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Embedding Transferable Skills into the Chemistry 
Curriculum  

Matthew J Almond  

Department of Chemistry, University of Reading. Whiteknights, Reading RG6 6AD, UK  

m.j.almond@rdg.ac.uk  

In this presentation I shall discuss the methods used at University of Reading to embed 
transferable skills into the chemistry curriculum. In the First Year (Part 1) we introduce team 
working centred around problems in inorganic, organic and physical chemistry. The aim of these 
sessions is to encourage students to work together in teams and to address areas of the 
curriculum that we have identified as causing problems, for example organic mechanism and 
vibrational and rotational spectroscopy. In this way we achieve our aim of enhancing the students’ 
understanding of chemistry at the same time as developing key transferable skills such as oral 
and written communication, numerical skills and teamworking. In the second year (part 2) the 
emphasis shifts to employability skills, both to prepare the students for their future careers and to 
help those students who look for industrial placements in their third year. Beyond such rather 
trivial (but important tasks) such as CV writing we get the students to work in teams on the “Titan” 
project – a real-life case where the students use their chemistry knowledge to solve an industrial 
problem. The students also take part in a Student Conference where they present a topic of their 
choice in a one-day conference. In the third year (Part 3) the emphasis is placed upon research 
skills where we teach, for example, a module based around the research colloquia that are given 
by visiting speakers to our department. A second module follows a similar format but is taught by 
visiting speakers from industry. The overall aim is to provide a package of skills-based learning 
that develops during the students programme and which also helps to underpin their learning of 
chemistry.  

This model addresses the issue of “graduate attributes” which are now widely recognised in the 
university sector. At Reading graduate attributes include not only “Mastery of the Discipline” but 
also “Skills in Research and Enquiry”, “Personal Effectiveness and Self Awareness” and “Global 
Engagement and Multi-Cultural Awareness”. It may be argued that the last of these is not often 
fully (even partially?) addressed in chemistry curricula even where transferable skills training is 
fully embedded.  

A final point is the concept of “Teaching-Led Research”. This idea is that in planning scientific 
research projects to be carried out by students – from undergraduate projects through to PhD 
research - the teaching-aspect of the work should also be considered. What transferable skills 
does the researcher learn and what are the proposed learning outcomes? I shall discuss how this 
point is addressed through the UROP (Undergraduate Research Opportunities) programme and 
also by the formation of a multi-disciplinary graduate school for postgraduate research students.  
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 An examination of participants’ experiences of a chemistry communication and 
engagement module 

Strand number: 7/12  

Sarah Hayesa, Felix Hob, Peter E. Childsc, Martin McHugha 
aSSPC, Bernal Institute, University of Limerick, Limerick, Ireland 

bDepartment of Chemistry - Ångström Laboaratory, Uppsala University, Uppsala, Sweden 
c Department of Chemical Sciences, University of Limerick, Limerick, Ireland 

* Corresponding author: sarah.hayes@ul.ie 

The rationale for the pursuit of scientific endeavors, specifically within STEM education, is diverse 
(Osborne, Simon, & Collins, 2003). There is the notion of responsibility on the part of scientists to 
contribute to economic performance and grand societal challenges (e.g. UNCTD, 2017). With this in 
mind, there is a growing suite of scientific theories and ethical arguments that can only be dealt with 
through a public understanding of science. This is grounded in the idea of developing the socio-scientific 
citizen, Policy has also picked up on this, with funding bodies and research institutes increasingly 
requiring education and public engagement (EPE) to be a vehicle towards delivering research with impact 
(Selin et al., 2017; Van Oudheusden, 2014). 

This work refers to a cross-national and cross-sectoral study encompassing multiple experts across a 
multitude of disciplines, who developed a graduate module in STEM Communication & Engagement. 
Participants’ experiences of this module were evaluated using exit cards, semi-structured qualitative 
interviews, observations and reflections among the core project team. This qualitative research scheme 
was employed to find out in-depth viewpoints from participants.  

Emergent results from the study indicate that participants were unaware of the amount of work involved 
in the development of an EPE activity. Participants also identified the need to know the people in front of 
you and plan around their knowledge, needs and ability. Finally, many of the participants noted that they 
lacked particular tools to create meaningful engagement and that the module provided them with this 
skillset.  

The results to date illustrate the transformative potential of active learning in the public engagement realm 
with 24 real-world EPE events conducted by participants. The narrative demonstrates an increased 
demand from multiple standpoints for effective science communication. The implementation of this 
module has a multitude of benefits to participants’ interpersonal and transferable skills. Developing this 
skillset is proved more complex than participant’s initial perceptions. Assessment in an authentic setting 
brought this to light, along with a pedagogical model, which aimed to bridge the theory practice divide 
through a fluid learning, implementing and reflecting loop 

References:  
Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science: A review of the literature and its 
implications. International Journal of Science Education, 25(9), 1049–1079.  
Selin, C., Rawlings, K. C., de Ridder-Vignone, K., Sadowski, J., Altamirano Allende, C., Gano, G., et al., (2017). 
Experiments in engagement: Designing public engagement with science and technology for capacity building. 
Public Understanding of Science, 26(6), 634–649. https://doi.org/10.1177/0963662515620970.  
United Nations Conference on Trade and Development (UNCTD). (2017). The role of science, technology and 
innovation in ensuring food security by 2030. New York and Geneva: United Nations. 
https://unctad.org/en/PublicationsLibrary/dtlstict2017d5_en.pdf. Accessed December 9, 2018. 
Van Oudheusden, M. (2014). Where are the politics in responsible innovation? European governance, technology 
assessments, and beyond. Journal of Responsible Innovation, 1(1), 67–86. 
https://doi.org/10.1080/23299460.2014.882097.  
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Systems thinking in Chemistry Education 

