarily deserves. Didactic Analysis, in its modality of
Curricular Didactic Analysis, has served to examine and understand some of the
phenomena of Mathematical and Scientific Education. Moreover, great progress is made
in those studies which state that Mathematics has a threefold character (Instrumental,
Formative and Functional).

Thus, it may be observed in a more direct way if textbooks truly promote the
acquisition of certain attributes needed from citizens of the 21t century i specifically
those related to social and moral skills and abilities. This is achieved through the
appropriate usage of language and image, promoting the transmission of a more up to
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date image of science, where female role models can be seen, and allowing emotions
and behaviors which favor equality between men and women.
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LCopyright Literacy as a Component of the Modern
Information and Media Literacy in University
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Abstract

Introduction: The diversity of platforms through which media content is disseminated and

the digitalisation are changing the media culture. The future is oriented towards transcultural

thinking and effective career development and that requires new skills. The new 215 century

skills are essentials and are now obligatory for every student and copyright literacy (CL), as

one of those skills, is a critical part of media and information literacy. CL and the modern

media and information literacy in today& digital world go hand in hand and are built into the
educational process together. Presentation: As a combination of knowledge, skills, practices

for dissemination of information and knowledge in a new innovative way solve socially
significant tasks that arise from real situations in everyday social life. In 2019 two scientific

projects funded by the Bulgarian National Science Fund started at the University of Library

Studies and Information Technologies,th e f i rst one entitled fAModel
copyright liter acy at the media in the wuniversity en
Science Fund of the Ministry of Education and Science of the Republic of Bulgaria (Contract

- K-B6-M35/1 from 18.12.2019, led by Evelina Zdravkova-Velichkova, PhD). The main
objective of the project is the research and practical activities related to the formation of the

CL of students and professionals in the media.
Model for Enhancing Information Literacy in an University Information Enviro n ment 6 ( Cont |
- KPO0671135/10 from 18.12.2019, | ed by Prof. DSc

state of information literacy, with a special focus of intellectual property literacy in an
university information environment among learners and trainers by challenging a civil debate

on raising culture on issues of intellectual literacy among academics, which is extremely

timely and necessary. The aim of this paper is to study and analyse the nature of CL as a
component of the modern media and information literacy. Emphasis is placed on the
presentation of two scientific projectdés resul
information literacy, whose main objectives are related to increasing the competence of CL

of pupils and students. Methodology: The paper will make a short overview ofthepr oj ect 6 s
concepts, drawing out the mai nCanclusiow: Thankets , rel
the education in CL students will acquire skills that will prepare them for everything that future

holds for us. Creating conditions for the development of creative thinking and copyright
competency as part of the media and information literacy in a university environment will

contribute to a higher competitiveness of learners in the labour market and to the promotion

of an active civil society. The connection of both projects is revealed, as they are both aimed

at those new skills, essentials for the whole community, especially in university information
environment.

Keywords: Journalism, Electronic Media, Traditional Media, Intellectual Property, Law,
Media Industry, Copyright
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1. Introduction

With the rapid development of new technologies, when information becomes one of
the most valuable resources, effective information literacy plays a leading role, both in
the personal development of scientists and in their ability to pursue basic scientific
research. In today® information and knowledge-based society, we are witnessing the
expansive development of information and communication technologies (ICTs), which
has led to the globalization of information and a new frevolutionary waveq the so-called
information wave or wave of knowledge. Some authors call this turning point fthe second
Gutenberg advent.0 The amount of electronic information flow is growing exponentially
and is reaching the so-called information boom. As Alvin Tofler points out, the creation
and dissemination of information has become a major activity and source of power for
humanity.

According to some authors, the increase in the growth of electronic information flow
is due to the advancement in the field of printing, the multiplication of traditional sources
of information and their dissemination on the Internet with the use of web technologies.

Information literacy (IL) has become a concept in recent years and is embedded in
many international projects, programs and initiatives, with the main task not only to
promote information literacy, but also to promote it as one of the possible solutions to
overcome the fiigital dividea IG is one of the key competences that builds the
fundamental knowledge of modern society. Her upbringing was the initial step in the
ability and ability to seek and use the huge information flow.

The achievement of information literacy, which not only corresponds to the
contemporary social practice, but also to advance its development, is based on adequate
educational models. At the heart of each modern educational model are values,
standards, methods and requirements, with the research process based on them being
the main approach to training in the context of transdisciplinary topics. In line with this
principle, the structure of educational models typically incorporates a specific research
program, which includes innovative training, in order to achieve both its educational and
scientific objectives.

Intellectual property (IP) reaches the everyday life of each and every one of us, as
a part of information literacy in a university information environment. Therefore,
awareness of the importance and understanding of intellectual property is essential for
todaydés student s, who are the future i
lawyers, politicians, and managers of tomorrow.

In the university information environment students have to master the important IP
related matter and its application in their upcoming career development. Students and
universities have to know how to utilize and benefit from the unparalleled richness of the
technical and commercial information, found in IP-related documentation. It is necessary
for universities to make efforts to raise awareness of IP issues in the academic
community, to research IP right, by engaging in a transfer of technology to industrial
partners to create value and benefit for society. Last but not least, students and
universities have to be aware with the consequences of the lack of knowledge and the
inability to protect their intangible assets under the form of IP, including from risks such
as misuse of foreign intangible assets, industrial espionage, etc.

The new information environment imposes new requirements on the competences
and knowledge of the young modern professionals, graduating from higher education.

Basic IP knowledge are of particular relevance to the fields of information and social
sciences, as currently they are the most dynamically developing. The main areas of
realization of specialists in the fields of information and social sciences are: regional and

nf orn
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national media; government and non-government organizations and administrations;
cultural, archival, and educational institutions. The specifics of the work in these areas
are related to the use of a wide range of information resources and products, which is
the basis of professional activity and condition for a successful realization. Here,
however, the question of awareness and preparedness of IP professionals comes to the
agenda. Their competence in the main aspects of IP, in particular the protection of
copyright, related rights and industrial property, is an essential part of their complex
information literacy, especially in regards to using IP objects on the Internet and the
lawful use of digital content. It is here where the actuality of the researched problem is
determined as the main goal of IP integration as part of the information literacy in the
university information environment is to create a culture of respect towards IP among the
academic fields and to increase the competitiveness of future specialists.

2. Copyright Literacy as a Component of the Modern Information and Media
Literacy in University Environment: Project Concepts

IP is a special element of IL in university information environment, as to develop good
skills, students must learn how to use effectively the wide variety of information products
and services available in the digital space. The new information civilization including so
called knowledge economy imposes new requirements for the competence and
appropriate knowledge of modern young professionals, receiving their higher
educational degrees. Especially itos char a
information and social sciences, as currently these sciences are one of the most
dynamically developing. Knowing the specifics of the problem and typical country trends
support the formation and development of proper strategies to improve and enrich the
curriculum.

University of Library Studies and Information Technologies (ULSIT) has contributed
to the successful dissemination of IP knowledge, as there are already 20 years of
experience in IP courses for non-laweyers. ULSIT& contribution to the research of IP
awareness in information and social sciences is indisputable, considering two projects
that are fully focused on the research of future professionals and practitioners.

The firstoneent i t | ed: iModel for research and i
media in the university environment o, finan
Ministry of Education and Science of the Republic of Bulgaria (Contract~  K-B6-M35/1
from 18.12.2019, led by Evelina Zdravkova-Velichkova, PhD). The main objective of the
project is the research and practical activities related to the formation of the Copyright
Literacy (CL) of students and professionals in the media. Media plays an extremely
important role in the dynamic and increasingly complex societies of today. The
information society of the 21t century accelerates the pace of development of human
intellectual activity. Unique creative outputs are created in industry, science, literature
and the arts. The audience has potential access to an unprecedented range of
journalistic sources. The legal rights of authors of creative products in the media are
intellectual property rights, which should be regarded as objective and subjective law,
discipline and science. There is no discipline in the curricula of higher education in the
field of copyright in the media. So far, no research has been conducted on copyright
literacy in the media industry among students learning in the fields of journalism, media,
public relations, communications, as well as the establishment of copyright competence
of specialists in this field. Observations show that this competence is not at the
necessary level, there is a real need for additional knowledge and training. Existing
models and best practices in Europe and in the world are also unknown. Within the
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framework of this project a study will be made related to the formation of copyright
literacy of students learning in the professional field fPublic Communications and
Information Scienceso at ULSIT and students learning in similar specialties in other
higher education institutions; will be studied also the educational content offered by
higher education and programs that meet this range of knowledge and competences.

The main objective of the project is research and practical activities related to the
formation of copyright competence of students and the creation of a concept for its
further improvement.

The object of the study of this project is the impact of technologies on the
transformation of media in an intellectual law aspect, in particular copyright literacy at
media in university environment.

The subject of the study will be the disclosure of the state and peculiarities of the
media as objects of intellectual property, in particular copyright and related rights, as well
as their peculiarities.

The working hypothesis of this study can be formulated as follows: The lack of
knowledge of copyright and related rights at the media in university environment and the
increasingly obsessive tendency for the free use of journalistic material in the commercial
digital space provokes the need for filling some of the gaps in media industry research
related to the intellectual property aspects of the media industry, in particular copyright
and related rights. The specific manifestations of the interaction between media product
creators and consumers, their role as authors of knowledge, information and culture for
society and overcoming the digital divide and isolation, and the need for this to be bound
by copyright and related rights in the media i these components outline the relevance
of the study.

In order to achieve the goals of the project, a training course will be developed in
accordance with the professional direction of the students.

The second one enti tl ed: AA Conceptual Edu
I nformation Literacy in an Universitiyo6i
1 3 5/ rbrd 18f12.2019, led by Prof. DSc Stoyan Denchev, aims to study the state of
information literacy, with a special focus of intellectual property literacy in an university
information environment among learners and trainers by challenging a civil debate on
raising culture on issues of intellectual literacy among academics, which is extremely
timely and necessary.

The role and place of creativity and innovation for modern societies has been
repeatedly reaffirmed in various strategic documents, including the Europe 2020
Strategy for smart, sustainable and inclusive growth (COM (2010) 2020 final) and the
European Commission Green Paper flnlocking the Potential of the cultural and creative
industriesq which, on the other hand, placed on a strong, competitive and diversified
industrial basis with a view to building a society and knowledge economy, creativity and
innovation are a common goal European Union, which implies a differentiated approach,
reflecting the social, economic, cultural and educational differences between Member
States. The future of the culture of society implies the development of new forms and
policies that will change the current ones. The achievement of such a state of the culture
of society requires the support of strategically important initiatives such as: preservation
and promotion of cultural diversity, creative mobility, protection of intellectual property,
enhancing intellectual literacy of society, and creation of conditions for development of
guality education in the field of the cultural, information and creative industries.

This project is entirely in line with both the above-mentioned strategic documents and
the National Research Strategy 2017-2030 as it aims to: study the state of IL, with a
special focus of intellectual literacy in a university information environment among

catic
nf or |
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learners and trainers by challenging a civil debate on raising culture on issues of
intellectual literacy among academics, which is extremely timely and necessary.

Conducting research related to the creation of a conceptual educational model for
raising IL, in particular intellectual legal literacy in a university information environment,
is conditioned by a number of prerequisites. First of all, there is a limited number of in-
depth independent studies focusing on the relationship between IP and IL in a national
perspective; secondly, the need to explore existing models and best practices for IP
training for non-specialist lawyers in Europe and the world; third, to analyze the
educational content offered and the curricula relevant to this spectrum of knowledge; in
the fourth place, it is necessary to examine the foreign experience of existing networks
in raising awareness of IP issues; Fifth, the need to examine the level of awareness of
human rights and social sciences in the humanities and social sciences, both among
trainees and university educators. After all, it has to be concluded that the issue of the
positioning of IP in the context of the broader framework of IL is relevant, timely and
necessary. The problem under consideration is extremely relevant, partly concerned with
various aspects by other authors, but has not been fully disclosed so far.

The subject of the project proposal is interdisciplinary and covers current issues in
the field of social and humanities, law, formal and non-formal education, pedagogy,
sociology and other areas considered in the context of the contemporary information
society. The project puts purposefully linked research tasks at three levels: The first level
is of a theoretical nature: the accumulation of factual information in the form of
bibliographical references on the subject of the project; studying models and good
practices for integrating IS education into a university environment in the social and
human sciences, on a national, European and international scale; developing
guestionnaires and conducting two surveys among learners and trainers; opening the
international survey and conducting it in Italy and Australia. The second level has a
practical application and the main task at this level is to create a common and
comprehensive methodology for raising awareness of intellectual property issues in the
university information environment, disseminating intellectual property knowledge and
promoting the objectives, activities and results of the project by: creating a dedicated
website for the project; organizing and conducting a scientific seminar with international
participation dedicated to the International Intellectual Property Day (26 April).

The third level has a methodological and informational nature, and the basis of this
level is the development of a model for formal and informal intellectual property
education. Creating new learning content aimed at students in social and humanities, as
well as creating training courses for university lecturers. Promotion of the innovative
model for the integration of intellectual literacy in a university information environment.

Performing a series of master classes, workshops and public lectures aimed at both
students, PhD students and young scientists in the team.

In order to achieve the stated objective and the resulting sub-objectives, the project
will use interdisciplinary research tools, including: a complex approach; method of
searching, analysis, synthesis and systematization of factual information; descriptive and
comparative method; survey method; modeling method, etc.

The research team of the project consists of leading Bulgarian scientists and the
interdisciplinary problem of the project is covered by researchers with corresponding
scientific interests, achievements and international reputation in the field of theory and
practice of intellectual legal issues, which is visible from the scientific publications
mentioned in their biographies, lecture courses and participation in expert groups,
committees and projects. The capacity of the scientific team is complemented by a core
of prominent international specialists in the studied subject.
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3. Conclusion

In conclusion we could say that ULSIT is one of the universities in Bulgaria
appreciated the role and importance of Intellectual Property as a stimulator of innovation
development and step by step carrying out the necessary steps to disseminate
knowledge and information on Intellectual Property. As can be seen from the above-
mentioned project initiatives, SULSIT works really very actively to achieve its ambition
to train students on Intellectual Property Rights in all three forms of education: full, part
time and distance, as well as three degrees: Bachelor, Master and Doctoral. These two
projects make the relation between the science education in one hand and the media
practitioners in other. It conducts its activities in support of the initiatives of the two
leading organizations in the world i the World Intellectual Property Organization and the
European Patent Organization, and implement its initiatives.
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Abstract

The competencies for the 215 century call for people with a broad and interrelated system of
knowledge, skills, values and attitudes for the full application of an individual in personal and
professional life. Education, including higher education, focuses therefore not only on the
development of knowledge but also on inquiry, critical thinking, analytical thinking, problem
solving and decision making. All these skills are often labeled as scientific thinking and
reasoning skills. Our long-term research shows that employers from manufacturing and
services firms in natural sciences may expect these abilities from their job applicants.
However, they often do not find them at the university/high-school graduates seeking for a
job. The students have a good domain-specific knowledge of content and basic procedures
(in chemistry and biology, among other fields), but they are not able to apply scientific thinking
and reasoning skills such as asking precisely formulated questions, drawing conclusions
considering all evidence or communicating conclusions properly. This may be due to the fact
that they do not have many opportunities to practice such tasks. In order to support both
participants/sides, we have developed several tasks for specific positions in companies, such
as quality control analyst, quality assurance specialist, or validation specialist. These tasks
can serve as a tool for companies to evaluate the skills of scientific thinking and reasoning of
employees, as well as tasks that will give the university graduate a clearer idea of the scientific
thinking and reasoning skills, they must demonstrate during the job interview. A qualitative
research study with representatives of manufacturing and services firms in natural sciences
was performed: the data collected in structured interviews resulted in a scientific and
reasoning framework. This framework and other information from the interviews served as a
basis for creating specific tasks. The content and construct validity of the tasks were approved
by an expert panel (representatives of the companies) and through pilot testing with a small
sample of employees and students. Selected tasks will be presented and discussed in the
context of scientific and reasoning skills.

Keywords: Scientific Thinking and Reasoning, Task, Science Education
1. Study background

The world has experienced significant changes in the last decades 1 digital,
technological and scientific T which have influenced the labor market, as well as
education. Entrepreneur ship i n creationd af ynévs eco
opportunities in an environment characterized by a high degree of complexity and
uncertainty; the economy and society focus on innovations [1]. However, such
innovations require a greater capacity of human capital i workers with deeper cognitive,
technical and soft skills and experiences, in other words, a broad scale of competencies
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known as 213t century skills. In turn, these requirements put pressure on educational
systems that prepare students for their future careers. Therefore, education, including
higher education, focuses not only on the development of deeper knowledge but also on
inquiry, critical thinking, analytical thinking, problem solving and decision-making [2]. All
these skills are often labeled as scientific thinking and reasoning skills in science.

In accoordance with Albert Bandur abs Soci
workplace depends not only on cognitive, technical and behavioral skills but also on an
i ndi vi d-efichcp. Selfe€ff cacy is understood as
ability to achieve a particular task [3]. The question is how self-efficacy can be developed
in students during their studies. Coll and Zegwaard [4] argue that authentic work
experience may play a key role in the development of graduate competencies
contributing to self-efficacy, and such abilities can be developed by combining
classroom-based instruction with one or more periods of relevant experiential learning in
authentic work settings (e.g., work experience placement). We believe that creating
tasks mimicking the real environment of companies in which students can solve
problemsand si tuations that commonly occur i
competencies and strengthen their self-efficacy. Solving authentic work tasks can help
graduates get a specific job and manage everyday activities and problems they may
encounter in their work. Therefore, this approach is beneficial for both graduates and
companies. In our research, we focus on designing tasks related to authentic work
problems that improve scientific thinking and reasoning skills of students such as asking
precisely formulated questions, drawing conclusions considering all evidence, or
communicating conclusions properly. Here, we present such a task (see below, Fig. 1.)
based on the scientific thinking and reasoning framework developed in cooperation with
selected companies.

2. Methodology

In 2019 and 2020, a qualitative research study with representatives of manufacturing
and services firms in natural sciences was performed [5]. A prototype of a scientific
thinking and reasoning framework, based on methods of theoretical scientific research,
was created and discussed with representatives of the firm. This research resulted in a
comprehensive framework of scientific thinking and reasoning gathering general
scientific thinking and reasoning skills (e.g., identifying a problem, asking precisely
formulating question, drawing conclusions considering all the evidence), domain specific
scientific thinking and reasoning skills (knowledge of content of the field and knowledge
of industry-specific skills) and supporting general abilities and skills (e.g., ability to read
and understand scientific texts, ability to write scientific reports, or the ability to present
results and convey knowledge to different target groups). Now we have used this
framework to create specific tasks proving scientific thinking and reasoning skills. The
tasks are based on authentic work problems of firms which were selected by the author
of the article based on many years of experience working in several manufacturing and
services firms in different work positions. The content validity was approved by an expert
panel i representatives of the companies [6] and the construct validity of the tasks was
assessed by pilot testing with a small sample of employees i experts and students i
novices [7], who checked the quality of the tasks.

3. Results

Our research resulted in a set of tasks reflecting authentic work problems of firms.

L e

n

[V
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The tasks are set in the context of scientific and reasoning skills, i.e., each of the
particular sub-tasks is labeled with a particular set of general scientific thinking and
reasoning skills from the scientific thinking and reasoning framework perspective (see
the task below). These tasks can serve as a tool for companies to evaluate the skills of
scientific thinking and reasoning of employees, as well as tasks that will give the
university graduate a clearer idea of the scientific thinking and reasoning skills that they
must demonstrate during the job interview. The tasks also provide information to
educators, who can include similar topics or tasks in their curriculum. Getting to know
authentic problems within the education and the possibility to solve authentic/real tasks
can help develop graduate competencies contributing to self-efficacy. Here, we show an
example of a task for verifying the ability of students to identify the problem, to formulate
an evidence-based scientific hypothesis, to draw conclusions considering all the
evidence and to communicate conclusions, including argumentation (Fig. 1.).

‘ Laboratory sample and duplicate | zecr;::;-ce
INTRODUCTION: POSITION __ METHOD SAMPLE
You have received a total of 10 samples from the extraction labaratory, which will be Sample 1  PAH_METHOD Cal 0603 L1
analyze using gas chromatography with mass spectrometry detection (GCMS). The order of sample2  PAH METHOD Cal 0603 L2
the analyzed samples in the sequence is given by the standard operating procedure (SOP). Sample 3 PAH_METHOD Cal D603 L3

According to the SOP, you have created a sequence (see on the right side) and insert the
samples to the GCMS instrument. The sequence cantains not only analyzed samples, but
also control samples (including laboratory duplicates). Last, but not least, the sequence also
includes calibration. In order to prevent the so-called carry over effect (transfer of Sample 100 - FLUSH "
contamination between samples), the so-called flush (f1-f3) is repeated periodically in the Sample & PAH_METHOD  Blank_0603_3
sequence, each five samples. This is an injection of pure solvent (n-hexane), which is used to | sample 7 PAH_METHOD LGS 0603 3
purify the chromatographic system. The flush needs to be included even after the most
concentrated calibration point, thus after the calibration is finished. This fifth point in the
calibration sequence is marked as Cal_0603_L5. You will measure 2 sets of samples. Each set
was prepared separately in the laboratory and includes the appropriate control samples, i. e, | 52mple 10 PAH_METHOD vZ_0503_3006_DUP
one blank, one fortified sample (LCS - Laboratory Control Sample) and a laboratory duplicate | Sample 100 FLUSH 2

(sample name ending with the letters "DUP"). The laboratory duplicate monitars the Sample 11 PAH_METHOD  Blank_0603_4
accuracy of the laboratary analysis starting from the homogenization and weighing of the
sample, through extraction to the actual measurement on the instrument. These are always
two fractions of the same sample to be analyzed separately by the same procedure.

Sampled  PAH_METHOD Cal 0603 L4
Sample5  PAH_METHOD Cal 0603_LS

sample 8 PAH_METHOD VZ 0603 3005
Sample 3 PAH_METHOD VZ_0603_3006

Sample 12 PAH_METHOD LCS 0603 4
Sample 13 PAH_METHOD VZ_0603_4007

Therefore, in the first set, the laboratary duplicate is marked as VZ_0603_3006_DUP and Sample 14 PAH_METHOD  VZ_0603_4008

belongs to sample VZ_0603_3006. Sample 15 PAH_METHOD VZ_0603_4008_DUP
Sample 100 FLUSH [}

TASKS:

1. To complete this task, you will need to know basic operations that the sample must
undergo before you can get the result of the analysis. Take a look at a simplified scheme
below that describes these key operations. The whole process is usually done in commercial
laboratories not only by a single worker, but by several specialists.

sampling

Samples from the last set of the sequence are shown on the following picture. It is the sample
VZ_0603_0408 and its duplicate VZ_0603_4008_DUP. According to the evaluation of

their chromatograms, these samples are not accordant (identic). This indicates a possible error
By checking the vials in the carousel of the instrument, you have verified that the vials have been
inserted correctly in the sequence.

How are you going to proceed? Identify possible cause of the deviation. Scheme of the pracess
(see above) could guide you.

Hint n. 1: Hint . 2: Choose only ene of the following options
Carefully look at the following photo. The
entire last set of samples (blank and LCS are
not included) are shown on the photo. What is

a. I follow the SOP {Standard Operational Procedure). There is clearly defined procedure for this
case, which is returning the sample back to the lab for reanalysing (reextraction)

surprising when doing the visual inspection of b. | compare the chromatograms of sample ¥2_0603_4007 and VZ_0603_4008_DUFP over one
the samples? What following procedure would another. If the chromatograms are matching, the replacement of samples is confirmed. Based
you suggest? on this, | can assign the duplicate to the sample VZ_0603 4007

c. I follow the SOP (Standard Operational Procedure), but before sending the samples back to lab
for reextraction, | verify the homogeneity of the sample at the balance room. | suggest visual
control of the sample and its duplicate before insertion to the carousel of the instrument.

d. According to the colours of samples, it could be possible, that duplicate was prepared from
sample VZ_0603_4007 by mistake. However, no chromatograms were attached as a proof.
Thus, | check the homogeneity of the sample at the balance room and then send the sample
to be reanalysed

Fig. 1. Example of a task for scientific thinking and reasoning skills assessment
(Note: The hints included in the task are on a separate page;
whether the students need to use it or not depends on them)
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Abstract

Since electrochemical processes inherently benefit from the increasing share of
renewable energy sources for power generation in the grid, they can play a valuable role
in future processes in chemical industry helping to make production more sustainable
and efficient. However, due to often complex setups and the lack of striking experiments,
examples for electrosynthesis are rarely discussed in science classes.

The experiment presented herein describes the electrosynthetic bromination of
fluorescein to Eosin Y (tetrabromo fluorescein) via reactive bromine generated in-situ [1].
The developed experiment makes use of bromide ions which are oxidized at the anode
to form a reactive intermediate and is therefore avoiding the direct handling of hazardous
bromine by school students. The reaction of fluorescein with bromine is well-established
since it can be monitored easily by changes in both adsorbed and fluorescent colour and
is commonly used as a detection reaction for bromine.

Within several minutes at low voltages of around 3 V, a significant change in colour from
yellow to red is observable and at the same time the intense yellow green fluorescence
under UV light vanishes at the given slightly basic pH condition. The product can be
precipitated by lowering the pH and subsequently collected by filtration. In comparison
with fluorescein, the tetrabromo derivative shows a greatly increased solubility in water
which can serve as a suitable example for the concept of structure-properties-relations.
Furthermore, a semi-quantitative analysis of the Fluorescein/Eosin Y ratio can be
performed by thin-flm chromatography where both components are easily
distinguishable by their respective fluorescence colour under UV irradiation. This
experiment can be expanded to a set of experiments by synthesizing the fluorescein in
the lab course via reaction of resorcinol with phthalic anhydride as well as using the
Eosin Y product as a photoredox organocatalyst [2, 3].

Keywords: Electrosynthesis, fluorescence, model experiment
1. Introduction

In this contribution, we present an electrosynthetic bromination experiment involving
two disctinctly colored dyes. In these experiments, we convert fluorescein into eosin Y
using electrochemically generated bromine. This in-situ formed reagent reacts
immediately with the fluorescein, ensuring a low concentration of free bromine. Since the
electrical energy production is shifting more and more to renewable sources [4], a
process like this using electrical power to drive chemical reactions offers the possibility
to be more sustainable than conventional synthesis strategies. These aspects, which
can be discussed on the example of our model experiment, fit well to concepts from the
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green chemistry approach: Apart from the use of renewable energies, the in-situ
generation of low amounts of toxic and reactive species reduces hazard risk, leading to
a safer process for accident prevention as demanded in the green chemistry principles
[5]. The following described experiments consist of a quick to perform synthesis of eosin
Y, thin layer chromatography for semi-quantitative analysis, a protocol for synthesis and
recovery of the solid product and a detection of intermediately formed bromine.

2.1.1 Electrosynthesis of Eosin Y

In this experiment, eosin Y is produced by electrosynthesis from fluorescein.

Equipment: voltage source, cables, stir bar, magnetic stirrer, iron electrode, graphite
electrode, crocodile clips, voltmeter, beakers, spatula, scale, UV lamp (354 nm).

Chemicals: water, sodium hydrogen carbonate, potassium bromide, fluorescein
(sodium salt).

Procedure: 20 g sodium hydrogen carbonate, 10 g potassium bromide and 40 mg
fluorescein were dissolved in 200 mL water under stirring and gentle heating. The
solution is then divided equally among four beakers. After cooling to room temperature
three of these solutions are electrolyzed for different times at 3 V DC, with the graphite
electrode as the anode and the iron electrode as the cathode. The samples are
electrolyzed for 30 seconds, 1 minute and 2 minutes, respectively. The fourth sample is
used as a reference.

Observations: The reference solution is strongly yellow colored and emits an intense
green light under UV irradiation. It can be observed that with longer electrolysis times,
the color becomes redder (figure 1). Analogous to this color change, the fluorescence
intensity decreases with increasing reaction time.

Fig. 1. Fluorescein solution, electrolyzed solutions after 30 seconds,
1 minute and 2 minutes, respectively

Interpretations: At the cathode, water is reduced to hydroxide ions and hydrogen
gas. At the anode, bromide ions are oxidized to elemental bromine. The evolution of
bromine under similar conditions can be tested by addition of bromine to alkenes in
chapter 2.3.

Oxidation: 2 Br-A Brz+2e- Reduction:2H0+2e-A 20H +H2
However, this bromine does not accumulate in solution, but reacts in-situ with

fluorescein in the solution to yield tetrabromofluorescein (eosin Y). The increasingly red
color indicates the progress of this bromination.
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Fig. 2. Bromination of Fluorescein

2.1.2 Thin layer chromatography (TLC)

To show the effect of different reaction times semi-quantitatively, a TLC is performed
to analyze the products from the previous experiment.