Strand number: 1  
Jan Apothekera, Stephen Matlinb,c

, Felix Hod, Rachel Mamloke , Sherman Rosenfelde 
aFaculty of Science and Engineering, University of Groningen, The Netherlands 

b International Organization for Chemical Sciences in Development 
c Institute of Global Health Innovation, Imperial College London 

dDepartment of Chemistry, Ångström Laboratory, Uppsala, Sweden 
eDepartment of Science Teaching, Weizmann Institute of Science, Rehovot  

Corresponding author: j.h.apotheker@rug.nl 

 

Systems Thinking has been the topic of a project from both IOCD and IUPAC, based on the ideas 
formulated in an article in Nature (Matlin, Mehta, Hopf, & Krief, 2016). The ideas formulated in that 
article have led to a subsequent article in which the relationship with chemistry education is clarified 
(Mahaffy et al., 2019a). The work of the project resulted in a special issue of the Journal of Chemistry 
Education (Mahaffy et al, 2019b). 

Systems Thinking is not completely new in Chemistry Education. The way it has been used in this project 
is novel however. In this symposium the background of the idea of “Systems thinking in Chemistry 
Education” will be introduced. The speakers are all authors of one or more of the articles in this special 
issue and will present the background of these publications. (Blonder & Rosenfeld, 2019), (Ho, 2019), 
(Chiu, Mamlok-Naman, & Apotheker, 2019). 
 
References:  
 
Blonder, R., & Rosenfeld, S. (2019). Integrating the Human Element in the Responsible Research and Innovation 
Framework into Systems Thinking Approaches for Teachers’ Professional Development. Journal of Chemical 
Education, 96(12), 2700–2703. https://doi.org/10.1021/acs.jchemed.9b00387 
Chiu, M.-H., Mamlok-Naman, R., & Apotheker, J. (2019). Identifying Systems Thinking Components in the School 

Science Curricular Standards of Four Countries. Journal of Chemical Education, 96(12), 2814–2824. 
https://doi.org/10.1021/acs.jchemed.9b00298 

Ho, F. M. (2019). Turning Challenges into Opportunities for Promoting Systems Thinking through Chemistry 
Education. Journal of Chemical Education, 96(12), 2764–2776. https://doi.org/10.1021/acs.jchemed.9b00309 

Mahaffy, P.G., Matlin, S.A. Holme, T.A., MacKellar, J. (2019a). Systems thinking for educating about the 
molecular basis of sustainability. Nature Sustainability 2, 362-370, http://dx.doi.org/10.1038/s41893-019-
0285-3. 

Mahaffy, P., Ho, F. M., Haak, J. A., & Brush, E. J. (2019b). REIMAGINING CHEMISTRY EDUCATION: 
SYSTEMS THINKING, AND GREEN AND SUSTAINABLE CHEMISTRY. Journal of Chemical 
Education, 96(12), 2679–3044. 

Matlin, S. A., Mehta, G., Hopf, H., & Krief, A. (2016). One-world chemistry and systems thinking. Nat Chem, 8(5), 
393–398. Retrieved from http://10.0.4.14/nchem.2498 
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Conceptualizing and implementing systems thinking in chemistry education: 
where are we now, and where are we going? 

Symposium: Systems Thinking in Chemistry Education 

Felix Hoa, Peter Mahaffyb 

a Department of Chemistry – Ångström Laboratory, Uppsala University, 75224 Uppsala, Sweden. 

b Department of Chemistry, The King’s University, Edmonton, Alberta T6B 2H3, Canada 
 

Corresponding author: felix.ho@kemi.uu.se 

The world is made up of myriads of complex systems, both natural and artificial. In order to gain deep 
understanding of chemistry and apply such knowledge to innovate and tackle real-world problem, 
students need to develop the ability to recognise the existence of systems, as well as learn and practise 
ways to understand and analyse them. However, given systems properties such as multiple interacting 
components, dynamic feedback mechanisms, emergent properties and self-organisation, learning and 
engaging in thinking about systems is far from trivial (Verhoeff et al, 2018; Ho, 2019), especially given 
the commonly reductionist approach in chemistry curricula. By contrast, systems thinking skills have 
been recognised as a key competence for education for sustainable development (Wiek et al., 2011; 
UNESCO, 2017). It has also been argued that we as practitioners and educators of “the central science” 
have a duty to help our students develop their system thinking skills so as to be able to meet global 
challenges, present and future (Mahaffy et al, 2019). 

Recently, an IUPAC task force embarked on a project to catalyse discussions and research into how 
chemistry education can be reimagined to incorporate systems thinking into the curriculum. This was met 
with a highly enthusiastic response from the chemistry education community. A significant result of the 
conversations thus far has been the recent publication of the special issue Reimagining Chemistry 
Education: Systems Thinking, and Green and Sustainable Chemistry in the Journal of Chemical 
Education (Dec 2019). With this collection of 43 contributions from a diverse cross-section across the 
world as a backdrop, this symposium presentation will critically review and discuss the wide spectrum of 
on-going work in integrating systems thinking in the chemistry education curriculum. It will also identify 
and highlight areas where further research and development work is need. These include the development 
of and research into educational frameworks, teaching resources, activities and assessments that 
effectively scaffold learning and address learning outcomes related to systems thinking, broader 
curriculum issues concerning national and international education standards, as well as professional 
training for chemistry educators in pedagogies promoting systems thinking. 

 

Ho, F.M., (2019) J. Chem. Educ., 96(12), 2764-2776 

Mahaffy P.G., Ho, F.M., Haack, J.A., & Brush, E.J. (2019) J. Chem. Educ., 96(12), 2679-2681. 

UNESCO (2019) Education for Sustainable Development Goals: learning objectives, UNESCO, Paris. 
https://unesdoc.unesco.org/ark:/48223/pf0000247444 (accessed Jan 8, 2020) 
Verhoeff, R.P., Knippels, M.-C.P., Gillissen, M.G.R., & Boersma, K.T. (2018) Front.  Educ., 3, 40. 

Wiek, A., Withycombe, L., & Redman, C.L. (2011) Sustain. Sci., 6(2). 203–218. 
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Reorienting the future of chemistry through systems thinking in chemistry education 
Symposium on systems thinking in chemistry education  

 
Stephen A. Matlina,b,* 

a International Organization for Chemical Sciences in Development 
b Institute of Global Health Innovation, Imperial College London 

* Corresponding author: s.matlin@imperial.ac.uk 
 
 
The renewal of chemistry in the 21st Century is necessary to refresh its appeal as a subject of study, to make 
the discipline easier to teach and learn, to enhance its relevance to solving oncoming global challenges and 
to demonstrate its value as a science for the benefit of society and as the molecular basis of sustainability. 
Systems thinking (ST) – which has previously been adopted in many other areas of science, technology and 
mathematics education – provides an important tool to help achieve all these objectives (Matlin et al, 2015, 
2016). Among other benefits, ST enables chemistry education to move beyond reductionist approaches to 
a more holistic understanding of the discipline itself and of its interfaces and interactions with other 
disciplines, by recognizing complexity as an intrinsic characteristic of chemistry phenomena and facilitating 
approaches to navigating this complexity (Constable et al, 2019). The systems-oriented concept map 
extension (SOCME) visualization tool was developed during the course of the project (Mahaffy et al, 2019) 
as an aid to teaching, learning and exploring ST in chemistry. 
 
A project of the International Union of Pure and Applied Chemistry (IUPAC), supported by the 
International Organization for Chemical Sciences in Development (IOCD), has brought together more than 
20 world leaders in chemistry education to examine how to mainstream ST into chemistry education 
(IUPAC, 2017). This project has explored the nature, role and benefits of ST, including an emphasis on 
how examples of the interactions between chemistry and Earth and societal systems can be used to enhance 
the learner’s appreciation of chemistry and of its roles in sustainable development and in achieving the 2030 
UN Sustainable Development Goals (Mahaffy et al, 2019). A major output of the project has been a Special 
Issue of the Journal of Chemical Education, published in December 2019, which has amassed a substantial 
collection of papers on topics related to ST and green and sustainable chemistry (Special Issue, 2019). The 
co-leader of this project, Stephen Matlin, will introduce and overview the project and present some 
applications of ST in general chemistry education.  
 
References:  
Constable, D.J.C., Jiménez-González, C. Matlin, S.A. (2019). Navigating complexity using systems thinking in 

chemistry, with implications for chemistry education. J Chem Educ 96(12), 2689-2699. 
http://dx.doi.org/10.1021/acs.jchemed.9b00368.  

Special Issue. (2019). Reimagining chemistry education: Systems thinking, and green and sustainable chemistry. J 
Chem Educ 96(12), 2679-3044, https://pubs.acs.org/toc/jceda8/96/12.  

IUPAC (2017). Learning objectives and strategies for infusing systems thinking into (post)-secondary general 
chemistry education. International Union of Pure and Applied Chemistry Project 2017-010-1-050, 1 May 2017. 
https://iupac.org/projects/project-details/?project_nr=2017-010-1-050. 

Mahaffy, P.G., Matlin, S.A. Holme, T.A., MacKellar, J. (2019). Systems thinking for educating about the molecular 
basis of sustainability. Nature Sustainability 2, 362-370, http://dx.doi.org/10.1038/s41893-019-0285-3.  

Matlin, S.A., Mehta, G., Hopf, H., Krief, A. (2015). The role of chemistry in inventing a sustainable future. Nature 
Chemistry 7(12), 941-943. http://dx.doi.org/10.1038/nchem.2389.  

Matlin, S.A., Mehta, G., Hopf, H., Krief, A. (2016). ‘One-world’ chemistry and systems thinking. Nature Chemistry 
8, 393-6, http://dx.doi.org/10.1038/nchem.2498. 
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Identifying Systems Thinking Components in the School Science Curricular Standards of 
Four Countries 

Symposium Systems Thinking in Chemistry Education 

Jan Apotheker a, Rachel Mamlok-Namanb
 Mei-Hung Chiuc 

aFaculty of Science and Engineering, University of Groningen, Groningen 
bDepartment of Science Teaching, Weizmann Institute of Science, Rehovot 

cGraduate Institute of Science Education, National Taiwan Normal University, Taipei City 
* Corresponding author: j.h.apotheker@rug.nl 

 