Equipment: thin layer chromatography (TLC) plate (silica gel), TLC chamber, glass
capillaries, pipettes, beaker, graduated cylinder, UV lamp (354 nm)

Chemicals: solutions from experiment 2.1.1, butanone, concentrat.ed ammonia
solution (25 wt%), ethanol.

Procedure: The mobile phase consists of 24 mL butanone, 2 mL concentrated
ammonia solution and 10 mL ethanol. The TLC chamber is filled to a height of approx.
0.5 cm with the mobile phase and kept closed to enrich the atmosphere with the mobile
phase.

A small drop of each solution is placed on the plate 1 cm from the bottom using a
capillary. The plate is then placed in the chamber and removed when the mobile phase
approaches the end of the plate. After drying, the samples are examined under UV light.

Observations: Figure 3 shows the results of the TLC both under daylight as well as
UV light, with the sample on the left representing the reference solution with additional
eosin Y added for comparison.

While sample 1 shows three spots, samples 2 and 3 each five spots. In sample 4,
only one spot is visible.

IO

Fig. 3. left: reference solution with added eosin Y, electrolyzed solutions after
30 seconds, 1 minute and 2 minutes, respectively;
right: same TLC plate under UV light
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Interpretations: In each case, the green fluorescent spot at the lower end can be
attributed to fluorescein. The upper spot (whose orange color under UV cannot be
properly displayed by the camera) represents the fully brominated species eosin Y. The
intermediate spots can be assigned to the three incompletely brominated intermediates.

In sample 4, all of the fluorescein has been converted to eosin Y. The additional spot
in sample 1 is due to impurity of commercial eosin Y.

2.2.1 Synthesis and product isolation

While the experiment 2.1.1 illustrates the progress of the reaction, the concentrations
are too low to yield a solid product. Therefore, the experiment described herein uses a
higher concentration of fluorescein to make precipitation of the product possible.

However, due to the high fluorescein concentration, the color gradient during
bromination is not as visible as in experiment 2.1.1.

Equipment: voltage source, cables, stir bar, hotplate stirrer, iron electrode, graphite
electrode, crocodile clips, voltmeter, beakers, spatula, scale, biichner flask, paper filter,
biichner funnel, vacuum pump, vacuum tube.

Chemicals: water, sodium hydrogen carbonate, potassium bromide, fluorescein
(sodium salt), hydrochloric acid (semi-concentrated).

Procedure: 5 g sodium hydrogen carbonate, 2.5 g potassium bromide and 0.4 g
fluorescein were dissolved in 50 mL water under stirring and gentle heating. After cooling
to room temperature, the solution is then electrolyzed under stirring at 3 V DC for at least
5 minutes with the graphite electrode as the anode and the iron electrode as the cathode.

The product is precipitated by acidifying the solution with semi-concentrated
hydrochlorid acid and collected using a buchner funnel. After washing the red solid with
cold water, it can be dried by gentle heating on a hot plate.

Observations: The orange solution (due to high fluorescein concentration) turns
increasingly red in the course of the electrolysis. During addition of hydrochloric acid,
gas evolution leads to the formation of foam. After neutralisation a red-orange solid
precipitates, which turns more yellow-orange after drying.

Interpretations: As in experiment 2.1.1, the fluorescein is brominated to orange-red
eosin Y. Acidifying the solution protonates the carboxylate groups of the residual
reactands and products and thus form carboxylic acid groups. This lowers the solubility
in water by reducing the polarity of the molecules and causes them to precipitate.

2.2.2 Thin layer chromatography of the isolated product

The isolated product can also be analyzed by TLC.

Equipment: thin layer chromatography (TLC) plate (silica gel), TLC chamber, glass
capillaries, pipettes, beaker, measuring cylinder, UV lamp (354 nm).

Chemicals: precipitated solid from 2.2.1, butanone, concentrated ammonia solution,
ethanol, sodium hydrogen carbonate, water, fluorescein, eosin y.

Procedure: The same mobile phase is used as in experiment 2.1.2. A few crystals
of the precipitated solid are dissolved in a small amount of an aqueous sodium hydrogen
carbonate solution and then applied to the plate as in 2.1.2. Fluorescein and, if available,
purchased eosin Y can also be applied as a comparison.

Observations: Figure 4 shows the results of the TLC under UV light. As in
experiment 2.1.2 the different spots can be observed. In comparison to 2.1.2 the
separation of these spots is more clearly visible.
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Fig. 4. left: solution with eosin Y and solution of the product;
right: same TLC plate under UV-light

Interpretations: The sample must be treated with basic solution to convert the
carboxylic acid group back to a carboxylate group and make it more soluable. In
comparison to 2.1.2 the formation of eosin Y can be confirmed. However, due to the
higher amount of reactand, despite longer reaction time full bromination cannot be
achieved.

2.3 Verification of bromine as an in-situ reactand

The synthesis instruction is performed without fluorescein to prove the generation of
elemental bromine under the given electrochemical conditions.

Equipment: voltage source, cables, stir bar, magnetic stirrer, iron electrode, graphite
electrode, crocodile clips, voltmeter, beakers, spatula, scale.

Chemicals: water, sodium hydrogen carbonate, potassium bromide, alkene (e.g.,
cyclohexene).

Procedure: 5 g sodium hydrogen carbonate and 2.5 g potassium bromide and were
dissolved in 50 mL water under stirring and gentle heating. The electrogeneration of
bromine is carried out according to the procedure described in 2.1.1 for 2 minutes.

Several mililiters of this solution are thoroughly mixed with a few drops of alkene (e.g.,
cyclohexene).

Observations: The solution turns yellowish during electrolysis. After adding the
alkene and shaking briefly, the solution turns colorless (figure 5).
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Fig. 2. left: solution after electrolysis;
right: colorless solution after the addition of the alkene

Interpretation: In the absence of fluorescein, the yellow color of the bromine is
clearly visible, since it can accumulate in the electrolyte. The decolorization of this
solution by reaction with an unsaturated hydrocarbon proves the presence of elemental
bromine.

3. Didactical considerations

The series of experiments is valuable to discuss the benefits of electrosynthetic
methods in a school environment. From a practical point of view, the experiments are
facile and inexpensive to perform, so that they can be easily established in chemistry
classes. The bromination experiment can be performed in 5 minutes and shows that
even organic chemical reactions can be driven by electrical energy. The students can
monitor the progress of the reaction by observing the pronounced change in color without
any further analysis techniques. However, this experiment can be extended in order to
cover analytical aspects and mechanistical considerations: Via TLC the students can
verify the reaction progress semi-quantitatively and confirm that the reaction is
completed after several minutes. Furthermore, the intermediate bromination products
(mono-, di-, tribromofluorescein) can be identified as well. Independently, the hypothesis
of bromine acting as the in-situ formed bromination species can be confirmed by the
students (for example as part of an exploratory approach) using a detection method they
are already familiar with.

The experiments enable the training of numerous competences: They cover typical
laboratory skills such as the isolation and purification of products. Using the example of
TLC, theoretical aspects of chromatography and underlying structure-property
relationships can be adressed here. Structure-property relationships also includes
altering the solubility through protonation used for precipitation.

As an interesting side note, the TLC analysis reveals that commercial eosin Y
contains the same impurity as observed in our experiment.
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Abstract

Digital data acquisition in science lessons is a particular challenge in terms of availability
and operation of the devices. Classical laboratory measuring instruments often focus on
data acquisition, which is why the handling in the classroom varies greatly depending on
the manufacturer and equipment. Access to complex measuring equipment such as
spectrometers or polarimeters is further complicated by high costs. With the help of
individual electronic components and various materials or in combination with a 3D
printer, some of these measuring devices can be reproduced, which makes access in
STEM-classes inexpensive [1-3]. At last, the measurement values are recorded by
handwritten transmission and application of measured variables or the strength of
acoustic signals, which on the one hand requires time and on the other hand can make
joint evaluation difficult.

The LabPi software [4], which was specially developed for the Raspberry Pi single-board
computer, offers an additional digital solution to this challenge. This software combines
different measuring instruments to a uniform low-cost measuring station with the help of
a multitude of miniature sensors. It is didactically tailored to teaching and thus offers a
basis for supplementing previously analog processing steps with the aspect of digital
data acquisition and evaluation.

The article presents the development of a low-cost polarimeter based on the Raspberry
Pi and the software LabPi. The construction and the functionality of the digital polarimeter
are described by means of simple components. In addition, the possibilities for digital
evaluation and visualization of optically active substances are presented by means of
selected comparative measurements.

Keywords: Measurement Systems, LabPi, Digitalization, STEM Education 4.0
1. Measured value acquisition in STEM lessons

Digital measuring systems have become indispensable in everyday life. Whether in
industry or in the laboratory, measured variables such as temperatures, pH values,
conductivities or concentrations can be recorded and evaluated quickly and, in some
cases, fully automatically with the help of computer-aided measuring systems.

Progressive digitization means that learners should be prepared for future
challenges, but digital measurement acquisition in schools still represents a major
challenge. The acquisition of digital measuring instruments such as spectrometers, gas
chromatographs or polarimeters is often associated with high costs for schools. Once
purchased, they are only available to teachers, which means that the devices are mainly
used in demonstration experiments.
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To enable students to use suitable measuring equipment, a whole range of low-cost
measuring devices have been developed. These range from melodic conductivity testers
to homemade LED photometers [1-3]. However, the evaluation is still often done by
hand. A digital extension to this is offered by single-board computers such as the
Raspberry Pi. Combined with appropriate sensors, the Raspberry Pi can serve as a basis
for digital data acquisition and as a complete computer on which evaluation can be
performed using suitable office applications.

In chemistry classes, polarimetry is integrated into the subject area of hydrocarbons,
especially when the optical properties of sugars and chiralities are discussed. It is
therefore all the more important that optical effects, such as the rotation of polarized light,
can also be analyzed practically. This paper therefore presents the development and
testing of a digital low-cost polarimeter based on the Raspberry Pi with its own software.

2. Development and the Software LabPi

Digital polarimeters are among the most expensive measuring instruments that can
be used in educational institutions. Even the purchase of an analog measuring device
can be in the high three-digit range. Even if the precision of the conventional measuring
instruments is very high, the data acquisition is a big challenge. Reading of measurement
data must be trained and are read differently by learners. Lastly, the comparability of
data must be gathered from all learner groups if possible.

The digital polarimeter presented here should be able to be integrated with easily
accessible components in the low-cost range. Furthermore, by building the device
oneself, the functions of the individual components and their mesh are easier to
comprehend, which can counteract the black box character for learners.

The angle of rotation is measured in a similar way to a photometer via the light
intensity or the transmission of aqueous solutions. This is detected by a digital light
sensor [4] using a yellow LED (570 nm) as the light source. Two polarization filters serve
as polarizer and analyser, which can be purchased cheaply or taken from discarded 3D
glasses. To be able to determine a rotation angle, the analyser was glued to a servo
motor (Fig. 1).

<3 Parat oy N
Firg. 1. The digital polarimeter buildup

f

The structure is supported using various Lego bricks. These serve to stabilize the
servo motor, but also as a socket for the LED, which is used to define the light path. The
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light intensity sensor is placed behind the analyser exactly opposite the LED.

For measuring aqueous solutions, a large, transparent plastic jar for peppermint
candy is sufficient that a cuvette is not required. The inner diameter was determined in
advance (d=0.47 dm) and is necessary for the later experimental setup as a parameter
of the layer thickness.

Figure 2 schematically summarizes how the electronic components are finally
connected to the Raspberry Pi correctly. If the respective electronic components are
connected as indicated and a suitable software operates the servo motor, it is possible
to set a rotation angle from 0° to 180° and therefore to measure the respective light
intensities.

m "_G\LE S Component | Price
[GNOTPN T >———— b
e &3 @&l
oo L(r-soa )—CGclenis]  Raspberry 40
Pi
LED 1
(0PN >—) Lightsensor | 5
VPN >———v+
[Semp—I Servomotor |5 U
Polarizer 104

Lego Bricks | 1 0

Fig.2.Schematic wiring of the of components
and pricing of components

To control the sensors of the digital polarimeter, the already existing software LabPi
was used [5]. This software is freeware and allows the measurement with different
sensors without programming skills. In addition, it has a user interface tailored to
teaching, which was developed for the Raspberry Pi. The software was first adapted and
expanded to the functionality of the digital polarimeter. LabPi thus takes over automated
processes, such as moving the analyser and recording the measurement points.

The software finally displays these in tabular and graphical form. The curve
progressions and measurement data can then be compared directly in the software.

Depending on the requirements of the learning group and the experimental setup,
differences can be visualized and displayed on the graphical interface or the
measurement data can be exported for further analysis (Fig. 3). In addition to recording
and displaying measured variables, an upload function to the COMPare Cloud platform
can be used, which opens collaborative learning opportunities and makes recorded
graphs easier to compare.
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Fig. 3. Graphical User Interface of LabPi (in development)
with measured water (black) and sucrose solution (0,3 g/ml)

3. Measurement and comparison

The angle of rotation is determined by rotating the analyser and recording the
intensity values. The measuring points are recorded by LabPi and reproduced as
transmission. This allows a complete sinusoid to be mapped when the analyser is rotated
by 180°. The minimum and the maximum of this curve represent the measuring points
for determining the change in the angle of rotation. These extremes, which are uniform
in amplitude due to transmission, also help in the visualization of different sugar
solutions. Depending on the concentration of the sugar solution and the layer thickness
of the cuvette, the phase of the sinusoidal curve is thus shifted. The difference between
the extreme points of the solutions to be measured allow the rotation of the polarized
light to be determined (Fig. 4). To calibrate the digital polarimeter, the zero point was
determined with distilled water.

Water

Sucrose (0,1 g/ml)
Sucrose (0,2 g/ml)
—— Sucrose (0,3 g/ml)
~——— Sucrose (0,4 g/ml)

Transmission

T = i T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Angle [°]
Fig. 4. Transmission of water and different sucrose solution by angle recorded with LabPi
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To determine the precision of the digital low-cost polarimeter, the specific rotation
angle of sucrose was determined via a concentration series. In parallel, the solutions
were measured with a conventional, analog laboratory polarimeter by Kriiss Optronic [6].

Table 1. Measurement results and comparison between the digital LabPi polarimeter
and an analog polarimeter

Sucrose LabPi | Specific Deviation Analog | Specific Deviation
solution rotation rotation

0.1 g/ml 3° 63.8 ° -3.87 % 12.65° 63.3° -4.74 %
0.2 g/ml 6.5° 69.1° 4.14 % 27.75° 64.4° -3.05 %
0.3 g/ml 10° 70.9 ° 6.81 % 38.65° | 64.4° -2.99 %
0.4 g/ml 13° 69.1° 4.14 % 52.40° 65.5° -1.36 %
(%] - 68.3 ° 281 % - 64.39 ° -3.03 %

The table shows the calculated specific rotation angles in comparison. The deviations
are related to the Iiterature value of swucro
analog polarimeter appear about four times as large as those of the digital polarimeter.

This is primarily related to the choice of slice thickness, which corresponded to 2 dm
for the standard cuvette and 0.47 dm for the plastic can. This difference is also one of
the factors for the deviations from the literature value. The layer thickness also means
that lower concentrations cannot be detected and are subject to greater error. Another
point, which can enable a higher precision of the digital polarimeter, is the choice of the
servo motor. The servo motor used here can align in 0.5° steps. Smaller steps can cause
the motor to jitter severely, creating a much higher source of error for very small
concentrations. Overall, the precision of the homemade polarimeter can be assumed to
be sufficient for subject teaching and as a proof of concept.

4. Outlook

Both the polarimeter and the LabPi software are still under development. Especially
for the polarimeter, further adaptations of the software are planned. At the current state,
the determination of the specific angle of rotation is still dependent on office applications.

In the future, this shall also be done via the software LabPi, whereby the results can
be switched on optionally with only a few steps. In the future, it will also be possible to
perform time-dependent measurements and concentration determinations with the aid
of adjustable parameters. At the hardware level, further adjustments will be made to
enable even more precise measurements before piloting with learning groups.
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Abstract

Synthetic drugs play an increasingly import
for amphetamines has been expanding worldwide for several years [1]. In Germany, too,
amphetamines and amphetamine derivatives continue to gain ground. There has been
a steady increase in the quantities of amphetamine, methamphetamine and ecstasy
seized [2, 3]. While helpful approaches and teaching materials with regard to health
education and addiction prevention are provided, for example by the German Federal
Centre for Health Education [4], the subject is inadequately addressed in German
curricula and does not guarantee a deep structure of the organic substance class. In
order to present a practical-methodical implementation, especially for chemistry lessons,
a learning set was constructed which introduces the topic to students within the
framework of an intervention study at the Friedrich Schiller University Jena. The article
presents ten innovative learning stations focusing on the illegal drugs amphetamine,
methamphetamine and MDMA (3,4-Methylenedioxy-N-methylamphetamine, also known
as ecstasy). New knowledge about the structures, historical aspects, production
possibilities, modes of action and detection reactions of the substances can be acquired.
The stations are didactically diverse. In addition to theory stations, games and other
creative elements, the study places its focus on experiments. While, for example, the
effects of MDMA are explained in a learning video, experiments can be used as models
to demonstrate the effects of amphetamine and methamphetamine. The materials
developed are aimed particularly at students at the age of 16 to 18 and chemistry
teachers. They can also be used in interdisciplinary science lessons. The materials have
already been tested and evaluated several times with students and teachers [5].

Keywords: Educational transfer research, curricular learning modules, drugs
1. Initial situation

Due to the increasing prominence of the substance class of amphetamines, the
primary goal of drug prevention is to provide young people with sufficient education and
information. In Germany recent efforts show that the importance of addiction prevention
has increased, that a large number of measures are implemented and that a wide variety
of players are involved [6].

At state level, efforts by the Federal Centre for Health Education and the German
Central Office for Addiction Issues envisage the development of substance-specific
information and teaching materials for primary prevention that are accessible free of
charge on the Internet [4, 7-9]. At federal level, in addition to police crime prevention,
measures are taken in the form of school and extracurricular projects which address
different target groups. For example, specialists and coordination agencies for addiction
prevention list initiatives which address illicit drugs and party drugs. In particular, a large
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number of amphetamine-related offers can be found in focus regions such as Thuringia,
Bavaria, Berlin, Saxony and Saxony-Anhalt [6, 10, 11].

Overall, a range of informative, digital and interactive offerings for students and
teachers has been developed. Often the projects can be implemented in a playful way,
for example as part of participatory courses. Topics such as illicit drugs and party drugs
are taught across all substances. Substance-specific programs which focus only on
amphetamine, methamphetamine and methylendioxy-N-methylamphetamine (MDMA)
can rarely be found. As far as substance-specific measures are taken, the main part
relates to methamphetamine/crystal meth, as is the case with the materials.

Although the topic of drugs appears in science curricula, no content or methodology
is listed for the synthetic substance class in focus. Aspects are dealt with superficially or
are completely absent. A positive example, however, is the Berlin-Brandenburg
curriculum, which provides numerous approaches and impulses for teaching the topic of
drugs in the elective subject of natural sciences in grades 7 to 10 [12].

As a result of the analysis of existing initiatives and reviewing of curricula, the
constructed learning set is intended to provide added value in terms of in-depth chemical
subject knowledge, to make a substance-specific contribution to addiction and drug
prevention, and to be extended to chemistry education.

2. Aims of the research project

In order to follow the guidelines of contemporary addiction, drug prevention, health
education, the strengthening of personal competence as well as risk and action
competences are to be aimed at in equal measure through appropriate interventions
[13].

The present intervention study is realized by designing a project day in the context of
a laboratory study with constant framework conditions throughout the entire phase of
data collection. Students at the age of 16 and 17 (grades 10 and 11) from five
cooperating schools in Thuringia are acquired as target groups for the main study.

Questionnaires in pre-post design were designed to investigate feedback on interest
and prior knowledge regarding the topic, acceptance of the program and the individual
stations, and lastly, learning gains as a result of the intervention. The way in which the
stations are worked through (intervention) takes place in collaborative work forms and is
documented with the aid of a structured observation protocol by a trained team of
observers. Students have 2 to 2.5 hours of self-organized laboratory time for every
intervention. The results are recorded on a routing slip. Between five to 30 minutes are
required for the various types of stations.

3. The stations of the learning set

A total of ten stations was constructed according to certain criteria and can be
assigned to different learning occasions (Fig. 1).
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(1) Structures of amphetamines - working with the molecule construction kit
(2) On the trail of amphetamines

(3) The production of phenethylamine and amphetamine

(8) Drug containing medicines?!

theoretical

(5) The detection of drugs using the Marquis reagent

exDenmental (6) The detection of primary and secondary amines

. (2) On the trail of amphetamines
. creative (4) The effects of MDMA on the central nervous system
occasions \ (7) Drugs in cotton candy?!

Learning

(4) The effects of MDMA on the central nervous system
(6) The detection of primary and secondary amines
(7) Drugs in cotton candy?!

(9) Drugs quartet
playful (10) Silent drops

Fig. 1. Overview of the stations of the learning set

In addition to aspects of health education, the development is based on concepts of
organic chemistry. Thus, basic chemical concepts such as the substance-particle
concept, the structure-property principle and the concept of chemical reaction are
focused on [14]. The project follows a comprehensive competence-oriented approach,
since the stations vary methodically. In addition to the acquisition of specialized chemical
knowledge regarding the three substances, students improve personal, social and
methodological competences. The principles of linking subject-specific science and
subject-specific didactics have proven particularly successful in the design of stations 3
and 5, where both university and non-university cooperation have taken place.

As an introductory station, station 1 centers on substance-particle relationships in the
construction of molecular structures. At station 2, historical aspects are learned through
text excerpts and secured in the form of a crossword puzzle. Station 3& focus on the
nitroaldol reaction as an addition reaction ties into the concept of chemical reaction. To
combine digital aspects with health education aspects, a self-produced educational
video on the mode of action of MDMA in the central nervous system focuses on
biochemical expertise in station 4. Stations 5 and 6 have a significant position, as they
generate novel experimental approaches to rapid drug tests in the form of model
experiments.

In particular, at station 5, a carbenium ion as a key chemical structure which can
stimulate process thinking based on reaction mechanisms is created (Fig. 2) [15, 16].
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R = H (Amphetamine) l H*/[Ox.]
R = CHs (Methamphetamine)
H

HiC CHs

Fig. 2. Marquis reaction [17]

When amphetamines react with a drop of Marquis reagent, which is composed of
concentrated sulfuric acid and 40% formaldehyde solution and is located at the bottom
of the glass vial, it comes clear, that the produced carbenium ion is the cause of the color
due to the newly formed conjugated system. As a result of the color reaction, new
possibilities are created to make the submicroscopic level tangible. In addition, the
students gain insight into the police work involved in handling the rapid test from ESA-
TEST GmbH of Eisenach in Thuringia (Fig. 3) [18].

Fig. 3. Course of the color reaction (from left to right: after 10, 30, 60, 120, 180
and 240 seconds); own photography (taken on 20.12.2017)

Station 6 is also based on the structure-property concept and enables desired color
reactions through structure-like compounds. While stations 5 and 6 aim at experimental
action competences, station 7 deals critically with the handling of the rapid test.

Advantages and disadvantages are summarized in a radio play. In the context of
health education, station 8 focuses on behavioral and risk competences in dealing with
stimulant drugs and their structural similarities with the three illegal substances. The
playful stations 9 and 10 are available as didactic reserves and characterize further drug
classes, in which elements of health education and specialist knowledge are coupled in
a quartet and a memory.

4. Outlook
Initial results of a pilot study yielded positive feedback of the program and individual

stations. Both content and methodological changes were made for the main study. In
order to be able to make a contribution to drug prevention in Germany, the materials are
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supposed to be available for use both in and out of school. Teachers have the opportunity
to acquire specialist knowledge within the framework of teacher training courses. The
provision of a manual with subject-specific information, instructions for experiments,
copy templates and solutions can provide subject-related and interdisciplinary impulses
for implementation in schools. The data evaluation of the main investigation will show
whether this is an acceptance-oriented attractive learning arrangement.
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Abstract

At the Friedrich Schiller University Jena, as at many other universities in Germany,

measures for professionali zat i omotedsmce2@®ac her (
as part of the fAQualitatsoffensive Lehrerhbi

education program for teachers. Furthermore, collaboration between all players in
teacherés education i s -phase and idte-ghade caopenatiprn
A closer connection between subject and subject education is particularly important for
development of modern science teaching. Within the project Learning-to-Teach Lab:
Science (LTL:S), a structure will be established which translates scientific innovations
into school reality through educational transfer supported by empirical research [1].
Following the presentation of the underlying project structure the development process

both

of curriculum innovation will be shown by applying it to the topic i s éhlefal i ng mat er

With the help of experimental implementations school-based approaches are presented.
To investigate the use of such curricular innovations, an empirical research design was

devel oped based on the topictfigrugacéds ngoca

test in fall 2020. For this purpose, a standardized observation protocol was designed
which documents the way in which students deal with the topic. The article will focus on

the development of the research instrument and the di f f er ent steps of t
training. Finally, the projectbs pradgtalous
learning communities.
Keywords: coherent teacher education, observational study, self-healing materials,
professional learning communities
1. Coherence in Teacher Education

The demand for stronger networking in teacher education, both within and across
teacher education phases, has been at the center of subject education discussions for
several years. Since 2015, numerous project initiatives have been founded throughout
Germany within the framework of the,infivRidnal it 2

a contribution is made to the promotion of teacher professionalization through greater
coherence in teacher education [2]. The concept of coherence in teacher education
presents itself as a multifaceted network of numerous content-related and structure-
giving measures [3]. On the conceptual side, a distinction can be made between vertical
and horizontal coherence. Horizontal coherence goes hand in hand with intra-phase
networking, for example when courses are jointly designed by subject and subject
education. The development of a deep structure within a discipline, for example through
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the application of theoretical knowledge in practical situations, can be described as
vertical coherence. Furthermore, networking on a temporal level is divided into
synchronous and consecutive networking. Synchronous coherence is present when, for
example, pre-concepts are discussed in the subject education and the constructivist
foundations are discussed at the same time in the educational sciences. The
construction of a spiral curriculum (cumulative learning) or also the interweaving of the
respective phases of teacher education (cross-phase cooperation) can be interpreted
consecutively, i.e., chronologically. Eventually, relevant subject specifics (e.g., the
methods for gaining knowledge in the natural sciences) or holistic educational concepts
(e.g., education for sustainable development, inclusion) can also be integrated into the
discussion on coherent teacher education.

2. Self-Healing Materials i an example for Curriculum Innovation

The guiding principle of subject-subject education linkage, which is currently
discussed in the subject education landscape, is accompanied by the demand for more
modern science teaching. In order to develop new subject content for science teaching,
current research work must be reviewed, elementarized to the fundamental contexts of
meaning and implementation strategies for teaching derived. Within teacher education
phase, this results in the necessity of cooperation between subject scientists and subject
education experts. Within the framework of such cooperation with the Institute of Organic
and Macromolecular Chemistry, thet opi ¢ -loé alfiisred fmat eri al so0 wa
student seminars in the summer term of 2020. After an introductory and educationally
reduced lecture, small groups worked on partial aspects of this topic. These included
self-healing in nature, self-healing polymers and self-healing concrete and asphalt. For
each aspect, initial educational structuring was developed and, under the guideline of
educational reduction, fundamental principles were focused on, technical terms reduced
and corresponding simplifications integrated. The first results are presented here.

2.1 Self-healing polyurethane-based films

Self-healing films have been marketed for some years as paint protection for
automobiles or coating for mobile phone displays. Their self-healing function is based on
a network of strong covalent bonds and weaker hydrogen bonds [4]. In simple
experiments, the self-healing of such films can be investigated in an everyday context
and used as a motivating introduction to the topic.

2.2 Model experiment of a self-healing asphalt
Self-healing asphalt is based on a composite of bitumen and steel wool. By means
of inductive heating, fine cracks in the asphalt can thus be healed by melted bitumen [5].
In a model experiment (Fig. 1), a mixture of candle wax and graphite flakes is used.
In an electromagnetic alternating field (microwave), the mixture begins to melt, so
that cracks are healed. As a comparison, it can be shown that pure wax does not melt in
the microwave.
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Fig. 1. Experimental approaches to the topic of self-healing materials. ABC: Model
experiment on self-healing asphalt after damage (A), after 10 s microwaving (B) and
after curing (C). DEF: Model experiment on the self-healing of the adhesive hair of the
California mussel. Ideal stress-strain diagram after three cycles (D) [6], sketch of the
model experiment created (F), tensile force-strain diagram for the model experiment after
three cycles (E)
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2.3 Model experiment on self-healing of shell hair

The adhesive hair of the California mussel shows a self-healing mechanism in stress-
strain experiments, w h i cesheetistsuctudeuaad cooodinagive
bonds between zinc ions and histidine-rich proteins [7]. When stretched beyond the
elastic range, the coordinative bonds break at the yield point. The folded sheet structures
are abruptly unfolded by the acting force. When stretched again, the curve is clearly
fl attened, a ssheetstmctues cogtribtitehteethebmodulus of elasticity. After
some time, however, the coordinative bonds are formed again. This process was
simulated in a model experiment (Fig. 1) inwhichtwist ed r ubber band
sheet structures and further rubber bands with magnets represent the proteins with
coordinative bonds.