ABSTRACT: Chemistry plays an important role in developing scientific theories to describe, explain, and 
predict the physical world and to produce useful products for improving quality of life throughout history. 
To arouse student awareness of the value and importance of learning chemistry and becoming chemistry 
literate, we propose an application of systems thinking for the practice of chemistry education. The 
underlying goals of the systems thinking learning strategy proposed in this article are to help students 
build core knowledge of chemistry, construct interconnections of chemical concepts, understand the 
process- and purpose-based nature of systems thinking, and develop appropriate actions for the 
sustainability of the environment. The conceptual framework includes understanding system structure, 
complex behavior, and systems at different scales in chemistry and enhancing the interactions and 
impacts of these aspects, which are used to analyze the chemistry curricular standards in high schools in 
Israel, the Netherlands, Taiwan, and the United States. The results show that there is an international trend 
to enhance students’ thinking of interconnections of concepts and relevance in chemistry, yet the degree 
of emphasis varies. With such an approach to promoting systems thinking, we expect students to better 
understand chemistry, link their knowledge and skills in chemistry to contexts, and appreciate the 
contribution of chemistry in sustainable development as global citizens.(Chiu, Mamlok-Naman, & 
Apotheker, 2019) 

References:  

Chiu, M.-H., Mamlok-Naman, R., & Apotheker, J. (2019). Identifying Systems Thinking Components in the School 
Science Curricular Standards of Four Countries. Journal of Chemical Education, 96(12), 2814–2824. 
https://doi.org/10.1021/acs.jchemed.9b00298 
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Addressing the human element in systems thinking for chemistry education with the  

RRI framework:  Implications for teachers  professional development 

Strand number 1 

Sherman Rosenfelda 

a Department of Science Education, Weizmann Institute of Israel 

The call for integrating systems thinking (ST) with chemistry education focuses on the growing 
role chemistry will play in meeting global challenges, such as those presented by the United 
Nations’ Sustainable Development Goals (SDGs).  ST can be used to help students understand 
discrete phenomena, such as diffusion (Levy & Wilensky, 2009), which has no connection to "the 

human element. However, in each of the SDGs (dealing with such issues as climate change, clean 
energy and clean water), the human element plays a central role. How might ST address this 
element? What are the implications for the professional development (PD) of chemistry teachers? 

To address these questions, we (Blonder and Rosenfeld, 2019) define global challenges in terms 
of coupled human–natural systems, which are known as coupled human and natural systems, or 
CHANS, on the scale of ecosystems (Kramer et al, 2017), and we suggest a new way to used ST 
to address the human element in these coupled systems, i.e., via the Responsible Research and 
Innovation (RRI) framework. The presentation will present this framework and demonstrate how 
it can be used productively to guide the PD of chemistry teachers. 

 

References:  

Blonder, R. and Rosenfeld, S. (2019). Integrating the human element in the responsible research and 
innovation framework into systems thinking approaches for teachers’ professional development. J. Chem. 
Educ., 96(12), 2700–2703. https://doi.org/10.1021/acs.jchemed.9b00387 

Kramer, D. B.; Hartter, J.; Boag, A. E.; Jain, M.; Stevens, K.; Nicholas, K. A.; McConnell, W. J.; Liu, J. 
(2017).  Top 40 questions in coupled human and natural systems (CHANS) research.  Ecology and Society 
2017, 22 (2), 44. 

Levy, S. T.; Wilensky, U. (2009). Students’ learning with the connected chemistry (CC1) curriculum: 
Navigating the complexities of the particulate world. J. Sci. Educ. Technol. 2009, 18 (3), 243−254. 

Sutcliffe, H. (2011). A report on responsible research and innovation for the European commission; 
Directorate-general for research and innovation. European Commission: Brussels. 
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Symposium Abstract: Developing conceptual understanding in chemistry through 
technology or instructional measures 

Strand number: 2 
Sarah Hundertmark*, Sascha Schanze 

Leibniz Universität Hannover, Germany 
* Corresponding author: hundertmark@idn.uni-hannover.de 

 Discussant of the symposium: Dr. Shirly Avargil, Technion Israel, savargil@technion.ac.il 

One goal in learning chemistry is to build upon and develop learners’ conceptions. For example, the 
phenomenon of diffusion requires an understanding of concepts like the particle nature of matter and 
concentration; learning the basic process of chemical bonding needs the understanding of forces and states 
of dynamic equilibrium, and learning about an advanced chemical bonding such as organic chemical 
reactions needs an additional understanding of interactions and functional groups.  

Instructional activities often introduce a phenomenon that relates to a general category of chemical concepts 
as well as activities and tools that help make the connection to its underlying concepts through 
experimentation, manipulation of static or dynamic visualisations such as simulations and animations, and 
externalization of personal representations.   

In this symposium four research groups present different studies that focus on technology-based 
instructional activities designed to develop conceptual understanding. While ELI-Chem provides embodied 
experiences of molecular forces, PeTeL addresses personalized learning in a blended learning environment. 
PIM focus on personal reflection and peer-discussions to advance conceptual understanding, and the fourth 
study uses instructional videos with different measures of information coding in organic chemistry. Based 
on their research focus, each project uses relevant study designs and instruments that allows quantitative as 
well as qualitative data analysis to get insights into the process of conceptual development. Aside from 
introducing the projects, the presentations will address a) what they learned about the impact of their activity 
on developing conceptual understanding, b) open questions that could not yet be answered through the 
current study design, to discuss, and c) what we could learn from among each other’s approaches. 

Keywords: conceptual understanding, technology, instructional activities  

 

Individual Presentations: 

Sarah Hundertmark*, Julian Heeg, Sascha Schanze: Developing conceptual understanding in chemistry 
through peer interaction 

Asnat R. Zohar*, Sharona T. Levy: Developing conceptual understanding in chemistry through embodied 
experiences 

Nicole Graulich*, Sascha Bernholt, Julia Eckhard, Marc Rodemer: Effects of Dynamic and Static Cueing 
in Instructional Videos on Students’ Conceptual Understanding in Organic Chemistry 

Ehud Aviran*, Shelly Livne, Ron Blonder: Implementation of a personalized online learning system for 
creating hybrid chemistry learning and teaching in the chemistry class 
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Developing conceptual understanding in chemistry through peer interaction 
Strand number: 2  

Sarah Hundertmark*, Julian Heeg, Sascha Schanze 
Leibniz Universität Hannover, Germany 

* Corresponding author: hundertmark@idn.uni-hannover.de  
 

Background: Teaching and learning chemistry or science, in general, means building upon learners' existing 
conceptions (Taber, 2001). For their conceptual development, students need opportunities to become aware 
of their thoughts and to make their thinking visible and improvable in further learning processes as well as 
to share and develop them discursively with peers (e.g. Donovan et al., 1999; van Boxtel, et al., 2000). 
Especially in chemistry, text and drawings are necessary to explain conceptions on both distinctive 
conceptual levels, the macroscopic and the submicroscopic (e.g. Taber, 2013). Based on this, we developed 
the peer interaction method (PIM) as a pre-structured two-step collaborative learning method. It is 
supported by a worksheet that consists of different tasks referring to a phenomenon, first addressing 
common learner conceptions (multiple select), then asking for explanations in different modalities (text, 
reaction scheme or drawings). The students answer the worksheet in an individual phase (IP) and will then 
proceed in groups up to four (collaborative phase CP), presenting their results and agreeing for a joint 
solution to be noted in a new but similar worksheet. The process is supported by precise instructions, e.g. 
a collaboration script (Kollar, et al., 2006).  
Research Questions: In a study, we examine to what extent the instructional measures of the PIM encourage 
students to externalize their conceptions (RQ1) and to what extent conceptual development can be observed 
between the IP and the CP (RQ2). 
Method: A total of 136 students (55.1% female, grade 8-9, age 13 to 15 years) from German grammar 
schools participated in this study, grouped in 68 dyads. The students were familiar with the topic of the 
worksheet (Boyle’s flask: combustion of carbon in an oxygen atmosphere, four tasks). The analysis is built 
on a mixed-methods-design that involves product- and process-related effects. A literature review, 
describing 55 learner conceptions about combustion (scientific adequate included), serves as a reference 
frame. A four-tier, literature-based coding manual was developed for analysing the effects of the 
collaboration on the students' individual and collaborative outcomes.  
Results/Discussion: As a result for RQ1, 60% (33 out of 55) of conceptions about combustion could be 
indicated in the students' answers, varying through all levels of representation in the different modes (text, 
equation and drawing). Referring to RQ2, Wilcoxon test showed significant improvements within three out 
of the four tasks from IP to CP (medium to strong effect sizes). 93% of the CP results differ in at least one 
of the tasks compared to the IP works. 
Discussion: The results give evidence to the presented theoretical perspectives. The instructional design 
proved to be helpful for both individual and collaborative learning and demonstrated a significant need for 
text- and pictures-based externalization tools. Furthermore, results show that reflecting first individually on 
one's’ ideas served to be a basis for being involved in fruitful collaborative discussions.  
Outlook: In this study group formation was not controlled. However, there is evidence that group 
performance could be influenced e.g. by the individual performance. Therefore, we currently develop and 
test a web-based solution of the PIM that allows the teacher to monitor group formation based on the 
individual results. 
Keywords: Combustion, mass conservation, collaborative learning 
 
References:  
Donovan, M. S., Bransford, J., & Pellegrino, J. W. (1999), How people learn: Bridging research and practice, 

Washington, D.C.: National Academy Press.  
Kollar, I., Fischer, F., & Hesse, F. W. (2006), Collaboration Scripts – A Conceptual Analysis, Educ. Psychol. Rev., 

18, 159–185. 
Taber, K. S. (2001), The Mismatch between Assumed Prior Knowledge and the Learner’s Conceptions: A typology 

of learning impediments, Educ. Stud., 27, 159–171.  
Treagust, D. F., Chittleborough, G., & Mamiala, T. (2003), The role of submicroscopic and symbolic 

representations in chemical explanations, Int. J. Sci. Educ., 25, 1353–1368.  
Van Boxtel, C., van der Linden, J., & Kanselaar, G. (2000), Collaborative learning tasks and the elaboration of 

conceptual knowledge, Learn. Instr., 10, 311–330.



15
Back  Play-Circle

Developing conceptual understanding in chemistry through embodied experiences 
Strand number: 2 