3. The empirical research desi gn based on the topic
chemistry teachingo

Data collection for the intervention study was conducted with students at the age of
16 and 17 (grades 10 and 11). Questionnaires in a pre-post design are designed to
collect feedback on interest and prior knowledge regarding the topic as well as
acceptance of the program and the individual stations. Short-term program effects on
content learning gains will be asked in an open response format in the post-test. The
way in which the test persons work through the stations and which process-related
competences can be observed will be documented by a trained team of observers. The
focus was set on observing the processing of the stations in collaborative work forms.

The design and content of the measuring instrument was based on work from the

ot ei n
S rej
Aadr
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fields of chemistry didactics, pedagogy, psychology, and classroom research [8-10].

3.1 Training steps of the observer training
In order to generate reliable data and objective assessments, adequate observer
training was designed (Fig. 2).

Observation Discussion of the
Observer training simulation first experiences

Main study

Pretest under
serious conditions

(July 6-13, 2020)

Expert training (Conkomber
October 2020)

(May 7, 2020) (May 12-13, (May 26-27, (June 29, 2020)
2020) 2020)

Fig. 2. Sequence of training steps for observer training

The goal was to explain the developed measurement instrument with associated
rating manual to the observers. In order to become familiar with the method and to gain
a feeling for the sensitivity of relevant behaviours, a video simulation was planned to
determine observer agreement with the measurement instrument [11]. For verification,
multiple simulation videos were double-coded by two independent observers. Cohen&
Kappa (9) was chosen as agreemenin8pacific vakes tof
interrater reliability were obtained, so that the instrument can be used for the upcoming
main study.

3.2 The observation protocol of the main investigation

Four main categories are defined for the documentation (Fig. 3). Each main category
is broken down into three observation foci, which are assessed by four evaluation scales.

In addition, a column with comments and a field for special anomalies are provided.

A rating manual contains feature descriptions and scale expressions. A trained team
of observers codes the measurement instrument parallel to the intervention. The
observers take the role of pure observers without interacting with the research field. To
ensure a laboratory study with a continuous framework, each observer acts as an expert
of an assigned station for the entire phase of the main investigation [12, 13].

obs
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Fig. 3. Main- and subcategories of the observation protocol
4. Digital Learning Communities i a new Approach in Teacher Education?

In this article, a procedure was presented in which current subject content was
developed for teaching at the interface of subject and subject education. It also showed
an example of how such material developments can be evaluated and examined socio-
empirically. Within the QLB, further modules were developed, tested and evaluated in
chemistry education at the Friedrich Schiller University for a coherent teacher education.

These include: Tandem teacher training (tandem of subject scientist and subject
education expert), promotion of the professionalization process of prospective teachers
through early practical experience as well as courses on inclusion, digitalization or
interdisciplinary teaching as cross-cutting topics. To implement these curricular
innovations, cross-phase cooperation between university and school is necessary. The
project fDigitale Lerngemeinschaften zur kohérenten Lernbegleitung im Jenaer Modell
der Lehrerbildungo (Digital Learning Communities for Coherent Learning Support in the
Jena Model of Teacher Education) focuses on increased cooperation between teachers
and the educational sciences and subject education experts of the university through
digital learning formats. The cooperation of the involved actors ties in with the proven
concept of professional learning communities as an effective cooperation structure for
sustainable effects in school development [14]. All in all, these digital learning
communities serve to translate subject education and pedagogical as well as curricular
innovations into everyday school life.
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Abstract

The laboratory has long been considered the best setting for science teaching and
learning for many reasons ranging from the opportunity to develop skills in handling
materials and equipment, to achieving the goal of familiarizing students with scientific
reasoning and the way science is done. From the perspective of scientific competences
development, the capacities that should be highlighted in the teaching of experimental
science are more clearly identified, such as the pertinent application of scientific
knowledge, involvement in research to address problems, as well as proposing,
developing and sustain solutions to them. The usual practice in teaching laboratories is
mainly focused on following established procedures that lead to concrete results that
allow the student to be assigned a grade. However, this way of working provides very
few opportunities for the development of scientific skills in students. The current situation
of health emergency has caused unavoidable changes in the way experimental science
is taught and, with this, a wide variety of alternatives has been opened that can promote
the development of the scientific capacities of students. This work reports the result of
monitoring the development of skills for scientific practice, without considering manual
skills, in a virtual laboratory course in general chemistry for first-year students at a
Peruvian university. These skills were evaluated by means of a rubric that considers the
progress achieved in four levels. The results were compared with those obtained by
students from a previous cohort who had the same course under the standard modality.
Chi square statistic was used, and it was verified that there were significant differences
in the achievements obtained by both groups, being these favourable for the group of
students that followed the virtual modality.

Keywords: Scientific skills, science education, instructional design, assessment
1. Introduction

The current situation of global health emergency has revealed a series of critical
aspects related to organization of society and governments, the relationship between
people, environment, and education, among the most important. In this last aspect,
scientific education undoubtedly assumes a truly relevant role, since it is necessary that
people make use of a set of abilities related to the knowledge of some aspects of science
and the way it is developed to understand the problem in its real dimension, the
preventive actions that are necessary, and the control proposals of the competent
organization. In that sense, for several years scientific education has sought to contribute
to the development of abilities to assess the quality of scientific information; describe,
explain, and predict natural phenomena; identify the scientific issues that determine
political decisions and assume informed positions related to various situations that
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involve science and technology [1], [2]. This concept of scientific literacy is closely related
to that of scientific competence, which includes both scientific knowledge and the use
made of that knowledge to identify questions, acquire new knowledge, explain scientific
phenomena, and draw evidence-based conclusions on matters related to science and
its social impact [3], [4]. That is, scientific competence implies abilities linked to
knowledge, the practice of science and the individual's attitudes towards it.

Regarding the practice of science, the related capacities involve the abilities to
deduce the objective of a determined scientific experience, identify the variables that can
be controlled or measured in an experience, pose problems, formulate hypotheses,
propose research strategies, collect, and process information. In addition, it includes the
skills to elaborate, communicate and support conclusions based on scientific evidence;
assume, and support a position related to them; and reflect on the social impact of the
advancement of science and technology [3], [4].

The laboratory has long been considered the natural context for science teaching. If
the activities to be developed in the laboratory are designed with clear objectives and
with an adequate assessment scheme, high levels of achievement can be achieved in
the development of abilities for inquiry, reasoning, problem solving, as well as skills for
the correct handling of materials and equipment. Additionally, opportunities for the
development of skills for collaborative work and communication are promoted [5].

However, in the specific case of chemistry laboratories, reports have been made that
indicate that it is frequent that the goals of experimental teaching are not aligned with
the results regarding the learning achieved. The organization of the laboratory session
usually implies that the students follow an established procedure and record the results
obtained in a format structured by the teacher. There is a greater emphasis on learning
hands-on techniques and few opportunities for the development of critical thinking,
analysis and discussion of results, development and integration of concepts, and
development of communication skills [6], [7], [8].

The changes that have been made in the way experimental chemistry is taught in the
context of the health emergency have opened a series of alternatives that can help to
promote the capacities that make up scientific practice and that go beyond technical skill.

This paper reports the results of the comparison of two groups of first-year students
from a general chemistry laboratory at a Peruvian university. The comparison variable
was the level of achievement in the development of abilities for scientific practice, without
considering hands-on techniques skills, between a virtual laboratory course and another
developed in traditional mode.

2. Methodology

2.1 Participants

The participants in this study were two cohorts of first year students of Science and
Engineering from a Peruvian university. They were enrolled in a General Chemistry
Laboratory course.

Traditional cohort: 39 students who took the traditional course. They were aged 17-
20 years, 84,62% was male and 15,38% was female.

Virtual cohort: 42 students who took the virtual course. They were aged 17-20 years,
78,57% was male and 21,43% was female.

2.2 Context of the study
The students were organized in permanent groups of three members. The design of
the laboratory course considered three stages:
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a. Pre-laboratory stage: individual preparation stage that consisted of developing
some short activities, such as reviewing some concepts related to the work session,
looking for some physical properties of the substances to be used in the laboratory,
analyze a video related to the experience, as well as to do some simple calculations.

b. Development of the experimental session: In the traditional group the students
developed the laboratory experience following general guidelines for the hands-on
activities, data collection and processing. The teacher was a facilitator during this stage
and, promoted the academic discussion of what was being worked on.

In the virtual group the students worked with simulators available online. These
resources offer the possibility for the students to intervene in the manipulation of
experimental conditions and verify the result in a short time for analysis and processing.

In some cases, they can visualize the phenomenon at the molecular level. The
student maintains an active role throughout the process and the teacher can monitor his
work, the interaction with his group mates, the quality of the discussion and analysis,
through the platform used.

c. Report preparation: The working groups prepared their work report after the end of
the laboratory session. This should be sent for review a week later.

2.3 Instrument
A rubric to assess abilities for scientific practice was applied during the semester in
all the practical sessions. Figure 1 shows the rubric in detalil.

RUBRIC TO ASSESS ABILITIES FOR SCIENTIFIC PRACTICE

ACCOMPLISHED PARTIAL ACHIEVEMENT WITH DIFFICULTY UNACHIEVED
* The student is on time for the * The student is on time for the * The student is on time for the * Student is on time for the session
session and is ready to start work. session and is partially ready to session but is not ready to start sometimes and not ready to start
* The student works in an organized start work. work. work.
manner with his fellow group * The student works in an organized | * The student's work with his group * The student's work with his group
members. manner with his fellow group mates has organizational mates has serious organizational

* The student performs
observations, data collection,

members.
* The student makes correct

problems.
* The student makes observations,

problems.
* The student makes observations,

and interp in observations, data collection, data collection, calculations, and data collection, calculations, and
a correct and way i and interp i i with his fellow interpretations with his fellow
with his groupmates. with his fellow group members, but group , but with freq group i or
requires guidance. eITors. with serious errors.

* The student presents his results in
an organized and coherent way

* The student presents his results in
an organized and coherent way

* The student presents his results in
a partially organized and coherent

with the objectives of the with the objectives of the way with the objectives of the

i the logy and i the h gy and experiment, the methodology and
procedures followed. procedures followed. procedures followed

» The student correctly analyzes the | * The student correctly analyzes the | e The student analyzes the results

results relating and supporting results relating and supporting relating and supporting the
them with the corresponding them with the i ponding theory, but with
theory. He discusses possible theory and di some i
sources of error, comments on the sources of error. * The student integrates the results
similarities and differences of his * The student integrates the results obtained with the concept or

results with those of the other work
groups and makes suggestions to
improve the experiment.

* The student integrates the resuits
obtained with the concept or

obtained with the concept or
scientific principle involved. He

ions the level of achi
for each of the objectives initially
raised, relating to the theory and
i of error.

scientific princi| Ived. He
the level of
for each of the objectives inifially
raised, relating to the theory and
possible sources of error. Report
difficulties or unexpected events
indicating the way in which they
were solved.

scientific principle involved.

* The student presents some
results, but with a lack of
organization and coherence with
the objectives of the experiment,
the methodology and procedures
followed.

* The student analyzes the results
poorly, with serious confusion in
the application of the theoretical
concepts related to the
experiment.

Fig. 1. Rubric to assess abilities for scientific practice

2.4 Analysis of data

The data were analyzed using Statistical Package for the Social Sciences (SPSS) 23
software ®. Level alpha was established a priori in 0,05. Chi square statistic was used
to verified if there were significant differences in the achievements obtained by both
groups.
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3. Results

Figures 2 and 3 show the frequency at each level of achievement for each laboratory
session of the traditional group and the virtual group, respectively.
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Fig. 2. Level of achievement for each lab session of the traditional group
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Fig. 3. Level of achievement for each lab session of the virtual group

Figure 4 shows the average achievement level for the two participating groups.
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Fig. 4. Average achievement level for the two participating groups

The results of the Chi-square test showed that 100% of the cases were valid. Table
1 corresponds to Level * Group crosstabulation.

Table 1. Level * Group Crosstabulation

|Group
|traditiona| virtual Total
Scientific practice Partiall
Sbilties achieved 34 26 60
Accomplished |5 16 21
Total 39 A2 81

The value of the Continuity Correction statistic, since it is a 2x2 table, was 5.475 with
one freedom degree and p-value=0.019. 0% of cells had an expected frequency lower
than 5, the minimum expected frequency was 10.11. According to these results, it can
be affirmed that there is significant evidence of association between the variables, that
is, that the highest proportion of people who qualified at Accomplished level can be
associated with the virtual group.

The results clearly show the effect of working using informatic resources, such as
simulators, on the level of achievement achieved in developing skills related to scientific
practice. Unlike traditional experimental work, the students of the virtual group showed
greater engagement in the observation and study of the phenomenon or process studied,
enriching the discussion and analysis of the data obtained. The exchange of ideas, the
formulation of their own questions and the elaboration of conclusions had greater
emphasis in the work of the virtual group. Additionally, t he t eacher &s
student s6 work was carried out more eff
opportunity for interaction and monitoring of the dynamics followed by the students.

Additionally, the work carried out in the synchronous session contributed more
significantly to the preparation of the final report, whose quality was notably higher in the
virtual group.
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4. Conclusions

The goals of science teaching in laboratories should involve skills for technical work
and those that promote scientific reasoning, problem solving, critical thinking, and
scientific communication. The results obtained provide evidence to consider alternatives
to achieve these objectives. The challenge for educators is to develop pedagogical
designs that take advantage of both direct experimental work and the use of computer
resources, seeking a coherent alignment between educational goals, the design
elaborated and the corresponding assessment system. The laboratory is still the best
context for learning science, but the variety of resources that can enhance student
learning achievements should not be lost sight of.
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Abstract

With the continuing COVID-19 situation, science has moved closer to the focus of
society, with research into new vaccines and therapeutic options being the central focus.
It seems therefore appropriate to take up this current interest in science and medicine,
which has been intensified by media, and to address medical topics in STEM lessons to
motivate students [1]. Beyond COVID-19, however, research continues into many areas
such as cancer or anti-inflammatory strategies [2]. A promising approach for the
treatment of both examples (and many more) is related to nanotechnology.
Nanomaterials can be used as a transport system for active ingredients and transport
them more specifically to the location where they are intended to work. It is therefore
known as HAdr ugud etl awe e3lyBubtgeonanfindterial itself can also
be used as an active ingredient or adjuvant for a therapy. Magnetite nanoparticles
(Fes0.) are an important material for both approaches. Due to their outstanding magnetic
properties, their good biocompatibility and good availability, they are subject of many
research projects and offer great potential for modern medical solutions either as part of
a carrier system or, for example, to induce heat to damage cancer cells [4]. The synthesis
of magnetite nanoparticles with educational means is already sufficiently documented
and ferrofluids are already available for purchase at low cost on the Internet. This results
in the potential combination of medicine and nanotechnology, which provides a wide
range of learning opportunities for STEM education. In this contribution will be shown
how magnetite nanoparticles can be synthesized with simple school chemicals and
stabilized as ferrofluids. Subsequently, the ferrofluid will be used in a model experiment
to illustrate the hypothermic treatment of tumor cells and first practical experiences with
students in the student laboratory will be presented.

Keywords: nanotechnology, ferrofluid, medicine
1. Introduction

Current medical research, in particular the development of a vaccine for the
coronavirus, has been observed by society with great expectations. But other research
projects not related to corona are not less important or exciting. Research is continuing
to look for a cure for cancer and Alzheimer& disease or on combating multi-resistant
germs, with a wide variety of approaches being pursued. One example is
nanotechnology. The corresponding nanomaterials have not only established
themselves for use in products for end consumers and industry, but they hold great



82 ®Filodiritto Editore i 10" International Conference New Perspectives in Science Education

potential for medicine too [1]. In addition to silver, which is also important as a non-
nanomaterial for medicine, magnetite nanoparticles are being investigated for medical
purposes. If nanoscale magnetite is bound to an enclosed active ingredient, it will be
transported directly to the intended site of action with the aid of an appropriate magnetic
field due the magnetiteds superparamagnetic
deliveryo or fAdrug targetingo.

But nanoscale magnetite can be used as an active agent itself too. When it is placed
into a magnetic field that changes the orientation of the field at a certain frequency (also
referred to as an alternating or oscillating magnetic field), the magnetite heats up so
much that a tumor can be consequently damaged or even destroyed. If the tumor is
damaged, other agents can better act on the tumor. In this way nanoscale magnetite can
support other active ingredients [4].

Since the phenomenon of induction heat is already an exciting topic for its own, this
offers the option of a promising expansion of the subject area, which will be explored in
the following.

2. Objectives

For students in STEM classes, evaluation competence is of great importance, since
they should be able to evaluate scientific results in everyday life contexts based on their
knowledge. Current research topics, which chances and risks are still to be assessed,
provide a great context to develop or promote this competence. The hanosciences has
emerged as an especially suited field for this. Many different materials and contexts have
already been successfully used for this, like potential harms and chances of zinc oxide
or titanium oxide nanoparticles from sunscreen [5]. Magnetite nanoparticles are
sometimes prepared in schools as they show impressive magnetic properties; the
application as active agents in tumor therapy, however, has not yet been developed for
chemistry education so far. The next chapters describe a simple ferrofluid synthesis with
a subsequent model experiment for its application in tumor therapy.

3. Didactic Reconstruction

For local hyperthermal treatment, a water-based ferrofluid is initiated into the affected
tissue. The ferrofluid consists of magnetite nanoparticles dispersed in water with the aid
of a stabilizer. Without the stabilizer, the particles would agglomerate and lose their
useful properties. The affected tissue is now placed in an alternating magnetic field,
generated by a strong induction coil operated with alternating current. Depending on the
strength of the magnetic field, the frequency of the current and the nature of the
nanoparticles (such as how much energy is required for an alignment), heating of these
particles occurs.

A similar phenomenon is known from the kitchen while cooking with induction.

Analogously, a magnetic pot or pan is placed on the field and analogously exposed
to an alternating magnetic field, causing it to heat up. Although there are many parallels
in both processes, there are nevertheless serious differences. For example, the pot is
ideally ferromagnetic, while the nanoparticles in the ferrofluid are superparamagnetic.

Simplified, a non-magnetized ferromagnet consists of various elementary magnets
that have the same orientation in magnetic domains. By applying a magnetic field, all
elementary magnets of all domains now align themselves with it. After the magnetic field
is removed, the alignment remains for a certain time and hold its own magnetic field. In
case of magnetite nanopatrticles, each particle represents its own magnetic domain. If
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these are brought into a magnetic field, their elementary magnets and thus the domains
align with it, but the particles are also able to align themselves with the field by rotation.

If the magnetic field is now removed, this order is lost again. Compared to the pot,
the material does not retain an own magnetic field; it has no remanence. In an alternating
magnetic field both materials change their magnetic orientation regularly and heat up
due to the magnetization losses. These are based, among other things, on the so-called
hysteresis losses, which occur during steady remagnetization, and the eddy current
losses, which occur due to electrically induced currents. In the case of nanoparticles,
there is an additional effect: not only can the magnetic orientation within the particle
change, but the entire particle can rotate according to the constantly changing field
direction, thus generating additional heat (see Fig. 1) [4].

L:TT\ L\T/ 6) iI\v/} (U \J [\\,,/'
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Fig. 1. In an external applied magnetic field, the spin (left)
and the whole nanoparticles align (right) to it

This exciting subject area, located between physics and chemistry, provides a
suitable context for an introduction to nanotechnology with insights into current medical
research. According to empirical findings, the medical context is particularly interesting
for female students [1] while nanoscience education appeals to both genders equally [6].

Therefore, there are at least two experiments on the subject. On the one hand the
synthesis of the ferrofluid and on the other hand a model experiment to determine the
heating of a ferrofluid in an oscillating magnetic field.

3.1 Synthesis of Ferrofluids

Many instructions are already published for the synthesis of ferrofluids, and some are
now also commercially available at low cost. Best results were obtained with an adapted
variant of Berger et al., [7], which has also been used for further nanoscience teaching
projects such as magnetic nanocomposites [8]. The synthesis consists of two steps.

1 Inthe first step magnetite nanoparticles are prepared and stabilized to obtain a
ferrofluid. For this, 3.5 g of iron () sulfate and 2.0 g of iron (lll) chloride are
dissolved in 25 mL of water. To this, 100 mL of a 2 M ammonium hydroxide
solution is added over the course of about 5 minutes with vigorous stirring.

1 During the addition, the initially yellow liquid quickly turns deep black. After the
base has been completely added, the solid can be fixed to the bottom by means
of a strong neodymium magnet and the liquid poured off. By adding water again
and then decanting analogously, unreacted educts and interfering products are
removed.

After washing several times, about 0.3 g of Tetrabutylammonium hydroxide solution
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(ATBAHO) is added and stirred well. | f
mixture, Rosensweig lines indicate the presence of superparamagnetic nanoparticles

(Fig. 2).

Fig. 2. from left to right: Solution upon addition of ammonia, sedimentation
nanoparticles with the magnet, washed nanopatrticle dispersion, ferrofluid stabilized with
TBAH.

3.2 Tumor therapy: hyperthermia model experiment

For the measurement, two snap-cap vials are placed on an induction plate. One vial
is filled with the ferrofluid and water, the other with the same amount of water. A
thermometer or temperature probe is now held in each of them. Now the field can be
switched on and the temperature is measured in both vials. After 20 minutes with a power
of 3.500 W, a clear trend can be seen: the ferrofluid heats up more than the reference.

By using Styrofoam plates, the influence of external factors is reduced (e.g., radiated
heat) and the effect can be intensified. The measurement with the LabPi measuring
station has proven itself well in the student laboratory, since not only the initial and final
temperature, but also the course of the curves can be compared. Although the aluminum
coating of the sensor also heats up during operation due to the magnetic field, the effect
is the same for the reference and therefore negligible.

Fig. 3. Experimental setup: Induction hob with both vials. The left one contains a
ferrofluid, the right one only water. Temperature measurements are acquired with LabPi
measuring stations

t
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4. Practical Experience

While the synthesis is mainly chemical in nature, the model experiment is very good
to incorporate in physics lessons. However, the knowledge of induction and eddy
currents is very important for this, so it is typically addressed in secondary level K-12
grades.

Both experiments have been piloted with students during a summer school; the
synthesis has also been included in a laboratory practical course of the teacher training
program at the Friedrich-Schiller-University in Jena. In both cases, the experiments were
carried out successful by students and described as exciting and motivating. When the
pandemic situation allows further evaluation, this experiment series will be carried out in
regular chemistry and physics lessons and implemented into teacher formation.

The didactic potential of nanomedicine will be enhanced by and linked with further
research areas and contexts, such as polymer chemistry for e.g., targeted drug delivery
[2, 3] or smart material design [8].

Fig. 4. Students in the lab preparing samples for the model experiment
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Abstract

Chemistry as a science about the structure, properties and transformation of substances
heavily relies on adequate forms of visualization. Due to the high complexity and
abstractness of representations, organic chemistry in particular is regarded as a
challenging subfield of chemistry. When working on complex reaction mechanisms,
students must spend high amounts of their cognitive capacities on the processing of
symbolic language, which means that fewer resources are available for actual learning
[1].

In this respect, cognitive psychology calls for consideration of the architecture of human
working memory. According to the Cognitive Theory of Multimedia Learning, working
memory is divided into two autonomously working subsystems [2]. Both subsystems
process information according to their codality (symbolic vs. linguistic). Traditional
teaching formats of organic chemistry most often exhaust capacities of the symbolic
subsystem while valuable resources of the linguistic system remain unused. Meaningful
learning could hence be fostered by evenly distributing information between both
subsystems. Furthermore, the symbolic subsystems of the working memory can be
relieved by outsourcing cognitively demanding processes (e.g., complex
rearrangements within a mechanism) into the learning environment [3].

Unpublished preliminary work has shown that it is possible to apply the design features
derived from the Cognitive Theory of Multimedia Learning to videos with learning
contents from higher organic chemistry (electrophilic aromatic substitution). Within the
framework of a doctoral project, it shall now be investigated to what extent learning with
dynamic representations differs from learning with static representations. In addition to
measuring cognitive load, transfer and retention in a control group design, it will also be
examined whether spatial ability and prior knowledge influence learning success.

This paper presents the Cognitive Theory of Multimedia Learning as a theoretical
framework for video-based learning with complex mechanisms in organic chemistry.
Based on this consideration, hypotheses for higher transfer and retention performance
when learning with videos are derived.

Keywords: chemistry education, organic chemistry, animation, multimedia, reaction mechanism
1. Introduction
Chemistry as a science about the structure, properties and transformation of

substances heavily relies on adequate forms of visualization. Since particles on the sub-
microscopic level cannot be observed chemists developed various tools to visualize and
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share information in their field of work. Most of these visualizations, with the structural
formula as the most prominent one, hold a lot of implicit information which are not readily
accessible for novices.

Studies in higher education show that organic chemistry in particular is perceived as
a challenging sub-discipline of chemistry by many students. This is due to the frequent
change in levels of representation as well as the expansive and information-rich symbolic
language of the subject [4]. Complex reaction mechanisms in particular pose a challenge
for students, as many cognitive resources must be devoted to interpreting the symbolic
language. As a result, students increasingly focus on surface features such as functional
groups and do not recognize the underlying structural properties of the molecules [5].

However, it is these properties that provide crucial information to the course of
chemical reactions, so students often make erroneous mechanistic predictions. The high
workload of the cognitive system also results in fewer resources available for
constructing and modifying mental models, which impairs learning and performance [1].

Based on a cognitive psychology approach, the following will explain how learning
organic chemistry reaction mechanisms can be facilitated by incorporating dynamic
multimedia in learning environments.

2. Theoretical Framework

Since the term (dynamic) multimedia has a variety of definitions, a clarification of
terms shall be given first. Media can be distinguished by the senses through which they
are perceived. This property of media is called modality. Though information can be
received through all five senses, this article focusses on the sense of hearing and the
sense of sight. Media that convey information through the sense of hearing are referred
to as auditory. Media that convey information via the sense of sight are referred to as
visual. Media can also be assigned different forms of codality according to the symbol
system which is encoding the presented information [6]. Media that convey information
encoded in the form of images are called pictorial while media that encode information
in the form of speech are called verbal. These distinctions result in four possible
modality-codality combinations (Fig. 1). Due to the low relevance of the auditory/pictorial
combination, only the three combinations voice, text, and picture will be considered in
the following.

MODALITY

AUDITORY VISUAL

VERBAL

B

Fig. 1. Possible Combination for modality and codality
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In consideration of that multimedia can be defined as media that combine the
characteristics of multimodality and multicodality [7]. Thus, they must (1) convey
information using the sense of sight as well as the sense of hearing and (2) use language
and images as symbol systems.

Dynamic multimedia is of particular interest for chemical education research because
they can adequately depict dynamics at the sub-microscopic level, whereas their static
equivalents can only indicate such dynamics by reaction arrows and dashed lines.

This clarification of terms allows to scientifically frame oftentimes indistinct terms such

as fAl evairdneionsgb as dynami ¢c mulemacecesgbie forreseath.t hus

Mayers Cognitive Theory of Multimedia Learning [2] provides a valid model for
learning in multimedia learning environments. (Fig. 2) According to the theory the human
cognitive system is divided into long-term memory and working memory, with the working
memory being the core of the model. It is considered to be strongly limited in its capacity
and thus represents the limiting factor in the learning process. An overload of the working
memory results in the so-called cognitive overload, which results in an immediate
termination of the learning process. Consequently, all design principles to be derived
from the Cognitive Theory of Multimedia Learning aim at reducing the cognitive load in
the working memory.

Furthermore, the theory assumes a division of the working memory into two
autonomously working subsystems. Both channels process information according to
their modality and codality, however they can be simplistically assumed as a language
channel and a picture channel [2]. Due to the use of extensive symbolic language,
conventional teaching formats in organic chemistry overuse the picture channel of the
working memory, leaving valuable resources of the language channel unused.

Multimedia )
Learning Sensoric Working Memory Long-Term
Environment Memory Memory
e \ - —

Verbal
Model

Prior
Knowledge

Pictorial

Pictures Model

J

N

Fig. 2. Cognitive Theory of Multimedia Learning

When learning with dynamic multimedia however, both channels can be engaged
equally. The cognitive resources saved are then available to students for performing
other demanding cognitive tasks. Furthermore, the even load allows the exchange of
information between both channels and results in the construction of a verbal model and
a pictorial model which are equally valid. With this a more elaborate and more
comprehensive mental model can be created in the step of integration (Fig. 2).