Asnat R. Zohar*, Sharona T. Levy 
The University of Haifa, Israel 

* Corresponding author: asnat3@gmail.com

Background: Understanding chemical bonding is essential for learning science, yet, it is most challenging. 
Chemical bonding presents an unusual scheme of attractive and repulsive forces acting simultaneously in 
the same space, setting the atoms in motion around a point of equilibrium. Such a scheme is outside the 
range of physical sensations experienced in the world. In addition, current teaching approaches do not relate 
the topic of chemical bonding to the underlying electrical forces between atoms, leading to inflexible 
heuristics and rote learning (Levy-Nahum et al., 2007; Taber, 1998). 
We designed and developed an Embodied Learning Interactive environment, ELI-Chem to support these 
difficulties: (1) ELI-Chem removes the abstraction by providing bodily experience with the molecular level 
as proposed by embodied learning theory (Abrahamson & Lindgren, 2014); (2) ELI-Chem is based on a 
mathematical simulation of attraction-repulsion forces between atoms thus emphasizing the force-based 
teaching approach. With the ELI-Chem learning environment, the learner holds a device and uses it to move 
one atom with respect to another atom in a simulation. We varied the learner’s experiences as four 
increasing degrees of bodily engagement, framed as a combination of the range of motion and the forces 
applied – movie, mouse, joystick, and haptic device (provides force feedback). 
Research questions: The first research question relates to embodied design: Which bodily experiences 
support learning of the force-based explanation of chemical bonding? The second relates to conceptual 
learning: What is the impact of bodily engagement on conceptual learning of abstract concepts related to 
chemical bonding? 
Methods: The study is framed as a pretest-intervention-posttest design with four treatment conditions, based 
on the four degrees of bodily engagement. The participants were 12th-grade students majoring in chemistry, 
48 students, 12 students in each condition. The procedure lasted one hour and included filling out a two 5-
10 minutes pre- and post- equivalent ten multiple-choice questionnaires, and 40 minutes of individual work 
with an activity guide. 
Results: Our findings show that there was an increase in students' conceptual understanding in all four 
levels of embodiment. Three groups were indistinguishable in their learning effects – videos, mouse and 
joystick – approximately rising from 30% to 60%. The learning gain with the haptic condition was 
significant greater – rising from 30% to 80%, (F(3,44) = 3.00, p =.045,  2 = .170). 
Discussion: This study demonstrates how an embodied representation of chemical bonding based on more 
scientific principles led to correct and mechanistic reasoning. It also shows that adding the force dimension 
to experiences of the chemical bond supports learning to a greater extent. From explanations depicting the 
chemical bond as static attached atoms, students turned to consider the dynamic balance between attraction 
and repulsion forces. 
Keywords: Chemical bonding, Attractive-repulsive forces, Embodied learning 
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Effects of Dynamic and Static Cueing in Instructional Videos on Students’ Conceptual 
Understanding in Organic Chemistry 
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With the increase in digital tools, there has been a growing interest in students’ representational abilities. 
Research has documented that an explicit attention guidance, i.e. using a combination of highlighting 
techniques and verbal explanation, might support students in 1.) focusing on relevant features of a 
representation, and 2.) linking the conceptual knowledge to these respective features. 
Based on the literature, we hypothesized that the pure provision of an explanation is insufficient to support 
students in assembling the conceptual knowledge, as the explicit visual connection to the representation is 
missing. Rather, it seems necessary to explicitly guide students where to look at while the explanation 
proceeds (Kozma and Russell, 2005; Ainsworth, 2006). Hence, two sets of instructional videos of a 
substitution reaction, one including a dynamic cueing and the other with color-coding of functional groups 
(static cueing), have been compared to a control setting. The expert-like explanation was available in all 
groups, whereas the visual cues differed between the three groups. The study, thus, followed a quantitative 
research design, including a randomized controlled trial with N=190 students enrolled in an organic 
chemistry 1 course.  
To measure the effect on students’ conceptual understanding, a pre-and post-test with multiple-choice and 
open-ended tasks to measure students’ conceptual knowledge were used. Additionally, comprehension 
tasks following the instructional video were as well implemented to measure students’ direct retention of 
the video content after watching. The open-ended questions and the implemented comprehension tasks 
were coded qualitatively with regard to the quality of the provided explanation (Caspari et al., 2018). The 
data analysis revealed that the covariate (pre-test performance) was significantly related to the post-test 
performance, F(1,183) = 93.23, p < .001, r = 0.578 and thus students across groups improved their 
conceptual understanding. However, there was no significant effect of the different treatment groups on 
post-test performance after controlling for the pre-test performance, F(2,183) = 0.22, p = .801. Hence, gains 
from pre- to post-test did not differ significantly between groups. However, the results revealed significant 
effect of different cueing techniques on the performance in the implemented comprehension tasks (p < .01, 
ω = .36). The performance on these tasks increased significantly from static cueing compared to no cueing 
(control), p < .05, and even more from dynamic cueing to no cueing, p < .01. Trend analysis revealed a 
linear trend from control to static to dynamic cueing, t(61) = 3.32, p < .001. The results show that supporting 
students with attention guidance, accompanied with a verbal explanation, can enhance their performance 
and inform future teaching in organic chemistry.  
Keywords: Representational Competence, Visual Learning, Organic Chemistry 
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Train up a child in by his own way, for even when he is old, he will not waiver from it. 

Proverbs 22,6 

The principle of focus learning around the students instead of around teachers goes 
back to John Dewy, Lev Vygotsky and Jean Piaget. Modern advancements in 
technology have allowed for the manifestation of students-centered learning in the 
classroom, bringing about personalized learning through computerized and online 
systems (Bulger, 2016; Groff, 2017; Friend, Patrick, Schneider, & Vander Ark, 2017). 
One prominent example is the PeTeL system (Personalized Teaching and Learning), 
developed by the Science Teaching department at the Weizmann Institute of Science 
(Bar-Yosef, 2018). The PeTeL system is a joint effort by the department’s different 
groups, to bring the personalization of learning to science classes in Israel. In this 
research, we will describe Chem-PeTeL – the system’s branch dedicated to chemistry 
education – and how it aids the hybridization of learning (Caulfield, 2011) by 
combining online materials and offline activities. One of the main aspects of the 
system, which is also a focal point of the research, is the system's diagnostic ability to 
locate and address student's misconceptions. Relying on the student's responses to 
specially designed teaching units, targeting known misconceptions in chemistry, the 
learning path can be adapted according to the student's needs and abilities 
(Tomlinson, 2008). The research combines quantitative tools that include: pre and 
post knowledge, attitudes and self-efficacy questionnaires, and task scores collected 
by the system; with qualitative results from classroom observations and interviews of 
students. The findings will be focused on the system's influence on students' 
achievements, understanding of chemistry concepts, self-efficacy and attitudes 
regarding chemistry learning and regarding working with a computerized system. The 
ensuing discussion and conclusion will refer to further implications for both practice 
and research. Advances in computerized and online educational environments such as 
PeTeL, offers a way facilitate personalization of chemistry teaching and learning. 
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Symposium

Title: Fostering talented students in science – goals, approaches and challenges

Strand number: 7

Presenter and discussant: Stefan Schwarzer

Participants: Debora Marchak, Maija Aksela, Ilka Parchmann

The symposium will present approaches from three countries with three different perspectives on fostering
talented students in science; a fourth perspective will be added by Stefan Schwarzer in his keynote. Starting 
from regular school education, in-school and out-of-school enrichment programs are offered to students, 
such as student labs (presented by Stefan Schwarzer), competitions (presented by Debora Marchak) or 
summer courses (presented by Maija Aksela). These initiatives can be offered to students based on their 
own engagement or linked to school programs and teacher education (presented by Ilka Parchmann). The 
symposium will offer insights into the goals and structures of the different programs and discuss challenges 
and opportunities with the audience. It will emphasize the importance of integrating approaches on fostering 
talents into systems of education with regard to students, teachers and society´s awareness.
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Facilitating Personalized CBL in Chemistry - A Retrospective Evaluation on the National 
Projects Competition.

Debora Marchak a,*, Miri Kesner a, Hagit Rahamim b, Ron Blonder a

a Weizmann Institute of Science, Science Teaching Department, Chemistry Group
bICL, Israel

* Corresponding author: marchak@weizmann.ac.il

Enrolling in science competitions, which are essentially context-based-learning (CBL) frames, is becoming
increasingly popular nowadays. By the CBL approach, curricular content is presented under circumstances 
that can naturally induce the student’s attribution of relevance to content. This has utter importance, as 
content’s lack of relevance obstructs the learning process and can be translated as the content not being 
meaningful enough, not “worthy” of being retained as long-term memory (Sousa, 2011).
With the aim of increasing students’ motivation to study chemistry both at high school and higher education 
levels, the “We Have Chemistry!” National Projects Competition was developed and launch in 2008. Since 
the beginning, the competition was a joint collaboration between the Israeli chemical industry, chemical 
research and chemical education fields. This framework intended to bridge the gap between high school 
chemistry and students’ everyday lives by offering students several degrees of free choice and decision-
making stages along the competition. It is an invitation to find a personal connection to chemistry and 
explore it.
In a previous evaluation (Sharaabi-Naor, Kesner, & Shwartz, 2014), it was found that participation in this 
national competition increases the students’ motivation to learn chemistry. In the current evaluation
presented here, we aimed at better understanding the complexity of motivational processes allowed by the 
competition’s unique format and to pinpoint the underlying mechanisms by which participation in this 
competition affects students and increase their motivation to learn chemistry.
Forty-three competition ex-participants were asked to fill in a questionnaire which included both of Lykert-
like and open questions. Triangulation was attained by interviewing some of the participants. From the poll 
data arises that 74.4% of the competition participants chose science related careers (32.6% chemistry 
related) while 16.2% hadn’t decided yet. In addition, most interesting results arose from data analysis of 
the Lykert questionnaire pertaining students who did not choose to enroll by themselves in the competition, 
as participation was a part of the class’s requirements. They still gave high scores to the process they 
underwent while participating in the competition and working on their projects. We also found that the
unique competition format supports both meaning making and relevance attribution processes, which are
highly personal processes and are difficult to access through generalized contexts of learning. Two main 
features of this learning context become palpable: the facilitation of a personalized learning process and
encouragement of active learning as it seldom occurs the conventional classroom context. These features 
are key in adolescence where individuals pursue risk-taking, sensation-seeking by self-directed exploration, 
unusualness of input and social learning.
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Towards student-centred solutions in science education: 
Global Challenges Course for Youth

Maija Aksela1)2), Topias Ikävalko1)2) & Iisa Rautiainen2)
1)National LUMA Centre Finland, University of Helsinki, Finland

2)The Unit of Chemistry Teacher Education, University of Helsinki, Finland

The aim of the national LUMA Centre Finland (11 universites network; http://www.luma.fi) is to inspire 
and motivate youth into mathematics, science and technology through the latest methods and activities of 
science and technology education. Through multidisciplinary science and technology education conducted
in several non-formal learning environments and related research, the LUMA Centre Finland is developing 
novel solutions and pedagogical innovations, such as new kinds of learning environments, courses (e.g. 
Global Challenges Course for Youth; https://www.luma.fi/en/news/2019/04/16/new-international-course-
for-high-school-students-to-develop-solutions-to-global-challenges/) operating concepts, approaches and 
materials, for example through design-based research (e.g. Aksela, 2019). Non-formal learning 
environments include the science and technology activities of children, youth and entire families, such as 
clubs, camps, parties and events, as well as the pursuit of hobbies at home (e.g. Aksela, et al. 2016; Halonen 
& Aksela, 2018; Aksela et al. 2018; Aksela et al. 2018).