In Addition to that, dynamic multimedia can cognitively relieve students through
supplantation [ 3]. I n conventional t ea
displayed as static representations and hence unable to depict dynamics on a sub-
microscopic level appropriately. Consequently, students must emulate the dynamics
through cognitive modelling which requires a large number of cognitive resources,

chi
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especially for complex reaction mechanisms [8]. However, wit h  dy nami c
ability to depict dynamics, sophisticated cognitive modelling (e.g., intramolecular
rearrangements) can be outsourced to the learning environment. The capacities saved
this way can be used for the construction of elaborate mental models.

3. Preliminary Work

In the context of an examination thesis at the Friedrich Schiller University of Jena, it
was investigated to which extend the approach outlined above could be used for the
creation of dynamic multimedia in chemistry education. Based on the Cognitive Theory
of Multimedia Learning [2], six design principles were used for the criteria-led
construction of dynamic multimedia. Electrophilic aromatic substitution was chosen as
the learning content because the underlying mechanism requires high visualization and,
due to the mesomeric-stabilized complexes, benefits especially from the dynamic
multimedia format [9].

In order to evaluate the material, student teachers in the 8" and 10t semesters were
surveyed (N=28). A questionnaire was used, which asked with an ordinally scaled, four-
step Lickert scale whether the respondents considered the individual design principles
as implemented or not implemented. This questionnaire provided a positive sentiment
and was able to show that (1) student teachers evaluated the learning video series as
positive without knowledge of the model and its design criteria and that (2) student
teachers considered the elaborated design criteria as implemented with knowledge of
the model and its design criteria. Therefore, it can be concluded that the Cognitive
Theory of Multimedia Learning [2] is an elegibile cognitive psychological approach for
creating dynamic multimedia in chemistry education.

4. Outlook

In further research, it will now be investigated whether and to what extent the
expected differences in learning with dynamic multimedia and static monomedia can be
measured. The learning content will also be a mechanistically demanding learning
content of higher organic chemistry, which, just like electrophilic aromatic substitution,
requires high visualization [9]. In this context, the questionnaire of the preliminary work
shall serve as a starting point for the creation of measuring instruments for further work.

In a control group design, it will be investigated whether retention and transfer
performance of both groups differ. In addition, the level of prior knowledge will be
surveyed to investigate whether students with little or high prior knowledge benefit from
the dynamic multimedia treatment. Another research interest is the influence of the
spatial ability on the constructs mentioned above. It is unclear whether, under the
outlined conditions, learners with low spatial imagination (ability-as-compensator
hypothesis) or learners with high spatial imagination (ability-as-enhancer hypothesis)
benefit more from learning with dynamic multimedia [10]. To investigate this question,
the spatial imagination will also be measured.
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Abstract

Mostst udent | aboratories organized and cared
interest in sciences by offering experimental courses for school classes and working
closely to their school 6s curricul umorkilgt t he
group for chemistry education is aiming to enhance this offer in two ways by intertwining

the existing classical student laboratory with digital media elements and providing it with

a learning-to-teach-approach.

Learning-to-teach-laboratories are defined as a special organizational form of teacher
education. By supervising students during the experimental courses of student
laboratories, student teachers can gather teaching experience, thus combining learning

activities of students with job-related qualifications of student teachers. Applying this

approach to the student laboratory in Jena, chemistry student teachers can experience

a change of perspective from the role of a student to a chemistry teacher.

Furthermore,i n al | st age 6s agiPadsiandaMhitelmards iwid besised th

i mprove studentsd experience of-moteh®or tteour se
integration of learning technology these technical augmentations are aiming to enhance

and transform the learning culture of the student laboratory through expansion of the
experimental courses by new innovative modules, which will be evaluated by an
accompanying study.

Keywords: teaching chemistry, student laboratories, digitalisation, learning-to-teach-lab

1. Introduction

Since 2003, the student chemistry laboratory of the Friedrich Schiller University Jena
has offered learning opportunities for interested learning groups of all ages. The student
laboratory is funded, supported, and supervised by the working group for chemistry
education and its staff. The courses, experiments and materials have been developed
over the years during various research projects and are constantly updated and
expanded. The provided materials include experimental instructions as well as exercises
to help understand the science behind them. Due to this set up it can be qualified as a
6classical student | aboratorydé [1].

When looking for ways to expand this offer, two fruitful approaches were found. To
include the student laboratory further in the teachers training a learning-to-teach-course
was designed. Moreover, a change to the experimental course design is being made. By
including digital media and expanding the experimental courses with e-learning units it
is hoped that learning efficiency and motivation will increase.
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2. Student laboratories and the teacher education

Combining university-based teacher education with practice elements, learning-to-
teach-laboratories ( abbr evi ated as #ALTLO in the follow
prospective STEM teachers, play an increasingly important role [2]. LTL is currently
under st ood atspecidd ergarizptional. fgrm of teacher education in which
learning, or support activities of students and the job-related qualification of student
teachers are meaningfully linked.0 [ 3]

2.1 Concept of the LTL in Jena
In a one-semester-module, chemistry student teachers in their first semester can
already experience an initial shift of perspective from the role of a student to a chemistry
teacher. The focus here is on reflective engagement with beliefs and motivational
orientations, which is an important component of teacher professionalism [4].

The concept is based on the principle of subject-specific instructional coaching which
includes three sections: preliminary et
discussion 1 teaching sequence 1
debriefing. The phases of pre- and
post-discussion are designed in
corresponding to a co-constructive
dialogue [5] between the student
teachers and the lecturer. The
participants work in small groups,
each planning and carrying out one
session in the student laboratory. After
an introduction, basic didactic
seminars are held for all participants,

introductory session
(qualification goals, procedure, etc.)

seminars & mandatory group-
practical courses related consultations

student laboratory session
& debriefing

in which the necessary contents are .@. closing session i I.
worked out together. Furthermore, the o (resentation ofesuls & feedback) ’

semester

groups get to know the experiments of
their student lab theme in practical
courses. Simultaneously, group-related consultations are held to prepare the respective
student laboratory session. Each group then carries out the previously planned teaching
sequence in the student laboratory. Immediately afterwards, a debriefing session takes
place to evaluate the sequence regarding the reflection criteria previously defined. In a
final meeting, the group results are compiled, experiences are shared and reflected on
together (Fig. 1). During the module, all results and reflections are documented in a
portfolio.

Fig. 1. Schematic semester

2.2 First evaluation results

Already from first experiences with the concept, the participants rated both the format
and the early theory-practice, as profitable overall [6]. In the pilot study, a questionnaire
survey in a pre-post design with a five-point Likert scale (1 = not true to 5 = completely
true) was used. A total number of 19 students was surveyed. In the figures, the mean
values associated with the items are shown with the respective standard deviation.

Regarding the perception of the course format, the data obtained generally indicates
that student teachers evaluate the practical experience in the first semester positively.

The basic conception is also considered sensible by them. Furthermore, specific
course elements, such as working in groups or the prior supervision by the lecturers, are
also met with a high level of approval (Fig. 2).
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Assessment event format and early practical experience =Pre mPost
5.0095.00
4.84
1.89
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courses to have to be able to gain liked more the concept
prepared me prepared/ practical experience support from of the

well for the conducted the in dealing with the courses learning-to-

situation in the student lab students in the beforehand. teach-lab
student [ab. session in first semester. to be useful.

a group.
Fig.2.Sel ected items on the assessment of

perception of the early practical experience

Concerning the career choice motivation, the piloting results initially indicate that
participants chose to study chemistry with a high level of motivation. This remains largely
constant after the interaction with the students. It is also evident that the experience
tends to reinforce the career aspirations rather than raising doubts about them. From this
it can be concluded that an initial experience in the LTL can influence the career choice
decision at the start of the study and even reinforce it (Fig. 3).

Career choice motivation and change in career aspirations  =Pre = Post

I would like The preparation/ The preparation/ After completing
to become a execution of the execution of the the student lab
chemistry teacher. student lab student lab term, | feel
session has session made better prepared
strengthened my me doubt my for future
career aspirations career aspirations professional
to become a to become a practice.
chemistry teacher. chemistry teacher.

Fig. 3. Selected items on the career choice motivation and on possible changes of the
wish to become a chemistry teacher

t
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Finally, the participants assessed the quality of their student lab session and their
own competencies (Fig. 4). In the area of these self-efficacy expectations, positive
effects can be recognized regarding the effectiveness of the unit planned and carried out
by the participants as well as their own competencies. These can be observed mainly in
the assessment of the studentsd time manag
prof essi onal responds to studentsd ingtméries.
interaction in LTL and regarding the point of time in the study, the effects are to be
assessed as low. The high standard deviations for many items indicate that the
evaluation by the participants seems to differ significantly on an individual level.

Quality of the lab session and self-efficacy expectations =Pre mPost

||

After the student The students 1 will be able to 1 will be able to
lab session, the will do weli/have respond/have assert myself in
students will/have done well with responded troubled situations./
achieved the the available confidently to [ could assert

learning objects time for the students’ myself in
we set up in experiments in technical inquiries. troubled situations.
advance. the student lab.

Fig. 4. Selected items on self-assessed quality of the student lab session
and on aspects of self-efficacy expectations

3. Digitalisation and expansion of the student laboratory in Jena

The existing student laboratory is to be expanded at several central points with
innovative modules. One aim is to link classical and well-established aspects with future-
oriented possibilities of the digital world. Digital media should be used with a sense of
proportion and by utilising their specific potential. Therefore, digital aspects will be
integrated in the different stages of the student laboratory day to different extents.
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3.1 Renewed concept of the student laboratory
The renewed concept and schedule of a student laboratory day is illustrated in the
following figure:

experimen- immersion
thematic tation phase: comparison phase: discussion

§ . experiments and tasks for the
introduction s of results digital and feedback

laboratory laboratory

Fig. 5. Renewed sequence of the student laboratory

As preparation for the experimentation phase, a thematic introduction is planned, in
which the stations and their focal points are presented to get a distinct insight into the
topic and to prepare the students for the experiments accordingly. The experimentation
phase itself is essentially identical to the previous contents of the classical student
laboratory. Existing experiments from the student lab, which have proven themselves
during regular realizations, can therefore be adopted for this phase.

Afterwards, a comparison of the results from the student laboratory should take place.

The students can compare their results for each station and can correct previous
mistakes and unclarities. With the planned immersion phase, a completely new format
will now find its way into the student lab day. The students will have the opportunity to
apply their knowledge and deepen their understanding of the subject-related aspects of
the stations. A short discussion and feedback session should conclude the day and offer
the students time and space for reflection. In addition, any topics that emerge here can
offer suggestions for the follow-up of the student lab day in school.

3.2 Establishing the concept of a digital student laboratory

Digital media will be integrated into the work processes in a variety of ways. First, the
previous experimental instructions for the experimentation phase are gradually being
converted into digital experimental scripts. In the sense of e-books these digital
experimental scripts can already contain graphics or other interactive elements that
extend the functionality of analogue scripts. In the sense of the SAMR model [7]
analogue content will be directly replaced by digital content and its range of functions
expanded. Thus, the first stage in the integration of learning technology, enhancement,
is achieved.

The use of iPads also makes it possible to design tasks in a new and open way: The
app Prezi will be used for the thematic introduction. In this app, presentations no longer
correspond to a linear format but can be perceived interactively. In this way, several
layers of the presentation can be incorporated, and the reader can grasp the information
in a self-determined way. The software Explain Everything will be used in the immersion
phase. This app can be used to simulate a whiteboard on any device, which can be
prepared in different ways depending on the task. Thus, additional help, videos, links,
etc. can be integrated, thereby transforming the learning environment. The next stage of
integrating learning technology in the SAMR model, transformation, is thus achieved and
the potential of digital media largely realised.
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Technology acts as a direct substitute with no
functional change
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Fig. 6. Reconstruction of the SAMR model)

3.3 Evaluation and integration of the concept

The newly created concept is to be reviewed subsequently. For this purpose, a study
with about 100 students is planned. The learning effectiveness will be examined by a
pre-test/post-test design. In the beginning, only the immersion phase will be evaluated
in comparison to groups who will instead experience the classical student laboratory
schedule with more experiments. It will be investigated whether the pupils who have
gone through the student laboratory with the digital immersion phase achieve better
results and thus learning progress than those who have only gone through the
experimentation phase. This would be a first indication that the new offer is more
effective for learning than the previous offer. The results of the study will then be
analysed, and conclusions drawn about further development possibilities and the future
orientation of the student lab. A follow-up questionnaire is planned, examining long-term
effects of the intervention.
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Abstract

Fundamental scientific research and its results are very difficult to understand for the
general public since they are mainly communicated between experts in the respective
field and presented in a way that laypersons cannot easily understand. This leads to a
separation between science and society and consequently to a lack of awareness and
often a lack of mutual appreciation. The didactic reconstruction of current research
results addresses this challenge by making future-oriented topics and their associated
research methods accessible to society.

The field of photochemistry is currently subject of intense research and offers excellent
learning opportunities. Related technologies find broad applications in everyday life,
science and technology, ranging from solar collectors and photocatalytic wastewater
treatment to light-emitting diodes (LEDs) and beyond. Due to their strong connection to
everyday life, their great significance in the present and the future, their possibilities for
interdisciplinary approaches and contexts, these topics offer just as great a potential for
teaching in formal as in non-formal educational programs. From a didactic point of view,
they offer a variety of interdisciplinary learning opportunities and numerous references
to the basic concepts of energy (conversion and storage), chemical reaction and
structural properties. In addition, there are numerous links to many classical contents
and content fields of chemistry lessons at secondary level Il.

In our article we present how current research results on photocatalysis can be
reconstructed didactically and implemented into schools and student laboratories. In
close collaboration with chemistry research groups, teaching concepts, teaching
materials and (model) experiments have been developed that can be carried out with
harmless chemicals and low-cost analytics.

Keywords: Chemistry Education, Didactic Reconstruction, Photocatalysis
1. Introduction

Good communication between science and society is of vital relevance and interest
to both groups. This becomes patrticularly clear in the current exceptional situation when,
for example, research processes for the development of drugs and vaccines to treat
COVID-19 have to be communicated to the public in an understandable way. Strong
relations to science are also of great importance for school chemistry education and vice
versa: the subject of chemistry is often per
[1] and over 70% of students cannot imagine taking up a STEM profession [2].
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The examination of current research results within exciting contexts and with a high
level of relevance to everyday life offers a variety of opportunities to contribute to the
solution of both problems. Future-oriented topics and their associated research methods
can be made accessible to society through the didactic reconstruction of current
research. This offers students as well as teachers not only motivating learning
opportunities and contexts, but also enables participation in social discourses in the
sense of a Scientific Literacy and reveals new career perspectives. It offers the interested
public the opportunity to encounter future technologies to obtain comprehensible first-
hand information and to participate in scientific and educational policy debates.

2. Photochemistry: Chemistry in the right light

Reactions driven by (solar-) light are the main focus of the German transregional
collaborative research center 234 CataLight (TRR 234), hosted by Ulm University and
Friedrich-Schiller-University Jena with additional project partners at Max Planck Institute
for Polymer Research Mainz, Vienna University and the Institute for Photonic
Technology Jena. To pave way for a broad usage of abundant solar energy, CatalLight
develops molecular light-driven chromophores and catalysts, and establishes concepts
for their integration into soft matter matrices.

The thematic orientation of CatalLight offers excellent opportunities for school
chemistry education. Chemical reactions with (solar) light represent the basis of
numerous processes that enable life in the biosphere. They also have broad applications
in everyday life, science and technology, ranging from solar collectors over
photocatalytic wastewater treatment to light-emitting diodes (LEDs) and beyond. Due to
their strong connection to everyday life, their great importance in the present and future,
and the possibilities for interdisciplinary considerations, they offer as much potential for
teaching in formal as in non-formal educational programs. From a didactic point of view,
they further provide a variety of interdisciplinary learning opportunities and numerous
references to the basic concepts of Energy, Chemical Reaction and Structure-Property-
Relations. In addition, there are numerous links to many classic contents and content
areas of chemistry lessons at secondary level Il [3, 4].

For these and ot her reasons, the topi
research by several didactic research groups; however, the core curricula and syllabi are
still mostly limited to superficial considerations and a few examples of application, such
as photosynthesis or solar collectors. Current research on these objectives has rarely
been taught in schools and student laboratories to any great extent, nor has the impact
been considered, that such new technologies can contribute to society as a whole (e.g.,
energy supply, mobility, climate change).

3. CataLight: Shedding light on chemistry

Within Catalight, new photosensitizers, photocatalysts and suited soft matter
matrices for the immobilization of these chemically active components are developed.

To understand the interaction between all components of the reactive systems, an
interdisciplinary effort is required to generate a fundamental understanding rather than
gaining specific insights into only a particular chemical system. Consequently, research
activities cover the fields of theoretical, physical, organic, inorganic and analytical
chemistry as well as physics and chemical engineering. Below, two selected research
areas are briefly presented.

One research area within Catalight performs photochemistry in a soft matter

of
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membrane-material that is very similar to the natural material of cell membranes:
phospholipid bilayers. In water, such membranes form so called vesicles, which serve
as nanoscopic chemical reactors. In this project, the membrane itself is used to self-
assemble chromophores to absorb several colors of the visible light and funnel the light
energy from the membrane surface to the inner water interface of the nano reactor where
the energy is used to convert substrate into product (see Figure 1 and 2).

With regard to chemistry education, direct links exist to the subject area of
surfactants, which are typically taught in secondary level 1l. Since amphiphilic molecular

structures and micelle formation are well known by students,t hese ficl assi ¢
can easily be transferred to a current research context within CataLight.
A) Amphiphiles for bilayers and vesicles
o~ a in water
hydrophobic hydrophilic
tail group head group
B) Example
o o 'l‘,
ANAAAANA P.
OYOSO/\/ ~ Diameter < 1um : liposomes
\/\/\/\/\/\/\n'o - > 1um : giant vesicles
o
Phospholipids
Fig. 1. A) Self-assembly of amphiphilic molecules in water into bilayers and vesicles.
B) Example of bilayer forming amphiphiles: phospholipids
Building on experience of energy transfer within such membranes [5], this process is
fine tuned to enable long range energy transfer within the membrane. The specific
energy transfer mechanism is called AFRETO
veryoffenused in biological and biochemical c

nanometer to sub nanometer scale in biological material such as proteins using
luminescence and luminescence quenching via FRET (Nobelprize 2008) [6]. Specific
chromophores are chosen based on their luminescence properties, excited state
reactivity with respect to photocatalysis and their ability to co-assemble with the
phospholipid bilayer.

An example of a luminescent chromophore is shown in Figure 2: A luminescent metal
complex with hydrophobic alkyl tails is perfectly suited to integrate into phospholipid
membrane vesicles. In combination with other chromophores, absorbing different colors
of the visible spectrum, light harvesting via energy transfer is enabled, which can be
monitored and used for luminescence spectroscopy and photochemical reactivity (see
Figure 2).

(

(

on



102  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

Chromophores in vesicles Energy transfer in vesicle membranes Fi g. 2. Left:

membranes Chromophore in vesicle

. (>N membrane including
oY :j .

WVV\%F{{:; absorption and

ey @*‘j luminescence spectrum.

Right: Scheme  of
targeted vesicles with

N ' chromophores absorbing
Y b m different c_olors of light
Foy transfer and funneling the energy

N e /'-;.L"\, to the inner vesicle

compartment for
photochemical oxidation
of substrate to product.

Abscrbance

Luminescence
or sustrate conversion

~

0 = =19

250 300 350 400 450 500 550 E00 €50 700 750 B0 B0
Visalength / nm

Photochemical reactions heavily depend on the reaction conditions. As for thermal
reactions, parameters such as temperature, concentration, pH-value, etc. influence
reaction rates and selectivites. Beside this, intensity and wavelength of the light reaching
the chemically active species are not only further parameters that govern the
performance of the reaction but the most important [7]. During experimental work, this
influence often results in poor reproducibility of experiments since conventional
experimental setups are prone to slight changes of the overall arrangement. Hence, the
irradiation conditions and consequently the most important reaction parameter, the light
intensity, randomly changes. To minimize this experimental error, rapid prototyping and
additive manufacturing are applied within CatalLight to develop and distribute
experimental setups that prevent changes of the irradiation conditions (see Figure 3).

Fig. 3. A) Experimental setup for screening of photocatalytic systems, B) control unit for
light sources and other devices, C) modular LED cartridge, available with different light
sources

The flexibility that is gained by additive manufacturing allows for an easy adaptation
to particular experimental requirements of the various photocatalytic systems that are
investigated within the TRR234. Furthermore, manufacturing costs are low and
processing times for individual adaptations short. This allows for the necessary wide
distribution across the different projects and swift response to practical experiences and
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new scientific insides. This concept is well suited for transfer to school education since
it covers aspects of physics, physical chemistry, photocatalysis as well as analytics,
statistics and planning of experiments. It further introduces engineering aspects like
design of reactors and experimental setups on the basis of modern and also popular and
easily available 3D-printing techniques.

4. Reconstruction for School Chemistry Education

For a successful transfer of these contents from CatalLight to schools and the public,
there are three central challenges in particular:

1. Didactic reconstruction: Due to its high specialization, current (fundamental)
research is usually very demanding and difficult for learners to comprehend.
Especially for the understanding of light, there are inaccurate preconceptions or
misconceptions on the part of the learners [3], which have to be addressed.

2. Experiments and analytics: Standard equipment and chemicals in research
cannot be used in schools due to their high costs and/or hazard potential. In
addition, schools and student laboratories typically do not have access to
analytical methods.

3. Instructional approaches and in-service training: Many teachers are
motivated to teach new subject areas in their classes, but often perceive multiple
barriers to teaching new subject areas in their classes. These include, in
particular, lack of subject knowledge, lack of teaching materials, and lack of
teaching time.

This results in three fields of action in which the above-mentioned challenges are to
be addressed, new impulses for chemistry teaching are to be developed and the
dialogue with the public is to be promoted.

Field of action 1: didactic reconstruction

For the research process, the model of didactic transfer research [8] is used as a
foundation, which opens a structuring framework for the scientific development of the
contents. Figure 4 visualizes the three sections, which include (1) the didactic
reconstruction of the contents in cooperation with scientists, (2) the development of
teaching materials in a cyclical process of conception, testing, evaluation, and
optimisation and (3) the final dissemination of the tested materials into science and
teaching practice. An example of a practical implementation of the model can be found
at [9].

Didactic and education expertise

Development of model experiments,
teaching concepts and materials

School chemistry education

School laboratories

Teacher training

Chemistry didactics / laboratories
. i & i Teacher in-service training
Chemistry Partner
o\, schools 7/ Journals
Scientific expertise on current research 'Of,% R @:9 Open educational resources
Expert advice on subject-specific Bgp—— oy : :
concepts for teaching ion e Science outreach projects

Fig. 4. Model of didactic transfer research [8]

Field of action 2: digital low-cost analytics
One challenge for the development of meaningful model experiments is the lack of
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possibilities for measurement data acquisition in the classroom. However, this
represents a central aspect of scientific-experimental investigations, which is rarely
reflected in teaching for a multitude of reasons. Schools often lack the funds to purchase
and maintain the measuring instruments. In addition, many existing devices are not
designed for use in the classroom.

This challenge is met by using the digital low-cost measuring station LabPi with the
aim of opening up new experimental possibilities for STEM teaching [10]. Instead of
individual solutions for each unit, LabPi represents an open platform on which up to five
measuring variables can be recorded simultaneously. This is achieved by combining
single-board computers (Raspberry Pi) with powerful (miniature) sensors, which are
widely available and sometimes cost only single-digit euros. With an adapter board and
the corresponding software, measurements of pH, temperature, conductivity as well as
photometric investigations are currently possible, providing basic analytics for chemistry
teaching.

Dadae§ o

Plug &
Play

1)
)

0 0Q d%% S USB LabPi

1

Software

Sensors Adapter board Raspberry Pi Touch-Display
Fig. 5. Components and schematic representation of the LabPi build

Field of action 3: dissemination and outreach

The developed and tested teaching materials (see Figure 4) will be made accessible
to students, particularly via regular teaching in upper secondary schools; by integrating
them into formal education, learners can benefit from the offerings both regionally and
nationally. In addition, we will also develop materials and courses for student
laboratories, so that interested learners can get to know this offer on their own initiative.

To enable or facilitate the teaching of the subject area to motivated teachers (as
multipliers), we provide the developed materials (experiments, worksheets and sample
solutions) as Open Educational Resources. At the same time, a teaching sequence is
created on this basis, which can be used in regular lessons with the associated
handouts. Thus, teachers are relieved in the preparation of lessons, but retain the
flexibility to adapt the unit depending on the learning group, time and interests.

5. Conclusion and outlook

The subject area of photochemistry offers excellent learning opportunities for
consideration in chemistry classes. In addition to numerous everyday connections,
challenges facing society as a whole can also be discussed and evaluated in a context-
oriented manner. The research work in the transregional collaborative research center
Catalight offers an ideal environment for this and will be didactically reconstructed for
schools and student laboratories in the coming years.
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Abstract

In the framework of conceptual change theories in the learning sciences, identification
of pre- or misconceptions and their replacement by scientifically validated conceptions
is a central aspect of any teaching. Recent neuroscientific explorations brought new
dimensions to the problem by showing the importance of inhibitory processes. Physical
chemistry at the undergraduate level is known for being a difficult topic, due to its abstract
character and the need to combine physical insight with a mathematical toolkit. Entropy
and the second law of thermodynamics is a central topic in the physical chemistry
curriculum, upon which most STEM students step during their first year at university.
Specific difficulties linked with these concepts include the existence of two possible
approaches, a macroscopic and a molecular one, whose interconnections are seldom
made explicit. In this study, we present and discuss results of misconception
identification for first-year bachelor students in chemistry, pharmacy and geology in a
French-speaking Belgian university, using a pre- and post-test about entropy and the
second law, before and after a one-semester course using the most common
macroscopic teaching method. The questions of this test have been developed based
on a detailed analysis of the approaches of standard physical chemistry textbooks. In
addition, the investigation of remaining misconceptions of more advanced students (2™
and 3 bachelor year, 1st and 2" master year, not presented here) completed the study.
Some of the identified misconceptions are comparable to those already published in the
literature, and new ones are detected. Some misconceptions are rather of ontological
nature whereas other ones result from inappropriate interpretation of analogies. As far
as 1%t year bachelor students are concerned, the results indicate that most erroneous
conceptions remained after the one-semester course and that some were even
aggravated. The obtained results will be a guide to develop new teaching approaches,
involving a better link between experimental situations and the conceptual framework
and including discovery learning as well as numerical simulations.

Keywords: Conceptual change, misconceptions, entropy, second law of thermodynamics
1. Introduction

The existence of student misconceptions is recognized as one of the key elements
to be considered in any didactic approach [1]. Concepts and approaches in physical
chemistry frequently exhibit a high degree of abstraction, which is partly related to the
associated mathematical formalism. This is the source of many of the didactic hurdles
typical of abstract subjects [2]. Among the major themes of physical chemistry, our
research focuses on one of the fundamental aspects of thermodynamics: entropy and
the second law. This topic presents, among others, two didactic characteristics worth of
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interest: (i) physically speaking, entropy emerges from events at the atomic and
molecular level, what we call the microscopic scale, but, historically, it has first been
addressed at the macroscopic scale, which leads to two distinct teaching approaches;
this is a source of cognitive conflicts that tend to remain even after an introductory
course; (ii) it is a cross-cutting subject, addressed in physics, chemistry, biology,
engineering and information science, with each branch having its specificities and
complementarities [3].

Johnst on e §pis akeyitosanatyding the problem posed by the appropriation
of the concept of entropy. The interconnection of three points of view i macroscopic,
microscopic and representational i generates cognitive obstacles specific to chemistry.

The present work also fits into the theoretical framework of conceptual change, for
which several currents or sensibilities exist, represented among others by Vosniadou [5]
or diSessa [6]. These theories conceptualize how students evolve from alternative,
naive, false or incomplete conceptions to scientifically founded ones.

The work presented here is the first step in the development of new methods for
teaching entropy and the second law, at the undergraduate level, supported by research
in didactics. The first step is to identify the misconceptions of a population of students in
their 1%t year of chemistry, geology and pharmacy in a French-speaking Belgian
university (University of Liége) at the end of a basic general chemistry course (autumn
semester) and to analyze the impact on these misconceptions of a more in-depth one-
semester course (spring semester) using the conventional macroscopic approach. The
pre- and post-tests invite students to develop reasonings that question the metaphor of
disorder [7].

2. Method

A guestionnaire was submitted to N=181 students in the following sections, following
common courses: Chemistry, N=27; Geology, N=12; Pharmacy, N=142. Five closed-
ended questions aimed at probing expected misconceptions, in light of the literature and
the analysis of recognized textbooks. Five semi-open-ended questions (multiple choice
and request for justification) seek to elicit cognitive conflict by confronting students with
paradoxes related to alternative misconceptions. The questionnaires were validated by
20 experts. The pre-test was organized face-to-face, while the post-test was offered
online and without obligation, resulting in a significantly lower answer rate (N=49). The
comparison of the two tests was limited to the common respondent population. A system
of identifiers makes it possible to monitor the individual progress of the participants.

3. Results and Discussion

We shall focus here on one question of each above-mentioned category to illustrate
two aspects of identified preconceptions: ontology and analogy.

3.1 Closed question analysis: example of entropy definition
Figure 1 presents the results of the first question, which attempts to identify the
concepts that students consider as ontologically related to entropy.
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According to you, entropy is...
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Fig. 1. Percentage of choices for the different statements related to the definition of
entropy. Pretest data (N=181). Multiple answers are possible. Green: correct choices.
Orange: incorrect choices

The assimilation of the concepts of energy and entropy is a misconception that is
significantly present (48%), even though the two concepts are distinct: energy is the
capacity of a system to perform work, whereas entropy represents the degree of energy
dispersion over the accessible states. Energy is conserved, unlike entropy, which
increases during a spontaneous process. While more than 80% of the students
recognize entropy as a thermodynamic quantity, only half of them perceive it as a
property of a system (52%) or as a state function (49%). This may be related to the fact
thatthe macroscopic approach focuses on the en
equation, therefore obscuring the fact that entropy is a property of a system. The notion
of state function remains very formal and is only touched upon in a basic course.

Figure 2 compares the pre-test and post-test results for the items we have just
discussed. The other statements have similar answer rates for the pre- and post-test.

We recall that the respondent population is significantly lower for the posttest (N=49
out of N=181 on the pre-test). It can be assumed that the posttest results come from the
most motivated students.
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According to you, entropy is ...
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Fig. 2. Percentage of choices of statements related to the definition of entropy. Data
obtained before and after the spring semester course. N=49 common participants to both
tests. Dark colours: pre-test; light colours: post-test

Figure 2 highlights the following aspects.

- The misconception fentropy is energyois receding but remains present for more
than one third of the students.

- The correct statement fentropy is a state functionoprogresses significantly. This
seems to be consistent with the macroscopic approach, which emphasizes
fentropy as a function of stateofor use in classical thermodynamic procedures
to calculate entropy variations. However, the concept of state function seems
only partially understood, since only 43% of the students recognize the link with
the item fproperty of a systema

3.2 Open Question: Example of overcooling
The following open-ended question is adapted from Sozbilir and Bennett [7] and
simplified to remove some ambiguities.

Water, when it is very pure, can be kept in a supercooled state down to -10°C at
atmospheric pressure, which means it& still liquid when it should be solid. When an ice
crystal is added to this sample of water, crystallization starts immediately. This phase
change is exothermic.

To study this process in detail, a known quantity of water is placed in a supercooled
state, in a Styrofoam box (thermal insulation): there is therefore no possible heat
exchange with the environment. Then, a small ice crystal is added through a hole in the
cap, which is immediately closed, triggering spontaneous crystallization. The mass of
the added crystal is small enough for its contribution to entropy to be neglected. How
does the entropy of the system change after the ice crystal is added?

It increases.

It decreases.

It remains constant.

None of the above three answers is correct.

Fig. 3. Open-ended question about supercooling
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This question addresses the misconception fthe variation in entropy is determined by
the visually observable change in spatial disordera Although the order increases during
the transition from a liquid to a solid at constant temperature, the entropy must
nevertheless increase here: it is indeed a spontaneous evolution in an isolated system.

The process is indeed accompanied by a temperature increase. 58% of the students
seem to follow the misconception and consider that entropy will decrease. In addition,
the post-test shows that the distribution does not change after the spring semester
course, showing the resistance of this alternative design to change.

In Figure 5, we can observe the distribution of the student justification categories.

More than 20% of the students who provide the correct answer do not justify it
correctly or not completely. For example, some students state that the addition of a
crystal increases the entropy of the system, in contradiction with the provided information

(Fig. 3).
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Fig. 3. Percentages of occurrences of typical justifications for the question on
undercooling. Pretest: N=181. Some answers provide several different justifications

4. Conclusion

Entropy and the second law of thermodynamics, because of the involved degree of
physical and mathematical abstraction, the difficulty to make a link between the
macroscopic and the microscopic scale, and the cognitive conflicts they generate,
represent a didactic challenge. In this paper, we show that first-year students present
many misconceptions of the concept of entropy and its use through the second law, and
that a traditional thermodynamics course does not necessarily correct or even aggravate
them. Some misconceptions are ontological in nature, such as the assimilation of energy
and entropy, others seem to be related to a superficial understanding, and thus misuse,
of a metaphor (fentropy = disorderd already introduced at the birth of Boltzmann&
statistical thermodynamics.

These results, supplemented by ongoing analyses of other first-year student
populations, will constitute a basis for the development of didactic approaches aimed at
enabling students to make appropriate connections between various experimental
situations and the conceptual framework, either through investigative learning or the
development of humerical simulations.
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LTransitions in University Lab Teaching
in an Age of Pandemic
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Abstract

No sooner had | completed a full review and revision of my first-year Chemistry lab
course at the University of Sheffield, with a focus on more intelligently managing the
transition from A-level and other university-precursor studies, than the global coronavirus
pandemic hit. Suddenly, like thousands more academics across the world, | was thrust
into a new reality full of new challenges. Choices had to be made rapidly, about what
could move online and what was essential to teach in person with appropriate risk
management. As | was already conducting pedagogic research into how my new course
had been received, though time was short, | chose to continue surveys and discussions
with my new year group of students as we faced these challenges together. The result:
the safe and successful delivery of eight full lab days of face-to-face practical teaching
with each student in their first semester, informed by regular student feedback and
discussion. Here, | will share my experiences with what worked and what did not, as well
as some preliminary findings from my ongoing pedagogic research with the students.

Keywords: pandemic, chemistry, practical, lab, challenge, teaching

1. Introduction

féthe most wuseful d e s i g n aDigitabNatives. Guastudents o u n d
todayar e al | inative speakersd of the digital
the internet. 0

- Marc Prensky, 2001 [1]

fi | coul d use mdraes shglnpmewittlih ét Hibsve never r

beforeo
- A current first-year UK home student from an average economic background,
born in 2002 [2]

This implied disconnect between what we t

like according to generational stereotype, and the reality, is nothing new T but it has
serious implications for how we teach. | begin this paper with the high-profile example of
the debat e ov e [3]agdtlivegingtdigithl disteade iearreng léas grown even
more important since the outbreak of the COVID-19 pandemic. [4] However, there are
many other examples, some less universal but no less fundamental for an individual
student experience, of how lack of teacher understanding of the student experience can
undermine student confidence in the educational process. Such confidence is vital to
retain student engagement. A simple example of this is that many disciplines will require
repetitive practice at basic techniques to demonstrate mastery before the end goal is in

hi
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sight[5]Tand a student must have confidence
goal exists, and is worth his or her time and effort at work that might otherwise be
perceived as tedious.

| was inspired to conduct this research by an example of such a disconnect in my
own student life, back in 2003. | was a member of only the second cohort to complete A-
l evel s ( Engl anudivesity gualificatim) gfterparsignificant reform by the

n

UKds (then) Department for E d u was tstudgimg ataan d

storied institution under some of the finest minds in science, it was clear that the course
design had not taken these recent changes to A-levels into account, or perhaps sought
to be inclusive of different educational backgrounds by not assuming knowledge they
included by default. This became clear in the important chemistry field of Nuclear
Magnetic Resonance (NMR) spectroscopy, in which the course was designed under the
assumption new students lacked familiarity with it; the first year only covered carbon
NMR, with the more complex and useful proton NMR relegated to second year. In fact,
my Chemistry A-level qualification had already covered the latter to a significant depth.

This had two negative consequences; firstly, it implicitly dented my confidence in my
lecturers as said above, and secondly it gave me a sense of complacency and false
confidence in my own existing knowledge in general.

2. Redesigning my Lab Course

Mindful of this life experience, when the A-level syllabus changed again in the late
2010s, | was keen to avoid giving my own students a similar experience of disconnect. |
worked closely with the AQA A-level exam board through their Higher Education
Stakeholders programme to ensure | had a good theoretical understanding of the

changes to the Chemistry A-level.[ 6] The pri mary change was

endors e ment &8 whi c h, simplifying for space
pupils a minimum of 12 practical experiments as part of the curriculum, with an inspection
regime to enforce this. While there remains a disparity between different schools beyond
the 12, this change creates a minimum baseline of practical experience.

As | had just taken r espons i JDfirst-year Ghenfistry
lab course, it was clear to me that the course needed to change to take this into account.

There was no time to do so for the first cohort of students to have taken the new A-
levels, but (via the Student Observation of Teaching scheme operated by Tim Herrick)
[7] | was therefore able to gain new student responses to the existing course to inform
my reforms. | also consulted with my postgraduate lab teachers for their experiences
teaching the students. Some findings were predictable i the students displayed more
confidence in working with basic equipment and there were fewer elementary questions,
all owing a changkrasedt tmrels@h adgd caper oach
guidance for a better pedagogic experience. Other findings were less predictable 7 for
all eged 6digital nativesd the st udaity with
spreadsheet work compared to previous cohorts, perhaps reflecting a shift in emphasis.

The students also supported my proposal to divide practical techniques into a generic
skills manual separate from the introductory protocols for individual experiments i
making it easier for them to look back on the former the next time they used that
technique. The emphasis on different techniques also shifted; a consequence of the new
A-levels was that 100% of home UK students had all already performed a
recrystallisation before, for example, allowing me to add in extra techniques previously
relegated to second year. (It was, however, always important to remember those
students from non-A-level backgrounds who might need additional support).

t
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In the 2019-20 academic year | rolled out my new course and conducted surveys of
the new cohort of students (the second to have completed the new A-levels). It was my
intention to have the survey findings discussed by student focus groups after the course
was over. However, the pandemic then intervened.

3. Response to the COVID-19 pandemic

The pandemic hit almost at the end of my 2019-20 lab programme; students therefore
did not miss out on much remaining course material (which, like colleagues around the
world, | taught online in an initially ad hoc manner). However, it did mean that my planned
focus groups sadly did not happen, leaving me only with the initial survey data. My focus
was then on preparing to teach in the 2020-21 academic year. Following committee
discussions about online lab alternatives, it was concluded that a majority of the learning
outcomes could not be completed except with face-to-face lab teaching, albeit supported
by interactive simulations (the setup of which was driven by student feedback).

Under normal circumstances, a student year group is divided into cohorts of perhaps
40 students, a pair sharing a fume cupboard, and is taught by a single academic and
two or three postgraduate lab teachers supported by a technician. This was clearly non-
viable under pandemic conditions. However, the size of our teaching lab and spacing of
fume cupboards meant that single fume cupboard occupancy was safely possible with
2m social distancing (as deduced thanks to work by the technical staff). A risk
assessment and Standard Operating Procedure was drawn up by myself and my Head
of Department. By dividing the year group into more, smaller groups (18 students) with
each having 4 days a week in the lab, it became possible to deliver the lab course with
relatively minimal changes. Each student had a set of equipment, a single rotary
evaporator and a single computer assigned to their sole use, etc., meaning there was no
need for cleaning procedures mid-week. Viral matter was therefore allowed to decay
over the weekend before the next class group would come in for their four days,
supported by additional c| eaaddbrarcge shbe fagprpe

The remarkable result of these changes was that (at time of writing), half our lab
course (48 contact hours) has been successfully delivered to the students with only
minor alterations to procedure, and there have been no cases of COVID-19 transmission
in the lab. Indeed, the more significant issue from my perspective was of post-lab written
assessment, which | naturally shifted online to avoid contamination issues. Once again,

oaarcc

for o6digital nativesd ther et sw@asai Isiutbys ttammts a

PDFs, use Google Forms and so on! In consequence of this | created resources to talk
students through the submission steps required. A key concern with online teaching is
students losing a sense of community and the experience feeling impersonal. [8] | and
my postgraduate lab teachers noted how much our students seemed to benefit just from
the (distanced!) human contact of in-lab teaching. Reflecting this, | took the decision to
write personalised feedback emails for each weekly student lab report, a significant time

i nvest ment but one which was appreciated by
consttucti ve feedback has[Qhel ped me so much. 0

4. Continuing research and preliminary findings

Despite time constraints, this was an obvious opportunity to continue my existing
pedagogic research i at time of writing | am carrying out the same surveys of this group,
exploring online solutions for focus groups. As these are presently incomplete, | hear
present selected findings from the survey of the 2019-20 pre-pandemic group. [10]
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Modern students are sometimes described as "digital natives',
i.e. they grew up with computers and the internet and are
accustomed to using them from a young age. Would you
consider yourself a ‘digital native' by this definition?

80.0

70.0

60.0

500

40,0

30.0

200

10,0

oo NN :
Disagree/ Neutral Agree /
Disagree Agree
strongly strongly

Fig. 1. Are you a digital native?

In Figure 1, we see that most (though not all) students do agree they qualify for the
definition of o6digital nati ved ¢ idetadsmof hove r e .
some teachers may translate this description to reality may vary from the student
experience.

I was confident using (X) before | began my
course

I Microsoft Word

I Microsoft Excel

B Microsoft Powerpoint

Disagree/ Neutral Agree /
Disagree Agree
strongly strongly

Fig. 2. Familiarity with different Microsoft Office programs

Figure 2 illustrates that the anecdotally noted lack of student familiarity with,
specifically, spreadsheet programs is supported by survey data. Some students,
consulted more directly, report never using spreadsheets in A-level Chemistry at all (I
hope to back this up with more rigorous focus group data in future). | have fed this back
to my contacts on the A-level exam boards and it was a surprise to their representatives,
who felt use of spreadsheet software was implicitly required by the Chemistry syllabus.

This indicates the importance of managing the A-level to university transition as a
two-way process, avoiding the perceived disconnects in the student experience |
discussed at the beginning of this paper.
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| feel the lab course's design takes into account my previous
experience and knowledge from A-level or equivalent

.
o .
0.0 I

Disagree/ Neutral Agree /
Disagree Agree
strongly strongly

Fig. 3. Does the course design take previous experience and knowledge into account?

I conclude with the results of a survey question explicitly asking the students about
how the course manages this transition (Figure 3). Given the students were not afraid to
give more critical responses to other specific questions in the anonymised survey, | feel
this 70% approval justifies the course | took in prioritising the management of the impact
of reforms to the A-levels on lab teaching. However, there is more work to be done in
further understanding the student experience.

4. Conclusion

The student experience cannot be reduced to stereotypes. Close consultation with
and survey of the student population not only informed my reforms to manage the
transition from the altered A-level course; it was also a vital tool in building a Covid-safe
lab course. This illustrates the importance of pedagogic research-led teaching in the
modern university.
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Abstract

The Coll aborative Research Centre (CRC) 10
Conversiono at the University of G°ttingen
future by providing guidelines for technical innovations which allow a clean, efficient, and
sustainable generation and storage of electric energy. Since a large proportion of e.g.,

wind energy is converted into heat by friction occurring in bearings of wind turbines, the

CRC project A01 tries to disentangle the process of converting kinetic energy into heat

in a sliding contact. It has already contributed to a better understanding and thus to the

discovery of control tactics of dry friction at the atomic scale. Nevertheless, the
fundamental causes of friction are still not fully understood, even though it is all around

us. At the macroscopic scale, friction is often described by simple empirical laws, but

those cannot be applied at the atomic scale. The CRC enables high school students to

discover this scale dependency themselves experimentally dur i ng t heOnfiHan c
Energy Science Workshopodo presented here. Th
friction phenomena. Afterwards, the students apply normal forces Fn and measure the
corresponding friction forces Fr between two materials at the macroscopic scale. By

using the Atomic Force Microscope of the CRC, students can then perform an analog
experiment at the nanoscale, but the plot of the nanoscale friction forces vs. the
nanoscale normal forces shows that the simple law Fr = pAy taught in school does not

fit. This creates a cognitive conflict. When comparing this plot with the one of the forces

they measured at the macroscopic scale they recognize that they do not have to change

their pre-conceptions of friction, but that they need to extend it: Size must be considered.

They finally understand why CRCs energy conversion studies at the atomic scale are

required, in particular because components of technical innovations become smaller and

smaller.

Keywords: friction, energy science, fundamental research
1. Introduction

Europe targets a cleaner and more sustainable energy future [1]. Therefore,
physicists and chemists in the Collaborative Research Center (CRC) 1073 work together
on tactics to control elementary steps of energy conversion at the atomic scale. In this
way, the CRC researchers contribute to appropriate answers to central questions of our
future energy supply: How can energy losses be reduced? (Researcher group A) How
can the enormous power of the sun be efficiently converted into electric power?
(Researcher group B) Since power is also needed when the sun is not shining: How can
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power be stored? (Researcher group C)

Researchers in project AO1 aim to control friction losses in order to increase the
efficiency of energy conversion processes, by relating the frictional losses measured at
the surface to the physical properties of the underlying material. Friction is an everyday
phenomenon, since it occurs always when two materials slide against each other, e.g.,
during walking between our shoes and the floor or in motors. A closer look at the contact
area between the materials reveals very rough surfaces at the nano scale. It
consequently consists of many nanoscale contacts. Moreover, components of technical
innovations become smaller and smaller. That is why, the project AOl investigates
friction at the nano down to the atomic scale by using an Atomic Force Microscope
(AFM). Here, we present a workshop on friction addressing school students which
reveals that the simple laws used to describe friction at the macroscopic scale cannot be
applied at the nanometer scale. It shows the great value of research at small scales.

Therefore, the main educational goals of the workshop are to pass an appreciation
and understanding of research on to school students and to arouse their interest in
energy science.

The friction workshop developed within the scope of a Bachelor project is one of a
few workshops the CRC offers to school students [2]. Further public outreach activities
[3] aim to encourage everybody to contribute to a sustainable energy future by an active
participation in discussions about the future energy supply and by using energy
consciously.

2. Workshop concept

The one-day workshop targets high school students, because the used measuring
methods of the AFM require advanced cognitive capabilities. The first unit of the
workshop deals with friction at the macroscopic scale and the second with friction on the
nanometer scale. An additional unit about using friction losses to generate electric
energy [4] is optional. As an introduction into the topic, simple questions are raised: Do
you know friction from your everyday life? Why is it important for energy conversion
processes? Since the students do not know us and the Géttingen University Campus,
the questions act as ice breakers and activate the students, but they also evaluate their
pre-knowledge about friction which gives us the opportunity to adapt the first unit to it.

In the first unit, school students apply the simple law which describes the proportional
correlation between the friction force and the normal force. Based on their everyday life
knowledge about friction they acquire the law experimentally using the inductive
approach. Thus, students construct their knowledge according to the constructivist
learning theory. If the students know the law already, the deductive approach is used
instead. In this case, the only intention of the first unit is to ensure that every participant
has the basic knowledge about friction needed to understand the main message of the
workshop.

First, students are divided in groups of two to four students and each group is asked
to develop an appropriate experiment to measure friction and its dependencies based
on their everyday life experiences with friction. If they e.g., want to stop their bicycles
faster than usually, they increase the friction force by applying a stronger normal force
on the brake blocks. According to that, they usually have the idea to test in their
experiments how the friction force depends on the normal force. They might also
investigate, if friction depends on the size or roughness of the surface area or the
material itself. The experiment students usually develop will be described in the following
section 3.1. One group which plotted their measured friction forces Fr against the
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different applied normal forces Fy and which thereby figured the law Fr = QAU (L
friction coefficient), presents its results to the other groups.

In the second unit, the school students gain insights into the research topic and
methods of the CRC project AO1. We show them an animation film, in which the surfaces
of the bearings of a wind turbine are slowly magnified until one can see that the contact
area is in fact composed of many nanoscale contacts. This gives a first idea why the
project AO1 investigates friction at the nanoscale. Students might wonder: How can
friction be measured at a scale we cannot see with our eyes or with the light microscope
in school? Researchers use an AFM. In the workshop, students learn how the AFM
friction measurements work by performing a model experiment described in section 3.2.

Afterwards, they mount the sample & the cantilever which are only a few millimeters
in size and measure the sample topography & friction under supervision (s. Fig. 1 and
section 3.3). Then, they use the AFM friction data to plot the friction forces vs. the normal
forces again. Comparing this plot with the plot from the macroscopic measurements of
the first unit creates a cognitive conflict, because the fit line does not meet the zero-point.

This means that the observations on the macroscopic scale cannot simply be
transferred to the nano scale. Instead, the experimental results at the nano scale reveal
the following equation: Fr = QA Fa. Fa is caused by adhesion forces. Adhesion forces
can be neglected at the macroscopic scale, but they cannot at the nano scale.

Slow scanning direction [um]
[wu] ybieH

TN
R

0 05 " )
Fast scanning direction [um]
Fig. 1. School students at the AFM (left)
and AFM image of polymer composite PS-b-PMMA (right)

3. Hands-On Experiments

In the workshop, friction is measured at the macroscopic scale and at the nano scale
using an AFM. To help students understand how the AFM measurements work, they
perform them with an AFM model first.

Students work with the exact same AFM instrument & the measuring mode the CRC
researchers in the project AO1 use. Additionally, they have the chance to ask the PhD
student of this project questions to his project and the work as a researcher.

The main learning objective of the experiments is that the school students work like
an experimental scientist measuring and comparing friction at different scales to
understand how size affects friction.

3.1 Measuring friction at the macroscopic scale
Two materials lay on top of each other (e.g., a box made of an arbitrary material on
a table surface) and a force gauge is fixed to the upper material. By moving the force
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gauge parallel to the contact area, the upper material is slid against the other material.

Thereby, the friction force Fr is measured with the force gauge. This process is
repeated with different weights laying on top of the upper material. Finally, the friction
force is plotted against the normal force.

3.2 Measuring friction with an AFM model

Height measurements: The topography of a material surface (sample) containing
e.g., a few bumps are measured with an AFM model. The model consists of the basic
AFM components (s. Fig. 2): A cantilever connected with a tip reflects laser light onto a
screen. To measure the material surface in the contact mode, the cantilever tip needs to
touch the surface. Then, the material is moved parallel to the length of the cantilever.

Depending on the local sample height, the cantilever is bent and the laser point on
the screen moves up and down (vertical movement).

Friction measurements: To measure friction, the cantilever pressed onto the sample
with a constant force Fy is moved perpendicular to the cantilever length. The Friction
between the cantilever tip and the underlying sample leads to a torsion of the cantilever
visible on the screen by the horizontal movement of the laser point.

3.3 Measuring friction at the nano scale using an AFM

An AFM height profile/topography of a sample is measured in the same manner as
in the model experiment (s. section 3.2). To obtain the heights of an area, the cantilever
tip, scans the area line by line.

The friction measurement in the AFM is analogous to the macroscopic experiment in
section 3.1: The cantilever tip slides against the sample surface. The friction force is
measured by the torsion of the cantilever as it is done in the model experiment (s. section
3.2). After every scanned line, the normal force is increased. After the AFM experiment,
the measured friction force is plotted against the applied normal force.

PSD

Topography

Q4

Lateral Force

Control Loop

Cantilever

Sample

lﬁuut’ﬂﬁ

Fig. 2. Schematic picture illustrating the basic operation principle of an AFM [5]
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4. Summary

We presented a workshop in which students work like researcher in the CRC project
AO01. They use the same equipment and reproduce the experimental approach by which
researchers understood that size affects friction and material behavior/properties in
general. These findings are especially important for technical innovations whose
components become smaller and smaller.
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Abstract

During more than 20 years of my professional carrier as teacher and pedagogical

advisor, it has become clear to me that classes should be made more colourful, attractive

and interactive, independently of the teaching level (higher education or lower
educational level [1]), and ofthetype of t he subjects. Analysing
in detail s, I also concluded that student sé
should be enhanced. Students need more fun, more attractive and interactive activities,

where they can be involved and take part with pleasure. Members of this generation

should be prepared to be active learners; they should follow the general path and steps

of inquiry and research: make observations, form hypotheses, do a test or experiment

and make reflections and concl usi ons. I n order to i mpr
competencies, we should let them bring their devices [1] (BYOD), and use them for
educational activities (assessments, hands-on experiments, measurements, simulation,

etc.). During the pandemic period another method had to be introduced:
teleconferencing, performed with MS TEAMS or ZOOM (delivering lectures and talking

about simulated events, explaining a physical phenomenon). The aim of this work is to

share some good examples, resources and methods to enhanc e st udent sd& mot
or present different types of educational methods like cooperation, project method, IBL

or flip classroom [2]. Each example has already been used by me, or will be used shortly

in high school and college BSc level. Some activitesi ncl ude gami ficati
roomo) amdr gracpg i vities, contain studentséo
evaluation tools, like multiple choice questions, interactive exercises with simulation,
theoretical exercises etc. All examples are related to study of the basic laws of Physics

with more fun and enthusiasm. Students should leave high schools, universities and

colleges with an adequate knowledge and with applicable skills in STEM, therefore we

should help them to achieve this.

Keywords: hands-on experiments, BYOD, ICT, multimedia, interactive activities
1. Introduction

In the beginning of lockdown period of COVID-19 many new questions raised up,
which had to be solved immediately. It was a real challenge for both students and
educators.

In this paper some selected, adaptable examples, with different methods applied will
be presented, which were used in Physics tea
and to develop their learning and innovation skills, digital literacy skills, and career and
life skills [3].
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2. Target, participants

The following implementations have been done in the past and will be done again
with my students from high school and college BSc level who are enrolled to compulsory
Physics classes.

3. Teaching methods used

The main teaching theories can be divided into two categories: teacher-centred and
student-centred learning. Every teacher can decide which method is more appropriate
in his/her educational environment, and especially in online courses. During this period,
| used different types of methods.

3.1 Cooperation method

Participants involved in the cooperation method are expected to be engaged in group
work, where the classroom is transformed into an attractive environment. Students
enrolled to the activity usually have very different background knowledge [4].

Unfortunately, during the lockdown period of COVID-19 the method had to be
transformed online. In this sense this activity was kind of a pilot project that tested the
solutions involving aspects of motivation, collaboration, creativity and confidence as well
as self-paced and personalised learning.

| used this method to make students to understand better the physical properties of
the pressure, and its types and laws. Some students were involved in performing the
hands-on experiments, some have prepared some fun quiz questions, and some others
were working out some problem-solving exercises.

Before starting the experimental activity, the students had to make some predictions,
collect the requested materials and set-up the experiment.

1st experiment
This experiment (Fig. 1), required a balloon, two pieces of wood plates and
approximately 30 iron nails with the same size.

N~
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™

Fig. 1. exploring the meaning of pressure

Students had to press down the balloon, applying a force on the wood plate at the
top and observe, what was going on. After the experiment students started their online
conversation for developing and improving their critical-thinking and argumentum skills.

Students finally concluded, that the balloon was not burst because the applied force
was equally distributed on many nails, they also have learned the definition of the
pressure.

F N
p=x [p]SI=1Pa 4?
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2nd experiment
Another group studied the dependence of the pressure of a gas on the temperature.
This experiment required an egg and Erlenmeyer flask or milk bottle preheated by
some boiling water. After that a peeled hardboiled egg was quickly placed on the top of
the Erlenmeyer flask (Fig. 2).
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Fig. 2. Egg in the Bottle, in the Erlenmeyer flask or milk bottle

After ashorttime,t he egg was fAsucked insideo the fI
discussion of the experiment the conclusion was that the preheated air inside the flask
cooled down, and therefore its pressure decreased, and the larger pressure of the
outside air pushed the egg inside the flask. (Additionally, when the flask cools down,
some remnants of the water vapour from the boiling water condenses, which also
contributes to the decrease of the pressure inside the flask).

In addition to discussing the general concept of pressure and the effects of pressure
change, this experiment can also be applied when one is teaching Gay-Lussac laws.

34 experiment

A group of students studied the hydrostatic pressure with the third experiment at
home using only a PET bottle. They had to predict, and observe what happens, when
they made holes at three different heights.

—
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Fig. 3. exploring the dependence of the hydrostatic pressure

With a simple tape they even could measure the largest distance.
After analysing and discussing students concluded that the hydrostatic pressure
depends on the height.

o=F Mm& V/0gOAh OO O
A A A A




127  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

When the atmospheric pressure acts on the surface of the liquid, it should also be
taken into account.

p=p, ¥ ¢oOh

4th experiment

Aim of this experiment was to understand Ber no u | | i 0Orke stedgnisenéeted n .
to have a hair dryer and a ping pong ball.

Observing the movement of the ping pong ball students concluded that the ball
usually was trying to escape from the vertical airflow but was directed back into the
airflow by the higher pressure of the surrounding dormant air.

Fig. 4. exploringBernou | | i 6s principle with hair

A funny experiment was also done at home, which requires only a ping pong ball, and
a funnel from the kitchen. The aim is to blow out the ball from the vertically held funnel.
At first one usually tries to blow out the ball from the bottom of the funnel, but one
should realize that it is not possible. However, when blown sideways over the funnel
(Fi g. 5.), the ball gets fAliftedod and easily

Fig. 5. Ping Pong Funnel Experiment

As a result of the experiments presented, students concluded that the pressure in
liquids (and gases) depends on the flow rate as well as the hydrostatic pressure. They
better understand now the Bernoulli law:

p+%r U #g B oOns

During these exciting and successful activities students learned to make
observations, formed hypotheses, made their fun experiments, discussed the topic and
deduced their conclusions. They were involved in teaching and learning procedure
through the camera, using their own devices, and own tools for experiments.


file:///C:/Users/Csaba/AppData/Local/Temp/plabda/S2020005.AVI

128 C®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

3.2 Project method
In the project method students solve a practical problem over a period of several days
or weeks. This method has many advantages because it can be used even online, and
participating students can carry out activities according to their interests. | have been
using the project method with my students already for a long time. All measurements
have already been published in details in a conference proceeding [5]. The novelty in
this semester lies in the fact that we will do everything online.
The goal of each of the suggested experimental methods is to determine the value of
the gravitational acceleration. Students can choose one of these:
1 recording and analysing the sound of a ball rolling and free falling
1 video recording and analysing the movement of a free-falling ball
1 use the Phyphox free apps designed by Aachen University
For all methods, students have to determine the value of the gravity acceleration (g)
and estimate the uncertainty of their measurement.
I hope that all students will find a task that suits their interests, but will also learn
mastering their own tools, learn about error calculation, and be able to compare the
measured results with the value published in the literature.

3.3 Inquiry-based learning
IBL is based on the constructivist conception of learning, which involves the
followings: developing questions, making observations, find out what information is
already known, outlining possible explanations and creating predictions for future study.
All these expectations are embedded in the activity performed with the students.
During one of my Physics courses my students offered voluntary their participation in
this method. IBL was used for understandi ng t he APl um pudding
proposed by J. J. Thomson in 1904.
A simple experimental tool was constructed
atomic model 06 could be more easily understoo
Thomson supposed that the atom is made of a positively charged bulk (like a
pudding), and it contains electrons scattered (like some raisins inside the pudding).
Although the electrons repel each-other, the positively charged bulk holds the whole
thing together.
The students constructed a model from the following components:
30 cm diameter glass bowl,
10 cork plugs with a diameter of 4 cm,
10 pieces of 3 * 30 mm strong neodymium magnet,
30 m Teflon coated coil of copper wire,
9V battery,
glue gum
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Fig. 6. Use of Inquiry-based learning to study the plum pudding model proposed
by J. J. Thomson

The magnetized needles represent the electron-fir ai si nso, because t
other. The particles swim as far apardti nm®d pc
is provided by the magnetic field of the coil. It should be noted that here we use magnetic
forces, whereas in the Thomson model electrostatic forces are in play! Discussing the
experiment students observed that the particles always were arranged in the most
symmetric way, even after their movement towards the centre of the vessel. The
students informed me about their feelings and their worries. They felt that constructing
this experimental equipment was a huge experience in their life. They will never forget
this material.

4. Conclusion

Students in my Physics courses gave me very positive feedbacks. Based on the
results and on personal interviews | conclude that they became better motivated because
they were required to do an experiment, to start discussing, observing and predicting
about a phenomenon.

I hope that their enthusiasm will not disappear after returning to normal education
system, and they will still be motivated enough to make similar experiments also in the
classroom.

| am confident that these attractive and understandable lectures can better attract our
students to the course and their motivation for measurements can be enhanced by using
their own devices.

1. Figure: exploring the meaning of pressure 125
2. Figure: Egg in the Bottle, in the Erlenmeyer flask or milk bottle 126
3. Figure: exploring the dependence of the hydrostatic pressure 126
4. Figur e: exploring Bernoullids prin27 ple with

5. Figure: Ping Pong Funnel Experiment 127
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Abstract

The purpose of this study is to developthei Car d b o a r d-bagdd Vitual Wetland
Ecology Systemd |l earning software using virt
of the real wetland environment, designing the exploratory missions and challenging

level stages by adding the digital game-based learning concept, to initiate student s 6
interest and motivation. Finally, the effect
and motivation in environmental education was investigated. This system used the

wetland ecology of Hsinchu as the environmental educational teaching theme. The

l earning contents of the wetland ecol ogies a
bird areabo, fiHsi ang Shan wetlandod and AShi:
students with the knowledge of the wetland creatures and importance of the wetland
environment. This study adopted 42 students from 1t grade of county junior high school

in Pingtung County as the research participants. The quasi-experiment design was
employed. They were divided into two groups. A half of students in the experimental

group used this system to conduct learning activities with exploratory missions, and the

other half of students in the control group received regular teaching materials. The

teaching time was 135 minutes covering three lessons. The measuring tools of this study

included: (1) the questionnaire of satisfaction towards this system, (2) the wetland

ecology environmental education learning achievement test, and (3) the questionnaire

of wetland ecology learning motivation.

The experimental results in this study indicated: (1) Using ACa-badddoar d

Virtual Wetl and Ecol ogy Systemo, the | earnet
the overall experience per cep-ibasadVirt(al2\etlantds i n g
Ecology Sy st e mo , t he st ude nensidenlirenmentaliedugatioa wasi e v e n
significantly higher than that of r e-bagddar t e
Virtual Wetl and Ecol ogy Systemo, the studen

education was significantly higher than that of regular teaching.

Keywords: Cardboard VR, wetland ecology, environmental education,
digital game-based learning, learning achievement, learning motivation

1. Introduction

With the development of science and technology, the mobile technology and
wearable devices such as AR (Augmented Reality) and VR (Virtual Reality), and they
have been widely applied in learning activities. The students are not restricted by time
or space when immersed in the VR environment [1]. The VR technology is often referred
to as an immersive multimedia, and the objective is to recreate human sensory
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experiences to create a computer-generated environment that simulate physical
presence in virtual world [2].

This study adopted simple headset mounted VR device, it provides panoramic
images in real world to make students can watch around the environment through
Cardboard VR viewer and smartphone. Therefore, the students are not limited by time,
space, traffic cost, and the problem of the personal safety will not happen either. Oigara
[3] indicated that students considered Google Cardboard VR device as an effective tool
which provided an immersive and active experience for learning, and they agreed that
Cardboard VR could provide a new way of learning helping them to clearly understand
the complicated concepts and increased their interest and concentration. In this study,
we developed the AGarschloaridtVR|I GaMad | and
virtual reality technology, and the related research indicated the students used the VR
learning tools to learn and operate and it could help students to establish their spatial
perception [4].

Furthermore, we introduced the digital game-based learning conception to integrate
wetland ecology learning contents into this system, making students complete effectively
the learning targets and initiate their interest and motivation [5], understanding
knowledge of the wetland beings and importance of wetland environments. Finally, we

Ecol

investigated the effect i veness of the st udenndsmébtivatioamr ni ng

environmental education.

2. Cardboard VR Game-based Virtual Wetland Ecology System

This study adopted the Googlebs Cardboard

inserted into the cardboard viewer. It is a mobile, inexpensive, and convenient device

and the whole system is referred to -hasediCar d

Virtual Wetland Ecology System is a smart phone application. It contains the learning

contents ofthewet | and ecol ogies and creatur egshirdof t h
areado, fAHsiang Shan wetlando and AShin Feng
the application to explore and observe real wetland ecology environment and beings via
the cardboard viewer headset by themself, as shown in Fig. 1.
KT —1 . l 1~w,-1"1 l
Fig. 1. Screen view of the smartphone application

In addition, this system is developed by Unity 3D game engine software, introducing
digital game-based learning conception to design wetland ecology exploratory missions
and challenging level stages, so they can initat e st udents6 | earning

enable them acquire the sense of accomplishment, and it can also enhance their learning
achievement.
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3. Experimental design and results

In order to analyze the effectiveness of the s
motivation and the satisfaction by using the Cardboard VR Game-based Virtual Wetland
Ecology System after the VR learning activity, a teaching experiment was conducted.

3.1 Participants

A total of 42 students from 1" grade of junior high school were used as the research
participants. Among them, 21 students were in the experimental group using the system
to receive teaching with exploring mission worksheet, and the other 21 students were in
the control group receiving regular teaching materials. Both groups were taught by the
same teacher in the teaching activities to avoid the impact of the different instructors on
the experimental results.

3.2 Experimental process

Before teaching activity of the wetland ecology environmental education was started,
both groups were required to complete the pre-test of wetland ecology environmental
education achievement test. The instructor spent 20 minutes explaining the function and
operation of the Cardboard VR Game-based Virtual Wetland Ecology System to the
students in the experimental group. They were guided sequentially via the instructor to
use this system and then explored and learned the wetland ecology by themselves. After
that they were asked to complete the wetland ecology game-based exploratory mission
with the worksheet, as shown in Fig. 2 and Fig. 3.

Fig. 2. Student using the Cardboard VR to explore Hsinchu Wetland ecology

« f
|

=T

Fig. 3. Student completing the wetland ecology exploratory mission worksheet
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On the other hand, the students in the control group had received regular teaching
materials with the PowerPoint learning contents, and they were guided sequentially by
the instructor to learn knowledge of the wetland ecological environment and creatures.

After the 135-minute teaching activity, both groups had taken the post-test and filled
out the questionnaire of learning motivation, and the students in experimental group were
requested to complete the questionnaire of satisfaction toward this system. The
experimental procedure is as shown in Fig. 4.

15 min

Introduce and demostrate
this system

.
Conduct the wetland ecology
VR learning activity

8-

Complete the gquestionnaire of
10 min satisfaction toward this
svstem

10 min

60 min 80 min

40 min

Fig. 4. Experimental procedure of the wetland ecology learning activity

3.3 Measuring tools

The measuring tools of this study include: questionnaire of satisfaction towards this
system, learning achievement test of the wetland ecology environmental education, and
guestionnaire of wetland ecology learning motivation. The questionnaire of satisfaction
for this system was designed by the advised professor, and it contains fifteen items (e.g.,
il can clearly observe the outl i naentanda) f edit wl
into three dimensions, A VR system inteydtaem deaigihnog & &
AVR system operating sensi b-pdint likgrtdscale Tahgeng q u e s |
from 1 (very disagree) to 5 (v arnaue afghise e) ,
guestionnaire was 0.88, implying this questionnaire is reliable.

The questions of wetland ecology environmental education learning achievement test
in both pre- and post-test were designed by three experienced natural science teachers.

Thepur pose of this test was to under mndand t
ecology environment. The test consists of twenty items, adopted from three Hsinchu
wetland ecology contents.

The questionnaire of wetland ecology learning motivation was designed by the
advisor, and it was used t o metiarsabautelearhitge st u
wetl and ecology contents. It consists of th
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wetl and animals and plants, a n gointvlakert scate o
ranging from 1 (very disagree) to 5 (very agree), andthevalueof Cr onbachds

this questionnaire is 0.93, implying this questionnaire is reliable.

3.4 Results

Thi s study used descriptive statistics

dimensions satisfaction toward this system, adopting one-way ANCOVA to analyze the
learning achievement, and applying independent sample t-test to evaluate the learning
motivation.

First, the analysis of the satisfaction toward this system indicates: (1) the mean value
and standard error of the overall satisfaction are 4.27 and 0.96, (2) the mean value and

standard error of the AVR sys#3mandi0.85 (8)thk ac e

€ ¢

C

mean value and standard error tadf stah gisshiBAR t 3 ¢
and 0.93, (4) the mean value and standarderrorof t he AVR system oper a

satisfaction is 4.15 and 1.01. Therefore, the learners showed a high degree satisfaction
by using this system.

Secondly, we performed the homogeneity test before analyzing the learning
achievement of both groups. The homogeneity test result showed that ANCOVA (F=0.70
and p>0.05). Therefore, we can analyze the post-learning achievement scores of the
both group students. As shown in Table 1, the adjusted mean value of the learning
achievement was 88.04 for the experimental group and 73.85 for the control group.

According to the one-way ANCOVA result (F=14.448 and p<0.001), which shows the

studentsd | earning achi evemen fficantlyhhigleex thaammr i me n

control group.

Table 1. The ANCOVA resultofthest udent sé | earning
Group n mean SD Adjusted F g2
mean
Experimental 5, 87.14 1079  88.04 14.448 027
group
Control group 21 74.76 13.46 73.85

*p<.05 *p<.01 **p<.001

Third, the analysis of the wetland ecology learning motivation was performed by
independent sample t-test, the mean value was 53.24 for the experimental group and
43.24 for control group (t=-3.209, p<0.01), as shown in Table 2. Therefore, it indicated

thestudentsé | earning motivation in experi me

control group.

Table 2. The independent sample t-test result of the learning motivation

Group n mean SD t-test p
Experimental 21 53.24 9.85 -3.209 0.003*
group

Control group 21 43.24 10.33

*p<.05 *p<.01 ***p<.001

achi e
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4. Conclusions

From the analysis of the experimental results, it was found that the students using
the Cardboard VR Game-based Virtual Wetland Ecology System could enhance
studdretag®i ng achi evement a mdotivation signiicandy.Ist ud e 1
addition, the students showed high degree of satisfaction toward this system, and they
thought it was a good and effective learning tool to learn the knowledge of wetland
ecology in environmental education.
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Knowledge Levels Improve the Performance in a
Bachelor Degree Course?
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Abstract

Organising students into groups for studying is widespread and being done with an
increasing frequency world-wide. However, there is little knowledge available on how to
organise and run the student study groups in the most efficient manner. To provide
insights and guidelines for the best practices if the study group organisation, the paper
describes a case study conducted with 74 Bachelor students at a university in Austria.
Various effects of the group splitting by the knowledge level are shown, particularly, the

performance successes i n the stawell as(theh e

satisfaction from the study groups, work load assessment, fairness, leadership and other
competences gai ned, study journal usag
organisation of the study groups with the size of 3 students at homogeneous knowledge
levels has been well accepted by the students and led to a higher study performance at
all knowledge levels. Combining the approach with further teaching methods and
performance evaluation approach emphasising both the group as well as the individual
learning gains can bring further improvements.

Keywords: Study groups, study performance, university, bachelor course
1. Introduction

With numerous study materials available online, the trend of students staying away
from the classrooms is on the rise. Attending the classes in person actively can be seen
as the highest level of the study engagement. While still a lot of study success can be
achieved with learning outside of the classroom, successive lowering of the level of
engagement may end up with the students becoming completely disengaged,
disconnected, and eventually unfollowing the study.

One of the features typical for and only possible at with the studies in the class is a
high degree of communication and group work among the students, compared e.g., to
the online study mode where the interaction and group work is weakened, and can take
place only via the means of technology. Group work has been recognized as successful
for engaging the students, and for the facilitation of the study for the students (better
study successes are confirmed e.g., by Liang et al., [1]) as well for facilitation of teaching
for the course leaders. However, the question on how to organize the study groups most
efficiently remains open, and there has been no literature covering exactly this research
guestion. The question is in particular not trivial in the settings where the classes are
composed of the students with varying levels of prior knowledge and study abilities.

Some of the challenges include cases when the students distribute the work among
themselves and learn less individually, or when more advanced students are placed in

e

t e

(t
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a mixed group with weaker students: they are demotivated to such extent that they start
to dis-engage.

2. Case Study

The case study has been made in the lecture and exercise university Bachelor degree
course fABooking and Yield Managemento. The ¢
hours during the semester, and has been held from 13t to 28™ of May 2019 in a blocked
form in Landeck, Austria. The course audience has comprised 74 students, split in 3
groups (27, 24 and 23 students), led by two course instructors: each instructor had an
own group, and one group was taught by both instructors.

For the evaluatignj,oudrinmeasltd (fidrh,e wWheatr ntime st
the course)istobe defined, foll owed by the assess me
latter is to be based on the points accumulation system, with points accumulated during
the whole course i for the group tasks, as well as for individual tasks. As communicated
to the students from the start of the course, they have been able to collect points for:

a) group work (60% of the grade),
b) individual work, including the final test (40% of the grade),

c) extaibonuso points: for placing questions
guestion and vote for three good ones of colleagues i the best question is to be
answered/ discussed) , and for sol ving t

(supposedly isto be managedonl y by fAstrongerd groups) .
3. Aim of the Case Study i Testing of Two New Didactic Strategies

New settings of study groups. The first strategy of the case study evaluates the
effect of working in various study groups. The students are to be doing course exercises
in a group of 3 persons each, with settings requiring both autonomy and structure [2].

The course exercises would, apart from learning, enable demonstration of the
autonomy and leadership development. Further, structured ways to get involved with the
contents of the course and the means to cut off better at the course evaluations have
been provided e.g., possibilities to receive extra points towards the exams grade,
particularly for asking questions about the course online and voting/commenting on
them.

Approach in the case study. A study mix is elaborated to be heterogeneous and
address various student study groups and personality types. The direction here is to split
the students in the subgroups of various expertise levels (for the given 3 study groups of
ca. 25 students each):

1. mix of HAstrongerodo and fAweaker o,

2. the students with the similar level of skills togetheri sot her e are to be
groups and Astrongodo study groups,

3. allowing students to mix themselves, to observe which performance takes place
naturally.

Then it can be observed which of the set-ups are bringing better learning and
engagement results.

At the start of the course, the student prior knowledge is to be tested, with a test
consisting of a mix of course-relevant questions, a mix of self-assessment questions,
and questions about their personality/typical attitudes/levels of engagement. The points
which the students have scored have been calculated, and the split into the study groups
have taken place already on the first day, with the group work starting from the second
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day of the course. An additional strategy to be tested here is making the students self-
accountable for their study progress with the construction and the maintenance of the
il ear ni ng ,domuction af thédiary coataining the details of what the students
have learned in the course.

4. Research Questions, Hypotheses and Evaluation Design

This work investigates various settings of the study group work to conduct teaching
and to increase the study engagement, and eventually identify their added value for the
study in the classroom as well as the extent with which they should be applied.The main
research question to address is as follows: Will the organization of the study groups
according t o t he student s § studentspweith esimélar I
competence levels joined into the same study group versus other ways to form a
study group, lead to better learning outcomes for all students at a Bachelor degree
course?

Further, the following, secondary, research question is to be addressed and
answered: Does construction and maintenance of the learning journal (or a diary,
representing the learned knowledge or skills in the course) by the students lead
to a more positive attitude and better learning outcomes in the course?

The basic hypothesis/assumption here is that there are different types of
learners/personality profiles, and the currently d-sizefiteoaleldo

n

methodsi such as study group work where fistronge

Afweaker o ones, as wel |l as just o rinevitably nop i ¢ a |

matching well or addressing poorly certain learner groups on every course. In the worst-
casescenari o, the Awrongd mix can cause the
to disengage and eventually unfollow the course. While user segmentation and
personalized addressing is very common in such fields as marketing or gaming (e.qg.,
see existing categories for user gamification types [3]), the studies for similar directions
in eLearning/education domain are just appearing (see Gil et al., [4]), and are generally
not applied in practice.
The approach is to be evaluated from the perspectives of the lecturer and of the
students.
Lecturero6s perspdatavecol |l ected in order
perspective is as follows:
a) observation notes about students6engagement in learning activities, such as
study group work and individual work.
b) results from the (final) exams, as assessed by the course instructors. Here,
these are the grades for study group exercises and individual tests.
Student s 6 p e r sTheevadluationeof the case study includes:
a) feedback from the students in which kinds of study groups they were more
productive in learning and found most engagement as self-assessment
b) their actual demonstrated productivity/study success, which can be represented
as t he student sé education progress
assessment).
The studentsd gener al perception of the
estimated with questionnaires already present in the literature: such as Table 1 is
mirrowing the work by Burdett [5].

S
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5. Presentation and Interpretation of Results

The study has been running as planned, and the students have been formed in 22
study groups, on the basis of the individual scores in the initial test (see Appendix A for
the test); all Appendices mentioned in this paper are available via
https://doi.org/10.13140/RG.2.2.17908.68485.

We use the following notation for the study groups: Ai i st rrolhgset udy igroup
flaverageo stidwegkeunps st Cidmixed studyugpsps (hdve 1
Afweakero student, 1 fAaverageo st astudggraups and
created in a natural way, by the students themselves.

Correspondingly, 3 A study groups, 5 B study groups, 2 C study groups, 4 M study
groups and 8 study groups N have been formed.

The study groups A, B, C and M have been formed on the answers of the
guestionnaire, with the students getting between 6 and 9 points on this test classified as
A students, students gaining between 4 and 5,5 points classified as B students, and
students gaining between 1,5 and 3,5 points were classified as C students (see Appendix
A). Further, we present the evaluation in terms of different perspectives (lecturers,
students).

Perspective of the lecturers. One key criterion is an observation of the study
performance (individual and study group work, final individual test, forum questions,
bonus exercises and learning journal). Another criterion to obs er ve i s t he st
performance on the individual final test (see the final test in Appendix D). The study
performance is evaluated with the group and individual study progress, including the final
individual test.

In A study groups 7 out of 9 students, in B study groups 14 out of 17, took the final
test. In study groups C, M and N everyone took the test. It is likely be the case because
compared to the study groups A and B they were less active in other exercises or
assumed that they performed weakly, and thus assumed they still need more points.

The results for this criterion (including the grades, bonus exercise activity and the
average score for the individual test) are shown in Table 1.

The final average grades presented in Table 1 are calculated with the summing of
the final grades received by the students in the all types of the groups (A to N) and
dividing these grades by the number of the students in the corresponding study group
category (n).

For the grading of individual students, the usually applied in Austria grading system
was employed i.e., between 1 and 5, where 1 is the best (excellent), and 5 is the worst
(fail). The scores for the bonus exercise activity participation, as well as for the individual
final tests are also average values, calculated in a similar manner.

The overall evaluation of the work of the students show that homogeneous study
groups (A, B, C) have managed to achieve better academic grades than the
heterogeneous study groups (M and N). On the other hand, in the individual final tests,
the A and B study groups have scored the worst i with 8 and 8,6 points on average out
of 20 points, while the study groups C, M and N scored better: 10,75, 10,54, and 11,75
points on average out of 20 points (the questions and the points awarded for them are
shown in Appendix D). In A and B study groups the performance of the students has
been different: there were fstrongdand fiveakocases, so this is not a monotonous drop
for all.



https://doi.org/10.13140/RG.2.2.17908.68485

141  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

Table 1. Study performance of the students of various study groups

Study group type | Final average | Active in bonus activities, | Average score in the
grade in % individual final test
(when taken)
A (n=9) 1,89 87,5 8,00
B (n=17) 1,94 50,0 8,60
C (n=6) 2,00 66,7 10,75
M (n=13) 2,30 69,2 10,54
N (n=24) 2,30 77,3 11,75
Table 2. Studentsdfeedback on group work in various study groups
Questions A(n=8) |B(n=15) | C(n=6) | M (n=13) | N (n=23)
1. My experiences with formal, assessed | 1 1 0,83 1 1
group work have been positive.
2. | felt comfortable working in my group. | 1 1 1 1 1
3. Overall, my group worked well. 1 1 1 1 1
4. 1did not enjoy working on group
assignments. 0 0,07 0,5 0,15 0,44
5. | often assumed a leadership role. 0,29 0,5 0,2 0,15 0,57
6. Overall, | did most of the work. 0,25 0,07 0,5 0,17 0,26
7. Working in a group required less work
for myself. 0,63 0,48 0,4 0,77 0,83
8. Overall, the grades for our group work
were fair. 1 1 1 1 0,95
9. Problems that arose were solved by
the group. 0,88 0,93 0,33 0,85 1
10. | achieved better outcomes working 0 0,2 0,6 0,23 0,55
alone. 1 1 1 0,92 0,90
11. Marks awarded were generally fair. 1 0,93 1 1 1
12. Peer assessment was generally fair.
13. I learned to negotiate with other group | 1 0,8 1 0,92 0,91
members.
14. | learned to build positive relationships | 1 1 0,83 0,92 0,91
in my group. 1 0,8 0,83 1 0,91
15. I learned to manage tasks effectively. | 1 0,93 0,83 0,85 0,91
16. | learned to share responsibility.
17. | learned to use rational argument to 0,63 0,87 1 0,67 0,82
persuade others. 0,75 0,67 0,83 0,92 0,70
18. | learned to solve complex problems. | 0,63 0,27 0,5 0,73 0,70
19. | learned to resolve conflicts.
20. | ran the study journal largely 0,88 0,5 0,67 0,69 0,78
throughout the course. 5outof |4outof |2outof |4 outof 7 out of
21. The study journal was helpful for my 5 8 3 10 14
learning process. 4 out of | 4outof |2outof |3 outof 9 out of
22. The study journal was helpful for my 4 9 3 8 12
learning outcomes.

So, for the individual learning success, one recommendation may be to collect people
in C study groups. Though they will report a lot of pressure, and wond report that they
enjoy the study group work, they will learn the most. Also, N study group have done well,
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and interestingly 7 they also have been reporting that they had issues with the study
group work, compared to the others. It is possible that the study groups such as A and
B were too good in splitting the work among themselves and avoiding studying the basics
on their own, therefore having worse results on the individual tests.

What in any case is also dissatisfactory for the A students is when they are placed in
a mixed study group with weaker students? Also, here fstrongerdstudents, which have
been placed in an M groups construction, have been reporting dissatisfaction.

Overall, though, the activity on the course of the students have been good, and the
methods have found their followers. As also seen later in Table 2, a fair number of the
students have been following the learning journal, as well there was enough activity on
the course forum.

Perspective of the students. The evaluation of the student sé perspecti v

study group work has been performed by the questionnaire distributed to the students
(see Appendix B). Table 2 presents the scores from this questionnaire, presenting the
average scores received per each question per each of the study groups, where the
answer fAagreeo has counted with 1 point

6. Summary of findings in the light of research questions

The findings of the study can be outlined as follows:

1) The study groups as a method are verified as appropriate. The students are in
favor of the study group work in principle, and are considerably more in favor of it
and are satisfied with it compared to another similar study in the past that has been
measuring the same metrics [5]. This may be caused by the fact that the study
groups in this study were efficient i.e., consisted only of 3 people, in the contrary to
the settings of the other experiment [5], which had between 2 and 10 people per
group.

2) Homogeneous groups function better than heterogeneous groups only
according to some performance criteria. Whether to recommend one or other
type of the study groups, also appears to depend on what the learning and study
group work goals are, as the feedback varies. Homogeneous study groups are better
at achieving the goals (such as getting better grades) than the heterogeneous ones,
however, still not necessarily better at learning individually. The study group work
more enjoyable in stronger, homogeneous study groups. Creating study groups fivith
issueso(e.g., weak study groups, or naturally formed study groups) typically leads to
less enjoyment from a study group work, but better individual learning outcomes.

3) Different students are responsive to different methods. The learning journal
technique have been found useful by a limited number of students only. So, it can
be recommendable for a segment of students, but not for all. Such diversification
could be facilitated by online methods [6].

REFERENCES

[1] Liang, D. W., Morela n d , R. , & Argot e, L. iGroup
group performance: The medi atPersogality and e

Social Psychology Bulletin, 21(4), 1995, pp. 384-393.

vV e
of

[21 Jang, H. , Reeve, J. ,6 st&len3édenarningActivitiés:Itish En g a

not autonomy support or struct ur dourbalt

of Educational Psychology, 102(3), 2010, p. 588.
[3] Tondello, G. F., Wehbe, R. R., Diamond, L., Busch, M., Marczewski, A., & Nacke,

aut



143  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

L. E. AThe gamypes ahkesna dPuseednfiseobthe 2016
Annual Symposium on Computer-Human Interaction in Play, ACM, 2016, pp.
229-243.

4] Gi I, B. , Cantador, ., & Marczewski, A.
playertypesinanE-l ear ni ng e n \Desigo forMeachingand Leanning
in a Networked World. Springer, Cham., 2016, pp. 568-572.

5] Burdett, J. AMaking groups wor kternatibnal ver s |
Education Journal, 4(3), 2003, pp. 177-191.
[6] Vezirov, T. G., Kormakova, V. N., Fensel, A. , & Lapina, M. A

i mpl ementation of the process of digital.i
ARPHA Proceedings, 3, 2020, p. 2731.



144  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

LEffectiveness of LearningAssi stants on St
Active Learning in College STEAM Courses

Shintaro Tajirit, Naruhiko Shiratori?, Yoshikazu Ishibashi3,
Tetsuya Oishi4, Masao Mori4, Masao Murota*
Hokuriku University, (Japan)?

Kaetsu University, (Japan)?

Yokohama College of Commerce, (Japan)?

Tokyo Institute of Technology, (Japan)*

Abstract

In this study we identified the effectiveness of Learning Assistants in enhancing college
studentsé active learning in STEAM and oth
undergraduate student who s ulpamiogintee assigred f ac i |
course through the guidance of a course instructor. More universities in Japan have been
introducing own learning assistant programs, and they had been uniquely developed in

the last twenty years. But the effectiveness of Japanese LA program had not been
researched in detail yet. To analyze that, we conducted a common student survey at

three universities to ask students who took courses with LAs and received more than

860 answers. We found major supports from LAs were giving advice for group
discussions and group activities. And students highly evaluated the existence of LAs in

classes because LAs made themselves easy to ask questions and participating in

activities during class time made easier. They would feel easier to ask questions to LAs

rather than to course instructors. In conclusion, our survey revealed the value of the LA

program in all three university courses with active learning.

Keywords: Learning Assistant, STEAM Education, Active Learning, Student Survey
1. Introduction

The program of learning support by undergraduate student assistants has developed
uniquely in Japan. When Keio University opened a new campus in the suburbs in 1990,
there were only first-year students and Keio were not able to hire graduate students for
TA. The university therefore decided to hire a good undergraduate as an assistant and
named it Student Assistant (SA). SA was a paid job and the role was to support teachers
and students in class. This was a program that embodied Keio founder Yukichi
Fukuzawa'd s c o n changaku harfkyo (learning while teaching, teaching while
learning). Fukuzawa thought that it was important for those who had learned earlier to
teach those just beginning to learn. Keio University had another reason to hire
undergraduate SA students in 1990. The new campus was the first campus in Japan to
fully introduce computers and the Internet, and the number of faculty was not enough to
teach computer operation to more than 1,000 freshmen students. SA at this time was

1 Fukuzawa founded a school for western studies in 1858 in Edo (Tokyo), which became the oldest
institute of modern higher education in Japan, Keio University.
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not specially trained. Only high-performing students were nominated by faculty to
become SAs, and they supported other

In 2000, the Higher Education Bureau of Japanese Ministry of Education published a
report, fAMeasures
from the Standpoint of Studentso. I n thi
students but also senior undergraduate students should be actively given opportunities
to be learning assistants in education. Also, from the 2000s, Japanese universities have
made an effort to qualitatively shift from education that teaches knowledge to education
that focuses on growing competencies. With this shift, Japanese university education
has begun to change. It aimed not only at academic skills but also transferrable generic
skills through active learning such as group work, discussion, and project-based
learning. However traditional college professors who accustomed to one-way lectures
are not good at teaching this type of classes. Therefore, some universities have started
to hire high competent undergraduate students as in-class facilitator, supporter and
assistant. In this paper, undergraduate students who fulfill such roles are referred to as
learning assistants (LA). Especially departments that
to hire LAs.

The learning assistants have brought various benefits to students, faculties,
departments, and themselves. However, there is few studies in Japan yet that measured
these benefits quantitatively. As LA program costs money, university management
demands to show its effectiveness. The purpose of this study is to clarify the educational
effects of supports by undergraduate Las in active learning classes and to compare
STEAM and other courses.

2. Related Researches

Stade organizes the benefits of introducing LA into classes by classifying them into
four groups: faculty, students, LA themselves, and Institution as shown in table 1 [1].

Table 1. Benefits of LA Program at the University of Colorado Boulder
1. Benefits to faculty who use LAs 2. Benefits to students in courses that use LAs

t o URvetsites-Aiming ®tCreateUniversities f e

LAs can help faculty learn and understand about active
learning and other evidence-based teaching "best
practices.”

LAs can help faculty design tasks and activities.

Faculty can use LAs as "virtual students. (Faculty can test
lesson plans and ideas on LAs.)

LA program connects faculty from different departments,
encourages collaboration and sharing of ideas.

LAs facilitate active learning, which has been shown to
improve grades, retention, confidence, etc.

LAs have learned the course material quite recently, so
they are often better able to relate to students' difficulties in
learning.

LAs provide extra help (they have office hours in a "help
lab," they can run review sessions, and so on).

Students in classes with LAs generally do better and learn
more.

3. Benefits to the LAs themselves

4. Benefit s to departments and institutions

The best way to learn a subject is to teach it! LAs have the
opportunity to learn a subject more deeply.

LAs get experience teaching. Some are inspired by the LA
experience to become teachers.

By reflecting on teaching and learning, LAs learn more
about themselves and their own education.

LAs make important connections with faculty.

LAs get course credit for their content and pedagogy
courses.

LAs get paid.

LAs have an impressive experience to put on their
resumes.

An LA Program can transform departmental culture.

By having an LA program, departments are engaging more
actively and thoughtfully in teaching their undergraduates.
Teaching becomes more respected.

Faculty see that some of their best students become LAs,
and this helps faculty recognize the value and intellectual
merit of teaching.

student

at
S r e

don
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The Colorado learning Assistant Program began in 2001 at the University of Colorado
Boulder. Their Learning Assistants are undergraduate students, too. LAs facilitate
discussions among groups of students in various classes thorough the guidance of
weekly preparation sessions with faculty. To become LAs, they need to take pedagogy
course. The program implemented mostly in STEM departments and is focused to
improving the quality of education. Otero and Finkelstein showed that the LA Program
has significantly increased the number of STEM majors earning secondary teaching
certifications [2]. Moreover, Gray, Webb and Otero compared K-12 teachers who served
as learning assistants (LAs) as undergraduates to colleagues that were certified through
the same teacher certification program but did not serve as LAs. The former LAs used
significantly more reformed teaching techniques than their colleagues who were no LAs
[ 3] . Al zen, Langdon and Otero indic8TEM
gateway course is associated with a 63% reduction in odds of failure for males and a
55% reduction in odds of failure for fe

The University of Colorado is a key member of the Learning Assistant Alliance (LAA),
and their L Arpoperseegs ta fodus STEM education and teacher training
pedagogy.

Kansai University in Osaka is a large private university with 30,000 students. In 2006,
the Center for Teaching & Learning provided 138 SAs to support faculty members in
various classes in all 10 departments. There were 623 faculty members using SA in the
fall semester of 2007. Iwasaki et al., conducted a questionnaire survey with faculties and
SAs about the status of SA utilization, the effects of SA, and effects and challenges of
SA program. As a result, 89% of faculties satisfied with the use of SA and students who
worked as SAs felt that their media literacy and business manners had improved [5].

Kawachi and Sugimori also conducted the student survey at Kanazawa University.

The survey target is the students in courses that use Active Learning Advisors (ALAS).

ALAs are graduated students and undergraduate students over sophomore. They

t hat

mal es

support and facilitate students6 | eumdemtheng i n

guidance of a course instructor. The survey result showed more than half of the students
consider ALAs® supports effective for e

3. Method

These studies all described the effects of LA program at one university. So, in this
study, we conducted a common student survey at multiple universities, University A, B
and C in Japan, in ordered to examine the differences between programs at different
universities and the differences between STEAM courses and other courses.

University A has introduced the LA program in the first-year seminar, the sophomore
seminar and information literacy for freshmen course in its commerce department. Those
two seminar courses are mainly PBL with a small group work, and the number of
students in one seminar is about 30 and one teacher and two LAs are assigned. The
information literacy course covers subjects ranging from the introduction of computer
operation to quantitative data analysis. The number and composition of teacher and LAs
are the same as the seminar courses. University B also use LAs for their first-year
seminar courses in the business department. The number of students of the course is
less than 30, and only one LA is assigned to each seminar. In the survey, class size
information could not be obtained. University C introduced one LA to each of the art
expression classes for freshmen in its art department.

What all three universities have in common is that LA Program is introduced mainly
for courses for freshmen students. Those courses are divided into several classes, in

nhanc



147  ®Filodiritto Editore i 10™ International Conference New Perspectives in Science Education

each class one faculty member teaches common contents of the course with one or two
undergraduate LA students. The pedagogy lessons for LA held at the three universities
would be different. Table 2 showed the outline of the survey.

Table 2. Student Survey

Course Title year # of classes # of students

Information Literacy =~ Freshman 11 256
University A Freshmen Seminar Sophomore 11 243

Sophomore Seminar Freshman 11 236
University B First-Year Seminar Freshman Unknown (1) 84
University C  Art Expression Freshman 3 48

Total 37 867

4. Results

In the survey results, we focused on the level of LA activities and educational
effectiveness of LA supports, which students in the courses subjectify answered. Fig. 1
showed the differences of level of LA activities in each course.

Course Title University A University B University C
Freshmen Advice for group discussions, [ 71.6%
Seminar Advice for group presentations

Advice on group activities I——74.5%

Showing examples and models of presentations and activities 39.5%
Advice on report writing I
Advice for individual presentations

Advice for assignments I 53.5%
Answering students’ questions
Sophomore  Advice for group discussions e—— T
Seminar Advice for group presentations
Advice on group activities —72.9%
Showing examples and models of presentations and activities 43.6%

Advice on report writing
Advice for individual presentations
Advice for assignments I
Answering students’ questions 69.5%
Information  Advice for group discussions I 63.3%
Literacy Advice for group presentations 44.1%
Advice on group activities —62.5%
Showing examples and models of presentations and activities
Advice on report writing —— 65.2%
Advice for individual presentations. 37.5%
Advice for assignments I
Answering students’ questions 75.0%
First-Year Advice for group discussions, [ 56.9%
Seminar Advice for group presentations 58.3%
Advice on group activities —
Showing examples and models of presentations and activities 22.9%
Advice on report writing
Advice for individual presentations 27.4%
Advice for assignments —
Answering students’ questions 48.8%
Art Expression Advice for group discussions [ 55 4%
Advice for group presentations 58.3%
Advice on group activities [——89.6%
Showing examples and models of presentations and activities 39.6%
Advice on report writing
Advice for individual presentations 39.6%
Advice for assignments I
Answering students’ questions 70.8%

Fig. 1. Level of LA activities

The major LA supports common to the three universities are giving advice for group
discussions and group activities. Giving advice for group presentations and answering
student s6 questions are next highest. Ther e
main role of LAs at these three universities was to support and facilitate group activities
in these entry level courses. However, the information literacy in University A showed a
different tendency that advice on report writing was much higher than other.
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University A University B

4. It was easy to ask questions about things | didn't understand | B 325 4. ttwas easyto ask questions about things | didn't understand | D s
14. It was good to have LA in this class 1 N 2 14. It was good to have LA in this class 1 D s
3. Participating in activities during class time became easier | | Ed 3. Participating in activities during class time became easier | I : s
5. Understanding of class contents deepened | 315 12. A sense of security was born in class I 354
10.1 felt it was important to get advice and consultation from LA | 314 9. Ifelt it was important to work with other students I 352
12. A sense of security was born in class 1 314 10.1felt it was important to get advice and consultation from LA | 349

6. Understand the content and meaning of assignments I a1 6. Understand the content and meaning of assignments [ 246

(reports, exercises, etc) given in class g (reports, exercises, etc) given in class

9. felt it was important to work with other students I 313 5. Understanding of class contents deepened 1 343
7. A deeper understanding of exercises during class hours | 312 1. Group activities and discussions became active I 343

2. The contentand method of presentation has improved I 312 8. I was interested in this class I 341

1. Group activities and discussions became active I 311 7. A deeper understanding of exercises during class hours I 339

8. 1was interested in this class 297 2. The content and method of presentation has improved | 339

13.1 was able to talk to LA about things other than classes 13.1 was able to talk to LA about things other than classes | |

»

@

4]
o
I
B

11. Tension was born in class

1

u

11. Tension was born in class [ | [ |
| 15. 1 wanted to work as an LA I

N
@
8

15. I wanted to work as an LA

University C

14. It was good to have LA in this class

4. It was easy to ask questions about things | didn't understand 356
9. Ifelt it was important to work with other students | 348
12. A sense of security was bor in class 344
10. 1 felt it was important to get advice and consultation from LA 1 340
6. Understand the content and meaning of assignments 2o
(reports, exercises, etc.) given in class -
3. Participating in activities during class time became easier 338
7. A deeper understanding of exercises during class hours | 335
5. Understanding of class contents deepened 33
13.1was able to talk to LA about things other than classes I 333
1. Group activities and discussions became active 329
2. The content and method of presentation has improved | 327

8. Iwas interested i this class 1

[T

Fig. 2. Effects of LA

15.1 wanted to work as an LA

11. Tension was born in class |

In Fig. 2, the educational effects of LA supports were showed. Students responded
with a five-point scale for each effect LA provided. The top three effects of University A
and B are same; 4. It was easy to ask quest
It was good to have LA in this classodo and
ti me becameUnwasttyiCefir9o.. Il nfelt it was i mportant
ranked third. On the other hand, students g
wanted to work as an LAO0, #fAl1l1l. Tension was b
LA about things othert han ¢l asses?o It turns out that 1
LA are different from wanting to be LA or having a personal relationship with LA.

5. Discussion

The results of this survey are limited to these three universities. But we have shown
from the survey that the effectiveness of the LA program is quite common, regardless of
the university or course content. LA Program works effectively in active learning in
introductory courses. However, factors such as how to increase its effectiveness could
not be clarified from this survey.
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Abstract

Critical thinking is one of the most important skills imparted by scientific education. It
enables students to assess, evaluate and interpret different theories and topics, making
up their own minds and coming to their own conclusions.>? Especially the ability to
acknowledge that there might be other ways of understanding the very same information,
gains ever more importance as students come face-to-face with new technological
developments, such as Atrtificial Intelligence (Al) or the acquisition of knowledge via Big
Data Analysis. However, critical thinking as a practice student needs to be introduced to
and experiment with, is often neglected by university teachers 1 in STEM subjects most
of all.® In this paper, the resulting lack of critical thinking is addressed from a
developmental perspective on education. We present the prototype of an interactive
video which confronts students with puzzling situations based on philosophical ideas and
encourages them to approach these conundrums by means of critical thinking. Using
three nicknames of the philosopher Socrates i the gradly,* the midwife,> and the electric
rayé i as a starting point, students independently explore the theory and practice of
critical thinking. Afterwards, educators will initiate a discussion on why critical thinking is
important for higher education. In our project, we explore critical thinking from
philosophical and educational perspectives, iteratively refining the interactive video. This
paper presents the results of our first iteration.

Keywords: critical thinking, interactive videos, Platonic dialogues, philosophical approaches,
Design-Based-Research

1. Introduction

Critical thinking can b e distiplwed procbss af actvely fit h e
and skillfully conceptualizing, applying, analyzing, synthesizing, and/or evaluating
information gathered from, or generated by, observation, experience, reflection,
reasoning, or communication, as a guide to belief and actio n’. Gritical thinking is
considered crucial by both teachers and tutors in higher education i as a skill, it is equally
appreciated in all academic disciplines.! Thi s, in turn, al so i mp
perspective on critical thinking. In a representative survey conducted across German
universities by the German Centre for Higher Education Research and Science Studies
in 2018, 91.2% of all participating students consider critical thinking very important in
regard to their studies. Especially in the Humanities (95.7%), Social Sciences (94.7%)
and Legal Sciences (96.6%), students rank the ability to think critically as essential. In
contrast, students in the natural and technical sciences consider critical thinking to be
far less relevant. 23.1% of the surveyed students of natural sciences and 29% of the
students enrolled in technical sciences state that in their studies they are not encouraged
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to think critically.8

This might just be the tip of the proverbial iceberg. On an international level, Richard
Arum and Jospia Roksa created a stir as they presented a mixed-methods analysis of
more than 2.300 undergraduate students enrolled in 24 different universities.® The
authors concluded that 45% of undergraduates showed no significant improvement in
their critical thinking skills while attending college. The results of this analysis have been
confirmed by a replication study in 2011, using data taken from students enrolled in
different schools and even including another statistical test in order to measure the

participantsd@ over al |9Reaenth howevertthe methodolgy ® o p me

Arum and Roksads or irgdzedagaingt udy has bee
2. The Project

Our project centers around an interactive video meant to encourage students
(especially in the STEM subjects) to engage in critical and independent thinking. This
paper presents the first results of an ongoing inquiry using design-based research
(DBR). The term DBR refers to a research framework characterized by methodological
diversity which aims at developing a specific research-based solution to a real-life
problem. Once a solution has been found and applied, it provides data which i in turn1
leads to new theoretical insights. As the research for theoretical knowledge and the
development of a concrete design object depend on each other, each DBR projects tries
to achieve both a development goal and a knowledge goal.’2 Our development goal is
to create a prototype for an interactive video helping students explore the theory and
practice of critical thinking, while our knowledge goal is to collect data on the
improvement of critical thinking in this specific educational setting.

According to McKenney and Reeves, DBR projects can be divided into three
interconnected phases: Analysis and Exploration, Design and Construction, Evaluation
and Reflection.’® To complete a project, several iterations of these three phases are
necessary. Each repetition formsaso-cal | ed ADBR cycl edo i n
video script or a software mock-up) and theoretical educational hypotheses are
developed, adapted and revised. In the following paragraphs, we outline the methods
and results of our first DBR-cycle.

2.1 Phase: Analysis and Exploration

In the first phase, we created the theoretical groundwork for our prototype. In order
to encourage students to engage in critical thinking, it is necessary to first introduce them
to the characteristics of thinking. In his writings, the Greek philosopher Plato uses three
nicknames of his fellow philosopher Socrates i the gadfly,* the midwife,® and the electric
ray® i to explain what thinking might entail. We decided to base our interactive video on

n C

whi

these metaphors. | n Pl at o sate that ¢ritical thigkgigisanh e s e

exhausting activity which destroys supposed knowledge, dissolves conventions and
often turns out to be at least partially inconclusive. A perfect approach to making students
in STEM subjects reconsider their thinking habits: In their studies, these students often
differentiate correct answers from incorrect ones i which is why it is so important for
them to start questioning theories and concepts and to accept the fact that sometimes
there is no clear-cut solution.

Following Pl at odQs i dea of presenting phil osoph

investigated the use of metaphors in education. Metaphors can be understood as
cognitive patterns.'* In our DBR project, the nicknames of Socrates form a connection

between the Platonic hypot heses of thinking and student
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thought process. Those metaphors, in fact, have a theory-constitutive effect because
they help students visualize the activity of thinking, highlighting specific aspects of critical
thinking and allowing students to explore them in a theoretical context.1415

2.2 Phase: Design and Construction
Based on Platods descriptions of t hought

education, three pictures are created to represent the gadfly,* the midwife,®> and the
electric ray.® In the interactive video itself, which is created with the software H5P, these

images will be animated and presented one after another. Following each animation, the

video will provide tasks and a user interface with a text box for students to type their

results. In accordance with the educational postulate of thinking from the known to the
unknown,15 the students will start interacting with the video by associating the profession

of the midwife, the hunting method of the electric ray or experiences with gadflies.

Fig. 1. Images by ndreé Wandinger used for the interactive video

To demonstrate how the interactive video shapes this thought process, here is an
excerpt taken from the questions about the gadfly:

1) Imagine being the horse in the picture. Gadflies are buzzing around your head.
What spontaneous thoughts come to your mind when you imagine this and what
adjectives would you use to describe the gadflies? Write down your thoughts.

2) Could you put your spontaneous ideas into context with the activity of thinking? To
what extent can the gadfly be a metaphor for thinking?

Write down your thoughts and try to always start your explanations with the following
sentence: AiThinking is [/ means / | eads to

As their next task, the students will be asked to link their ruminations to the activity of
thinking. Once the students have answered the first questions by associating what they
know, a short excerpt from Platods writings
about one of the nicknames of Socrates. Based on this new information, the students
will once again be asked to contribute their own ideas about the activity of thinking:

1) Read the passage from Platoegs HfAApol ogyc
gadfly.

2) Afterwards, consider and discuss whether you have reached similar reflections in
connection with the metaphor of the gadfly and the activity of thinking. How do you
interpret Platoegs use of the gadfly in the t

At the end of the video, the students will be asked to apply these thoughts to their
academic subjects: In which contexts might critical and independent thinking impact their
studies and, later in life, their work?
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2.3 Phase: Evaluation and Reflection

To prepare for video production, we tested the concept (including pictures and tasks)
in a 4-hour online seminar with 60 students from the course Mediendidaktik (media
education) in the subject Media Production at OWL Technical University of Applied
Sciences and Arts. The students used a video conferencing tool to work in groups, jointly
solving the tasks and discussing the material as well as reflecting individually on what
the video asked of them.

Applying the method of conjecture mapping, we used the data obtained in this
seminar to test both the design of the interactive video and our theoretical hypotheses.

Based on this analysis, modifications were also made to the specific learning
material. As a result, the students will be provided with a short introduction to Socrates
in the interactive video and will be invited to brainstorm about the activity of thinking. To
increase access to Platofis texts, we Wi
dialogues and will use a simple and modern language.

2.4 The Next Steps

As a next step, we will design and develop the actual interactive video. This prototype
will be tested by students enrolled in technical and scientific subjects at OWL Technical
University of Applied Sciences and Arts. The answers of these participants will be
evaluated. Based on this analysis, we will improve the prototype of the interactive video

while using the data collected in this DBR

and theoretical knowledge of critical thinking in engineering and scientific subjects.
3. Conclusion

We hope that our interactive video will help students in STEM subjects to engage in
critical thinking and discover its importance for their field of studies. Furthermore, we
would like to make the video available to other target groups and create an
interdisciplinary workshop during which students from different subjects would be able
to express and exchange their ideas on critical thinking. A workshop such as this would
allow us to gather more data on the application of critical thinking in different fields of
academia. At this point, however, we should also point out the limitations of our project.

Naturally, our video only creates an impulse: It gets students to casually think about
critical thinking, but it does not and cannot lead to an in-depth examination of the activity
of thinking. The aim is rather to find an entry point to the topic T and to take it from there
in later projects.
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Abstract

This paper deals with the challenges to teach how to develop so called Smart Textiles i
these are textile-based products with extended functionalities that will contribute to the
next revolution in textile and clothing technology and they have a high market potential.
Therefore, it is important to prepare students for this task. So far there are only a few
approaches in teaching this interdisciplinary field especially in the area of product
development. Accordingly, this project aims for the development, piloting and evaluation
of an innovative didactic tool in the field of Smart Textiles for engineering degree
programs especially in the field of textiles and clothing. Thus, an application-oriented
construction kit is developed that should help to extend the frontiers of knowledge,
stimulate creativity, and give students the ability to solve real-world problems. As added
benefit it will accelerate the understanding of innovation and interdisciplinary challenges.
The project aims to prepare students to think interdisciplinary, broadly, deeply, and last
but not least critically. The whole approach is tested in a on scene learning concept as
well as in a blended learning concept. Her you get an overview on the didactical
approach, the learning tool kit and first experiences.

Keywords: Smart Textiles, Engineering, Learning tool kit, Didactical approach, E-Textiles
1. Introduction

What are Smart Textiles? Why is a new didactic tool needed and how is it created?

How can aspects of design thinking and gameful design be integrated in the
development? What are the benefits of different teaching-learning approaches and what
do learn reflections and participatory observation contribute to optimize those set-ups?

1.1 The textile and clothing industries

The textile and clothing industries are traditional, but at the same time innovative
businesses that have to face the challenge of systematically developing new knowledge
in order to remain market leaders. This is especially true for Baden-Wirttemberg, which
is the strongest textile location in Germany according to the textile industry association
Sudwestextil [1, p. 3] and where our university is based. Many companies are already
developing and working with high-tech materials and products that will be further used
in other industries and will, for example, bring even more safety, sustainability, energy
efficiency and comfort into everyday life in the future. One of the most important
challenges in the textile and clothing industries will be Smart Textiles i products with
extended functionalities. [2]
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1.2 The interdisciplinary sector of Smart Textiles

Smart Textiles Products will contribute to the next revolution in textile and clothing
technology and have a high market potential [3]. These are textile products with an
additional benefiti often in combination with electronic components. This can be clothing
such as heated gloves, a shirt for monitoring vital parameters or another textile product,
such as an anti-theft luggage item or a smart carpet. Although the development of smart
textiles has been going on for decades, everyday use is still in its infancy. In the following,
Smart Textiles are defined as textile products that interact with their environment and
can thus actively support users. The following Fig. 3 illustrates the different levels of
Smart Textile products. This work focuses on so-called E-textiles, which are textiles with
integrated electronic components.

interactive ‘k modified
o “ o

Functional and Technical Textiles

Fig. 3. Smart Textiles definition [4]

|-Textiles
E-Textiles

The area of smart textiles is one of the core competences of future engineers, as this
market also addresses the current megatrends of our society, such as digitalization,
mobility, health, individualization or silver society [5]. However, there are only a few
approaches in teaching this interdisciplinary field especially in the area of product
development. Yet what specific competences are needed for product development and
how can we foster them?

2. Models behind the didactical approaches

This project is situated in the field of constructivist learning theory, which assumes
that knowledge cannot be transferred from a teacher to a learner, but that knowledge is
individually constructed by each learner. In this process, prior knowledge is actively
included and the learner must take responsibility for his or her own learning process. [6,

p. 4f]

2.1 Construction Kits

The idea of stimulating users to think and learn via constructive W-questions is also
pursued by so-called learning and construction kits. In contrast to the pure transmission
of knowledge, complex topics are conveyed in a playful way in these kits. Among other
things, motivation, creativity and cognitive abilities are positively influenced. When
conducting a market research with regard to modular construction systems, in particular
construction kits, which are also used in education in schools and universities, first and
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foremost well-known brands such as LEGO® Education or Fischertechnik and less well-
known brands such as Tinkerbots or littleBits are encountered. What do all these
systems have in common? They are construction kits that playfully allow the user to
easily construct a variety of different objects using prefabricated elements. These kits
use the approach of gamification of learning and promote the joy of learning through their
design. At the same time, they provide scientific or technical background knowledge. [7],
[8], [9], [10]. A special kind of construction kits are so-called experimental kits. The
pioneer in this field is the KOSMOS brand, which introduced its first experimental kit to
the market in 1922. [11] In a study commissioned by LEGO Education, it was also found
t hat foma nldesar ni ng o, i . e., working with
learners6 confidence in dealing with STEM 't
subjects [12, p. 8 & 27]. All types of construction kits give their users the chance to
experiment and to experience learning by doing and trial and error. This is according to
H¢t her an {13, Q86 thekbydactor for learning.

2.2 Gameful Design and Design Thinking
The biggest crowd puller in the world is a game, namely soccer. So why is a game
so fascinating to us humans? | tés often

increased motivation. Playful elements should enrich the user experience and thus have
a positive impact on the learning experience. In addition, the playful approach provides
a way to deal with failure in a positive way. [14] But what is the difference between
Gamification and Gameful Design? Gameful design, explains Fischer, can be
understood as a design strategy that can help create motivational and participatory
learning environments at universities where students can build professional
competencies individually or collaboratively. [15, p. 141] Nicholson recaps the principle

of gamef ul design as foll ows: Al nsteae
external motivation through rewards, designers can use game design elements to
increase inteiflgpld] motivation. o

The design thinking method is a human-centered problem-solving method in which
problems are solved from end-user perspective and therefore the product development
process is focused and most of the times accelerated in comparison with other methods.

The entire development process of the new kit is therefore based on the clearly
structured process and the high user orientation of design thinking and runs through the
three phases of the problem and subsequently the solution space in a sequential
manner. So, it can be summarized that both the design thinking method and gameful
design are focused on the needs of the user.

3. Experiences i the difference between idea, prototype and reality

Whilst teaching smart textiles in the past the Wearic Smart Textiles Kit [17] was used
to bring students in contact with this innovative new field of combining textiles and
electronics. The Wearic Kit is intended to help people to discover the potential of Smart
Textiles. Therefore, the set includes textile-based sensors for pressure and wetness,
heating, push-buttons, sewable LEDs, and as core piece an expansion board with an
Arduino nano-controller. The board and actors are easily connected by conductive snap
fasteners. The following Fig. 4 shows the WEARIC Smart Textiles Kit with attached
sewed on LEDs, a pressure sensor and a push-button.

t he
opi

C

t he
way to satisfy oneseHdcuanad gomnend st hceuru esri & sy

of
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Fig. 4. Wearic Smart Textiles Kit

Unfortunately, this kit has a number of disadvantages. The experiences in using the
Wearic Kit were initially documented in the form of participant observation. Since the
summer semester 2020, my observations have been completed by individual learning
reflections of students and evaluated by a content analysis. Students rated working with
this kit as a good entry point to the topic of smart textiles, but as soon as they wanted to
realize their own products based on their new experiences, they found the limits of the
system. However, they were subsequently unable to transfer this knowledge to real-life
problems such as product development. This goal or the fostering of the competence to
act is the focus of the new development.

4. Plans i the new concept

The new concept is structured in the following phases, where these phases are
already completed:

1 Survey of the requirements for quality teaching in the field of product development
for smart textiles incl. research in relation to other teaching programs and
construction kits Implementation of a face-to-face course with the Wearic kit and the
evaluation tool of participant observation,

1 Implementation of an online course with the Wearic kit and the evaluation tool of

individual learning reflection,

Evaluation of the participant observations and learning reflections,

Development of the new kit (Flex-STEx) using methods from design thinking and

considering gameful design aspects.

=a =4

The following steps are planned for the next year
Piloting of the kit with a student working group,
Revision and duplication of the construction kit,
Implementation of the new kit in a face-to-face course as well as in a blended
learning course in order to evaluate the integration into the teaching-learning
arrangement.

=a =4 =9

4.1 The Flex-STEx Kit

The new kit is called the Flexible Smart Textiles Experience Kit, abbreviated Flex-
STEx. The Flex-STEx should enable my students to make their own experiences with
the construction kit and, after an initial introduction, also to develop their own ideas and
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implement them directly in prototypes. The construction of a product prototype should
thus be facilitated and it should be possible to make mistakes when working with the
construction kit in order to learn from these and avoid this when realizing the products.

At the moment the new kit is being optimized - it is now mounted on a textile carrier
and uses a Lilypad Arduino as controller and some components ae enlarging the Flex-
STEX kit.

Fig. 5. Flex-STEx Prototype Fig. 6. Lilypad Components to enlarge the
Flex-STEX Kit

The next steps include on the one hand the optimization of the prototype and on the
other hand the implementation in a student working group. If necessary, this phase will
be followed by iterative improvement of the prototype before it is subsequently multiplied.

The theoretical and practical exploration of the Flex-STEXx learning kit will take place
didactically and methodologically in parallel in a face-to-face course and in a blended
learning course from the summer semester of 2021. These two methodological
approaches are chosen in order to do equal attention to the existing teaching concept of
the course as well as future planning with digitized teaching and to be able to compare
the extent to which the kit is suitable for use in both teaching-learning arrangements.

Conclusion

In the field of smart textiles, interdisciplinary cooperation between specialists from the
textile and clothing industry, as well as information technology and electrical engineering,
is one of the most important key factors. Therefore, students have to be prepared to work
in this way. The Flex-STEx application-oriented construction kit is intended to help to
extend the frontiers of knowledge, stimulate creativity, and give students the ability to
solve real-world problems. As added benefit it will accelerate the understanding of
innovation and interdisciplinary challenges. A content-analytical evaluation of the data
resulting from the work with two student groups each in presence and after the blended
learning approach with the two construction kits will be carried out. Finally, by comparing
these results, experiences and learning reflections, it can be determined whether the
students have acquired professional competence through the innovations in the
interdisciplinary field of smart textiles and are subsequently able to develop products
independently or to optimize existing products in a targeted manner. Students will be
ready to contribute to the development of new products and face the challenges of
structural change along their working life if they are teached in the proposed concept.
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Abstract

Student so declining i nterest i n science i s
developed countries. Despite efforts aimed at making science appealing to students, this

problem persists. There is a shortage of studies that have applied fine-grained qualitative

met hods to examine how Japanese studentsédé v
science. This qualitative study aimed at elucidating how and why undergraduate

students in Japan experienced disliking science during their lives. A total of 22 freshman

and sophomore students attending a Japanese public university described how their

dislike of science came about within small focus group discussions (3-4 participants per
group). Data sources comprised participants©é6
events associated with their attitudes toward science. A grounded theory approach was

applied for coding the qualitative data. The analysis revealed 14 sub-categories under

the following six categories: comprehension, hands-on activity, teacher and teaching,
autonomy of |l earning, perceived relevance o
findings demonstrated inter-relations among thesub-c at egor i es t hat i nf | u
attitudes toward school science. The results emphasized the practical importance of
hands-on activities for fostering studeneptsd un:
and the influence of teachers6 per sonal i ties in shaping stud
science. The dynamics among these factors require further exploration to advance
understanding of such complex attitudinal changes toward science.

Keywords: Science Interest, Focus Group, Grounded Theory

1. Introduction
Studentsd declining attitude towards schoo
a big issue in science education [1-3]. The TIMSS 2019 results reveal this continuing
trend. Accordingly, in 2019, the percentage of Japanes e st udents who 06d
l earni ng sci en ctegiadersavhil® 35% amoog8y grdders. Findings for
other developed countries, including the United States, England, and Australia were
similar [4].
Previous studies have shown that some factors such as gender, early experiences,
and teaching quality affect studentsdé attitu
many interventions, such as summer camps and hands-on activities have been
developed, all of which have demonstrably positiveeffect s on st udentsé at
Nevertheless, we are still facing a studen
One of the possible reasons is that there is a shortage of studies that have examined
detailed processes of swinging away from science. In fact, in Japan, no studies have
applied afine.gr ai ned qualitative method to examine
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interests shift to a dislike of science [8]. Some studies used qualitative methods [9-10],
which focused on the emerging interest process and did not reveal the process toward
disliking of science. A comprehensive examination of how students disliked science
would be beneficial to tackle this problem. Therefore, this study sought to elucidate how
undergraduate students came to dislike science in their life using a qualitative research
method.

2. Methods

2.1 Participants

In July, 2020, 22 freshman and sophomore students (11 male and 11 female
students) at a Japanese public university, who experienced disliking of science,
participated in focus groups comprising three to four students. The participants
represented all departments at the university, ranging from natural science disciplines to
social sciences and humanities.

2.2 Data Collection

Before the focus group discussions took place, participants were asked to complete
a pre-assignment (Fig. 1). Specifically, they were asked to plot attitudinal changes to
school science during the course of the four schooling phases (lower elementary, upper
elementary, junior high, and high school) and to note any events that explained their
attitudinal changes on a worksheet. Focus group discussions were subsequently
conducted, during which the pre-assignment worksheets were used to facilitate
participantsdé active engasgpmpeémertmewitti mgeaal ho
gaps and stimulating their personal memories. All interviews were videotaped and
analyzed.

2.3 Coding

A constructivist grounded theory approach [11] was applied, which included at least
two coding steps: initial coding and focused coding. MAX QDA software was used for
the coding process. An event mentioned by more than two participants when explaining
their attitudinal change regarding school science constituted a sub-category. If only one
participant mentioned an event, it was treated as an exception.

3. Results

The analysis generated six categories and 14 sub-categories that explained how they
came to Adisliked science. Table 1 shows s
categories. The numbers in brackets after each sub-category name denotes the number
of participants who mentioned it.

3.1 Comprehension

3.1.1 Increased memorization (12)
With ascending grades, the contents taught in science classes generally increase.
Twelve students attributed their dislike of science to the need for increased
memorization. In addition, the students increasingly tended to memorize contents
without fully understanding them because they prioritized memorization in the limited
time available, which did not facilitate the development of their understanding.



163  CFilodiritto Editore i 10™ International Conference New Perspectives in Science Education

3.1.2 Content invisibility (5)

With ascending grades, the main activities in science classes entailed learning
abstract concepts, such as force, energy, and electricity, rather than practical activities
such as growing plants and craft making. These concepts, unlike the previously learned
content are difficult to see or touch directly.

3.1.3 Mathematical operations (4)

The use of mathematical formulas and the need to perform calculations in science
classes increases with advancing grades. Four students mentioned that these
mathematical operations hindered their ability to follow science lessons.

3.1.4 Poor understanding (20)

Increased memorization, invisibility of content, and mathematical operations, along
with decreased hands-on opportunities, disengagement from science learning (see
3.6.1). and poor teaching quality (see 3.3.1) contributed to a poor understanding of
scientific content. Of the 22 participants, a substantial majority identified poor
understanding as the cause of their dislike of school science.

Looking back on your life, and please write: (1) What kind of attitude you had toward "science” at
each school stage and (2) what kind of events happened in each situation.

. Lower Elementary \ Upper Elementary
School / School

Like
o .//-—/—
Meutral T \.

Dislike

= Junior High School > High School

M +

P S . ) .
| liked ( My score in | ( at b I i
experiments. science test ‘ tfirst, | couldn't

L L improved. understand math.

- - p -
| enjoyed active In science class, more |
learning classes. math topics were

e introduced. As a result,

I couldn't follow
science classes.

| often watched
science-related
TV programs.

,
.

v

Fig. 1. Quotes (translated from Japanese) i n a Studentds

Wo r k
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Table 1. Some Categories, Sub-categories, and lllustrative Quotes
Category )

Comprehension

Poor Understanding AAt first, I couldndét wunder
physicsata | | . I got stuck there
Even if | drew it in a diag

Increased AThere was so much to metmor

Memorization that | gave up trying to remember it, and because

chemistry is a subject where everything is connected, my
understanding of the theory
even know where to restart.

Hands-on Activity

Decreased hands-on i T member of experiments was reduced, and it became
opportunities more difficult to understand the concepts and content,

even though high school students were doing things that
were more invisible and dif

Teacher and Teaching

Negative perceptions
ofttacher s o
personalities
Autonomy of learning

n

ked a | otlwasfrebuffedeSo,tl had an
ive feeling toward my
anymore. o

n S o
f-"('D—
C Q

oL W
< 0

Studying for the Al felt as if sciencedharhaad K

entrance exam subject for [passing] entrsg

Perceived relevance

Relevance to life Al didndt think | would get
wasndt interested in scieng

Engagement

Disengagement il didnét | i ke hi m/thetro assok

3.1.5 Poor test scores and grades (11)

Tests reveals the |l evel of their under
class average or when they compared their scores with those in other subjects, or with
their past scores in the same subject, they recognized their science ability were poor.

Eleven participants mentioned this factor.

3.2 Hands-on activity

3.2.1 Decreased hands-on chances (9)

Decreased opportunities to engage in hands-on activity (e.g., observations and
experiments) negatively influenced attitudes toward school science both directly and
indirectly. Indirectly, it deprived learners of opportunities to understand abstract science
concepts. Nine participants mentioned this factor.

St anc
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3.2.2 Independent research (2)

Elementary school students in Japan are commonly assigned homework during the
summer vacation called independent research. Two participants mentioned that one of
the reasons why they disliked school science was the requirement of conducting
independent research.

3.3 Teacher and teaching

3.3.1 Poor teaching quality (3)

Poor teaching quality led to negative attitudes toward school science in two ways. In
the first, poor teaching quality led to poor understanding, which in turn led to a negative
attitude toward school science. The second pathway was via formation of a negative
attitude toward the teacher, which in turn led to a negative attitude toward school
science.

Comprehension Hands-on Activity

[ Increased Memorization (12) |,

Poor Test scare (11) |
| Contents' Invisibility (5) |\\ )
: Pqor Understanding (20) k—
W% : .

Hands-on Chance (9) Research (2)

Decreased | ‘ Independent

| Mathematical Operation

Perceived relevance
Negative

Engagement | Attitude toward -

Disengagement (4) School Science

Teacher's Negative | s T
Poor Taaching 1/ Personality (6) [~ | Study for Study to Get
Quality (3) — ‘\\ Entrance Exam (4) Good Test Scores (4)
— .
=== | Negative Attitude
toward Teacher (5)

Autonomy of learning

Teacher & Teaching

Fig. 2. Relationships between Category and Sub-category
Note. The numbers in brackets denotes the number of participants who mentioned
each sub-category

3.3.2 Teachersd unfavorable personalities (6

Teachersbo unf avorabl e personalities i nduc
science in two ways. The first iveayagementani | ed
learning science, which constrained their understanding. The second way entailed the
transference of a studentoés dislike of an in
that they taught.

3.3.3 Negative perceptions of teachers (5)

The abovepoi nts show that the development of ¢
teachers is brought about by poor teaching ¢
The difference is that whil e the HAPoor e

t
methods,Ndg dhaet iive perceptions of teacherso ref.
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3.4 Autonomy of learning

3.4.1 Studying for entrance exams (4)
The first sub-category was related to entrance exams. Before they recognize that
science is a preparation subject for entrance exam, they could enjoy science classes.
However, after they recognized that science is a subject for entrance exam, their
learning will come to be forced beyond their own will of studying.

3.4.2 Studying to attain good test scores (4)

The second sub-category was related to tests. Even though they initially started their
science learning with their own intellectual curiosity, they came to worry about
evaluations and test scores after they recognized science is an important subject for their
future.

3.5 Perceived relevance

3.5.1 Ilrrelevance of c¢class content to studen
Four students mentioned that their negative attitudes toward school science
developed when they began to perceive school science as being irrelevant to their lives.

3.6 Engagement

3.6.1 Disengagement from science learning (4)

There are many reasons for disengagement from learning science, such as being
busy with club activities and illness. During the focus group discussions, students
mentioned that teachers' negative personality caused them to disengage.

3.7 Dynamic interrelations among factors

Fig. 2 illustrates the interrelationships among the above-described sub-categories.

When at least one student mentioned the causal link between the two sub-categories,
we drew an arrow. It reveals that there were five categories (except for Engagement)
that directly influenced negative attitudes toward school science. In addition, some sub-
categories also indirectly influenced negative attitudes toward school science. For
example, the decrease in hands-on opportunities directly fostered negative attitudes
toward school science and also indirectly reduced understanding, which led to negative
attitudes.

4. Discussion

While the findings of this study are consistent with Self-Determination Theory [12],
the influence and relevance of hands-on activities appears to be unique to science

education. However, the negative impact of i
contrasts with the finding of a previous study that open inquiry positively influences
interest in science [13]. This studydés find

hands-on activities for studentsd6 understandin
teachersd personatluddrtss 6i nadrd Bchqulicsaence.4Thew
dynamics among factors require further exploration to grasp complex attitudinal changes

toward school science.
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Abstract

Electronic devices are found as enabling technology in many objects of daily use. Some
show a clear usage of electronic components, such as mobile phones and PCs, whereas
in many objects, electronic control reliance is less evident. This is the case with the most
recent domestic appliances. The use of theso-cal | ed fieoheotegyo all
smarter use of electricity and electric cars, where the inverter is defined as the motor's
brain. The inverter is an electronic device that commutes current from continuous to
alternate. Though silicon is the most common material employed in electronic device
fabrication, the high power absorbed by electric cars requires inverters able to withstand
high currents and voltages. The most suitable material for high power devices is silicon
carbide, a semiconductor whose improvement is the aim of several research projects.
AChall enged is a project funded benNh#onal Hor i
Research Council of Italy (CNR). Its dissemination strategy includes actions to make
youngsters aware of the progress in the application of semiconductor technology. This
work describes a pathway for transversal skills and orientation carried out by two high
schools in Italy. We followed an ideal route from innovation to market for power electronic
devices applied in e-mobility. Two whole classes attended thematic seminars on silicon
carbide, and one on the European Framework Programs for research and innovation.
The practical activity dealt with science dissemination activities towards different types
of public. We observed that linking scientific issues with actual objects such as electric
car s attract youngsterso aitutare sctemtificn thembeo wa r d
Simultaneously, communication activities can deepen the level of insight while promoting
pupil sd criti calnsferiofiresdarchfigdingslodhe markethe t r a

Keywords: Semiconductor physics, silicon carbide, electric motor, PCTO,
science communication

1. Introduction

Electronic devices are found as enabling technology in many objects of daily use.
Some show a clear usage of electronic components, such as mobile phones and
PCs, whereas electronic control reliance is less evident in many objects. This is the case
with the most recent domestic appliances. The useoftheso-c al | ed fi nverter
allows a smarter use of electricity and, in electric cars, the inverter is defined as the
mot or & s b readrisan el@ctiomic device that commutes current from continuous
to alternate. Though silicon is the most common material employed in electronic device

fabrication, the high power absorbed by electric cars requires inverters able to withstand
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high currents and voltages. The most suitable material for high power devices is silicon
carbide (SIC) [1], a semiconductor whose improvement is the aim of several research

projects worldwide. fiChallengeo [2] is a pro
by the National Research Council of Italy (CNR) with the cooperation of 13 European
and 1 Japanese partner. The work carried ou

(industry, innovation and infrastructures) and SDG11 (sustainable cities and
communities) and, through science and innovation, it aims at promoting high-quality
education (SDG4) decent work and economic growth (SDG8). Its dissemination strategy
includes actions to make youngsters aware of the progress in the application of
semiconductor technology. This work describes a pathway for transversal skills, and
orientation (PCTO) carried out by two high schools in Italy.

2. Methodology
The learning pathways have a modular scheme following the methodology developed

in the project RM@Schools [3]. This methodology allows tailoring contents and activities
to different schools. Fig. 1 summarizes the activities carried out by the two classes.

@”"‘“’f@gghﬁs Scheme of the learning pathways

E Introduction to : Strenghtening Creation
the topic of knowledge (ITA/ENG)
Professional School 2 seminars Brrrtarn App games : Event in School
12 pupils-17 ys P Materials in electronics Seminar on innovation

Interview to a company
Newspaper articles
EU Researchers Night

CHALLENGE

Visit to CNR labs

Scientificlyceum
29 pupils-16 ys

3 seminars. ‘

Short movie
«Si(n)Ce you are a driver»

Fig. 1. Scheme (arrow) and details (boxes) of the learning pathways proposed to the Professional
School and to the Scientific Lyceum. The blue boxes represent the guided activities, the yellow boxes
the communication activities.

The pathways followed an ideal route from innovation to market for power electronic
devices applied in e-mobility. The pathways involved: i) 12 pupils, 17-year-old, attending
a Technical Professional School, named Class A; i) 29 pupils, 16-year-old, attending a
Scientific Lyceum, named Class B. The proposed topic was extracurricular for both
schools.

The classes attended three thematic seminars. A scientist with expertise in
processing technologies for electronic devices, held the first two. An introductory seminar
explained the use of new materials in emerging electronic technologies and the need to
further research in this field; a second seminar focused on the scientific topic faced in
fChallengedand dealt with physics and processing techniques of semiconductor devices
made up of SiC and their application in automotive. The third was presented by an SME
leading the Challenge communication activities. The seminar focused on Horizon 2020,
the European Framework Program financing collaborative research and innovation. The
accent was on the strategic role of public funds to sustain new ideas, researchers and
economy in the fields of the enabling technologies and innovative solutions for the benefit
of the society. In Class A, this seminar was given in the frame of a public event organized
in the School, whereas in Class B, it was presented as the learning pathway introduction.
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As a practical activity, Class A fabricated a printed circuit board as a practical activity
by employing soldering, drilling, and bromographic lithography techniques. The circuit,
developed in the frame of the project RM@Schools, incorporated battery, LEDs, and
resistors and can be used to provide a visual comparison between the electrical
resistivities of quartz slides either uncoated or covered by different transparent
conductive materials (indium tin oxide and graphene). We focused on the materials
constituting the devices incorporated in the circuit: silicon, the primary semiconductor
material in electronic devices; gallium arsenide and gallium nitride as direct band gap
semiconductors in LEDs; silicon dioxide as electrical insulator; copper and indium tin
oxide as electrical conductors. The bromographic lithography served as a cue to
introduce photolithography as a mean to fabricate planar electronic devices with 1-2 um
resolution. Though not directly related to SiC, this experience is suitable for a PCTO
because it links the relatively new content about semiconductor physics and processing
and the studentsdbackground in device integration.

The practical activity proposed to Class B was a visit to the laboratories of the Institute
of Microelectronics and Microsystem of CNR in Bologna. They visited a class 100
cleanroom equipped with the technologies for electronic device fabrication:
photolithography, silicon dioxide growth, metal deposition, and doping. The specific SiC
temperature resistance requires dedicated equipment for the doping step. In this visit,
the students could appreciate the need to develop SiC processing technologies.

The next steps of the pathway, i.e., the creation of dissemination products and the
participation in a dissemination event, reinforces the link between the new contents
about research in the field of electronics and the transversal skills of the students:
communication, synthesis, fluency in English, use of technological devices to create
multimedia contents.

3. Results and discussion

As a result of this ftrainingo the students created dissemination products by re-
elaborating in groups the scientific contents treated in the seminars.

Class A created three digital games: a quiz named fsemiconductor or insulator?0
where the player has to assign materials to the right category [4]; a fhangman gameo
where the player has to guess the name of a material, processing technique or device
by suggesting letters within a certain number of guesses [5]; a puzzle whose pieces are
uncovered by assigning materials to the right category [6]. Fig. 2 shows some
screenshots of the games. This set of games focuses on materials and techniques used
in electronic device fabrication. These games help students summarize names and
electrical properties of materials.

These games served as a playful final during the open event organized in the
Professional School, where 80 pupils and teachers of different schools attended
seminars on innovation in electronics.
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Semiconductors are compounds of elements of the groups of Insulators are materials in which electrons cannot move.
semimetals (groups Il to VI of the periodic table). Their Atoms are polarized under an electric field. Generally
electrical conductivity is higher than in insulators and lower speaking, oxides and glasses are insulators.

than in conductors. o

Cadmium Telluride @ -
(CdTe) \ Silicon Nitride @
3 (SisNs)

Germanium (Ge) @

Gallium nitride @
(GaN)

Silicon (Si) @

BB E|E|E| 3| E| 2| H| SN @ EiE
LIRS N NI
(b)

Electrical Conductors f| Electrical Semiconductors ]| Electrical Insulators
Gallium Ga SETe Cadmium Cd
Task
|——"\_——F—— Asscciate each material with ts corresponding category —_—
OK
Glass 8 ) 8 indium In

. -

—"\ B, L Qv AY o—
Gold Au 8 Plastics 8 SMocn Iuide 8 Aluminum Al 8 Boron B 8 Glass
"\ A4Y 27 N\ &, o—
Aluminum Al Silicon Si Gold Au indium In Tungeiag Oxide Plastics
(c)

Fig. 2. Screenshots of the games realized by Class A: semiconductor or insulator? (a); hangman
game of electronics (b); puzzle of materials (c).

Class B realized a short movie named fSiCcome guidiq in English fSi(n)Ce you are
a driverg explaining the advantages of using SiC inverters in automotive and the barriers
to their widespread use. They could show the need for research through nice images
(some drawn by themselves) and witty use of the language, culminating in the title& pun.

Instead of loading the speech, the use of specialist terminology resulted in a clear
and precise description. This movie is published on the fChallenged website and
YouTube channel [7] and is part of the Gallery of RM@Schools.

This class made science dissemination experiences addressing different types of
public. A selected group of 5 students visited a local company that produces electric
vehicles, and they discussed the advantages and limitations of introducing SiC inverters
in their production. The cost and reliability of components turned out to be the key
elements guiding companiesd choice, highlighting the need for further research to
improve the SiC material quality and processing technology.

The whole experience was published in a local newspaper [8], where the class did
an intership for a different PCTO. Under the guidance of the editorial officers, the articles
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about SiC in automotive, the pictures of the company visited, and the interviews with
researchers offered a fresh image of a topic that usually requires scientific background
knowledge.

Finally, they were the protagonist in the European Researchers Night held in Bologna
on Sept 27, 2019 [9]. fChallengedset up a stand where people could gather information,
ask questions or play games. The pupils, divided into four shifts to cover the whole event,
assisted the public in playing and answering questions about scientific issues with the
help of a poster and their movie. As the students commented [10], the experience was
exciting and engaging.

We observed that linking scientific issues with actual objects such as electric cars
attract attention towards a scientific topic that requires extracurricular knowledge for a
deep understanding. The students of the different schools appreciated different aspects
of the pathway. The students of Professional Schools found the circuit®& realization and
the hints to semiconductor processing most appealing. The Scientific Lyceum students
were interested in the environmental benefits of using SiC inverters in electric cars. All
the students showed a deep engagement in the live dissemination activity, testified by
the intense communication with the tutors the week before the events. The realization of
a dissemination product turned out to be a slender way to recollect the seminarsécontent
and deepen the insight acquired by the independent search. It also allowed to identify
the most complex contents and find convenient strategies to tackle the issue. For
example, though the band gap concept was considered awkward, its implications in high-
temperature operation of SiC devices were clear. Together with the seminar on
innovation, the company visit promoted pupilsé critical thinking about the transfer of
research findings to the market.

4. Conclusions

This experience shows a successful practice for science dissemination in European
research projects and PCTOs based on extracurricular scientific topics. By adopting the
methodology developed in RM@Schools, pathways centred on the research carried out
in fiChallengeocould be adapted to different requirements. We find that the key to interest
pupils lies in showing the social relevance of a research issue while involving them in
live communication events is both engaging and rewarding.

This work was funded by the H2020 project fiChallengeo(agreement n. 720827) and
by the EIT Raw Materials project RM@Schools 3.0 i Raw Matters Ambassadors at
Schools (agreement n. 17146). IS fPetrucci-Ferraris-Marescao (Catanzaro, Italy) and
Liceo Scientifico fL. Valerianio (Imola, Italy) are kindly acknowledged for taking part in
RM@Schools. The authors are grateful to prof. A. Sia and S. Marri for their continuous
support.
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Abstract

The teaching of physics is a very important social task even if it concerns only basic
physics.

The case of a real trial in which a bad knowledge of physics laws led a monocratic judge
to issue a judgment based on erroneous physical conclusions is reported. The relevant
thing is that the monocratic judge was misled by a technical report prepared by an
alleged expert.

In the trial, the defendant, Mr. D.S. (Defendant for Slander), was accused of slander; in
particular, Mr. D.S. would have falsely accused, by means of a summons, his neighbor,
Mr. O.P. (Offended Party), of having caused him a damage for which he would have
demanded undue compensation. The harm would have been caused by external plaster

pieces that would have detached from mr.

O.

D. S. in his garden, more than a meibjwinghiemway

in his head. The technical report should have contained the calculations or the estimate
of the possible trajectories of the detached external plaster pieces, while it expresses
only qualitative conclusions based on totally wrong physical considerations.

The analysis of the errors can be a useful help to identify some physics concepts that
could be misunderstood by students and that should be explored in depth. In addition,
this article could be a useful and interesting reading for students of basic physics courses
so that they can appreciate even more the real importance of what they study and can
better understand the principles of basic physics.

Keywords: Projectile motion, Physics Teaching, Restitution Coefficients, Action-Reaction Pair

1. Introduction

In this article, the case of a real trial in which a bad knowledge of physics laws led a
monocratic judge to issue a judgment based on erroneous physical conclusions is
reported. The monocratic judge was misled by a technical report prepared by an alleged
expert. Both the technical report and the judgment are parts of official legal documents
published and filed at the court of Nola i Italy (sentence n. 1010/2020 issued on June
the 15t 2020 at the Nola Court i Single Judge of first instance in monocratic composition
i and filed on June the 19™ 2020). In the trial, the defendant, Mr. D.S. (Defendant for
Slander), was accused of slander; in particular, Mr. D.S. would have falsely accused, by

F
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means of a summons, his neighbor, Mr. O.P. (Offended Party), of having caused him a

damage for which he would have demanded undue compensation. The harm would have

been caused by an external pl aster piece th
property and would have reached Mr. D.S. in his garden, more than a meter away from

the O.P.0d6ds building facade, toiundératand tireglispbté m i n
and the physical problem, in Fig. 1 the physical situation is represented. Furthermore, in

order to highlight the errors contained in the technical report, the physical solution of the

problem, proposed by the authors, will be presented in the next section.

2. The physical solution

On the day of the alleged accident there was no wind and therefore its possible effects
can be neglected. Furthermore, friction with air can be neglected, because in any case
it has a braking effect and therefore a shortening of the horizontal range. Therefore, the
only force acting on an external plaster piece during its motion is the weight force, a
conservative force. The equations of motion of the plaster piece will be:

1) "® | "® I ¢y where dpis the center of mass acceleration.

2) tp m O — where tp  Ttis the "® moment relative to the center of mass C,

‘Ois the moment of inertia relative to an axis u passing through C, and pis the
angular velocity around the u axis.

__ Alleged detachment point

[
2

'h =80 Hﬂt:‘
1 Y

0. P. building facade

all

Boundary wi

%#- Alleged D. S. position

D. S, garden

LTI
Fig.1..P. O. 6s buil ding profile at the minimum d
indicates the point where Mr. D.S. would have been hit by the plaster piece, point which
is not on the same plane. This point is horizontally well over 1.30 m from the building
wall from which the plaster pieces would have come off.
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Equation 1) describes the motion of the center of mass C, that is where the plaster
pieces may arrive, while equation 2) rotations about the center of mass C, and in
particular tells us that the rotation speed remains constant. In order to establish if
external plaster pieces might have reached mr. D.S. in his garden, one has to consider
only equation 1), which allows to estimate the distance that they might have travelled.

In Fig. 2, all calculations about the center of mass motion are reported. In particular,
a detached external plaster piece, subject only to the weight force, travels, with a
projectile motion, until it collides with the cornice. Taking a very conservative assumption,
it will be assumed that the external plaster piece hits a point of the cornice other than the
foot of the perpendicular to the point of contact (that is a point of coordinate other then
@ 1 inFig. 2). Inthat case, the plaster piece must have, at the moment of detachment,
a small horizontal component of the velocity, 0 , that can be determined kinematically
according to the point of collision coordinate.

During the collision, the force of reaction due to the plane of the cornice, an impulsive
force of contact, acts. The effect of the co
restitution (COR) [1, 2]. After the collision, the plaster resumes its motion of a projectile
subject only to the weight force.

Fig. 2. Physical solution