One of the aims has been to build student-centred solutions for gifted and talented students (e.g. Tolppanen 
& Aksela, 2013; Tolppanen & Aksela, 2014). Since the year 2019 it has been organized a new international 
and multidisciplinary Global Challenges Course for Youth from around the world during the summer and 
early autumn 2019, mostly online (the MOOC course) and partly in Helsinki, Finland. The selected global 
challenges are, for example climate change, digitalization, energy, and wellbeing. The versatile programme 
of the course is designed more specifically on the basis of the questions and interests by the applicants and 
the participants. In the course, students will make a small learning project in team to develop a solution to 
a global challenge, with the support of the university’s young scientists and under the guidance of teacher 
students. The participants have the opportunity to meet each other and the young researchers and discuss 
the research with them. This presentation will present a case study of its opportunities and challenges.
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Programs on fostering talents as catalysts for system developments
Ilka Parchmann, Tim Höffler, Christine Koehler, Anneke Steegh, Peter Wulff and Melanie Keller

IPN Kiel and Christian Albrechts University of Kiel (CAU)

*Corresponding author: parchmann@ipn.uni-kiel.de

Fostering talents is often regarded as an additional endeavor to school education. In Germany, competitions 
and out-of-school programs like student laboratories and student research centers offer enrichment and 
engagement programs for talented and interested students (e.g. https://www.jugend-forscht.de/information-
in-english.html, https://www.ijso2020.de/en/, https://www.schuelerlabor-atlas.de/). They are highly 
successful but not well implemented in the school system. The number of regularly participating schools is 
rather low, and it is given to the individual teacher to inform and support their students. 

The IPN as a host for the German Science Olympiads and the Kieler Forschungswerkstatt as a student 
laboratory, a teaching and learning lab for student teachers and a co-design space for the development of 
new research-based programs with Kiel University CAU (https://www.forschungs-werkstatt.de/english/)
has therefore started to develop systemic structures between schools, enrichment programs and teacher and 
science communication training programs, based on accompanying research on conditions and effects of 
program participations, to build links between school education and programs for talents. 

One building stone of this systems approach is the network of student research centers in Schleswig-
Holstein (https://www.sfz-sh.de/), linking school, educational politics, research and teacher training pre-
and in-service, industry and foundations to form regional hubs for the development of science education, 
both in general and by enrichment structures. Networks in other countries, like the LUMA centers in Finland 
(https://www.luma.fi/en/centre/), and approaches of enrichment activities in other countries, like 
competitions in Israeli national project competition “We have chemistry!” provide helpful ideas for this 
developmental endeavor. 

A second building stone is the state of research and a theoretical framework for the development and 
implementation of effective programs. Especially with regard to group differences like boys and girls, 
thematic approaches like finding relevant contexts do not seem to be sufficient (Steegh et al., 2019, Höffler 
et al., 2019). Other aspects like forming a personal identity or experiencing a sense of belonging offer 
frames to better gain and hold talents among different peer groups (Wulff, 2018). 

The talk will present the structure and the theoretical background for the systemic approach on fostering 
talents and thereby forming nuclei also for school developments.
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Symposium 
 

Active learning as a neuro-pedagogical approach in chemistry class 
 

Strand number: 10 

Participants: Inna Shvarts-Serebro, Debora Marchak, Limor Radoszkowicz 

  
Neuro-pedagogy is a novel field that integrates the neurobiological theories and knowledge such as neuronal 

functioning, plasticity, and memory formation and consolidation processes into educational/pedagogical fields 

to better understand the mechanisms that occur during learning, and enhance learning effectivity by developing 

“brain-based” pedagogical approaches (Dubinsky et al., 2019; Schwartz, 2015). 

One of the possible implementations of the neurobiological understandings on the pedagogy in the chemistry 

class is the development of active learning curricular content-related activities that involve multisensory 

experience and affective arousal. The multisensory and emotionally arousing learning create a wider “imprint” 

of the experience across a larger set of brain structures, which in turn will allow more effective consolidation and 

a broader recall ability via different sensory and emotion coding areas that were excited during the experienced 

event (Dolcos, LaBar, & Cabeza, 2004; Shams & Seitz, 2008; Thelen, Talsma, & Murray, 2015). 

In this symposium, we present an approach that was developed to bring the neuro-pedagogy into practice in 

chemistry high school classes and two examples of neuro-pedagogical implementations of active learning in 

chemistry high school and undergraduate classes.   
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Brain functioning, specifically learning and memory processes, are a topic of high interest starting 300 to 
500 BC in ancient Greece with Plato, Hippocrates and Aristo (Viney & King, 1998) and until nowadays. 
Development of technologies and biological tools during the 20th century enabled neurobiologists to gain 
deeper understandings of the molecular mechanism standing behind memory and learning processes in the 
brain (Martinez and Kesner, 2014). 

The emerged understanding that neurobiological knowledge (NBK) may have a great contribution to the 
educational field, by introduction of the processes at the neuronal level that occur in the brain during 
learning a new content, gave rise to a new field of neuro-education/neuro-pedagogy in the last 20 years 
(Dubinsky et al., 2019; Schwartz, 2015).  

Although the NBK of learning and memory exists, in order to translate it into efficient teaching practices a 
new kind of professionalism is needed: teachers who master both curricular content and neuro-pedagogical 
principles. In our view, teachers are essential key players that have the content knowledge (CK), 
pedagogical knowledge (PK) and the pedagogical content knowledge (PCK), to do the transfer of 
neurobiological principles of learning and memory into practice in their class. For instance, chemistry 
teacher holds the CK, PK and PCK to make the optimal integration and transfer of NBK into his/her own 
pedagogical practice.  

 To address the problem of lack of neuroscientific knowledge amongst chemistry teachers, we developed a 
course that exposes chemistry high-school teachers to neuroscientific applicable contents and theories. As 
part of the course the teachers were required to apply the neurobiology knowledge learned through the 
course in order to build neurobiology-based lesson plans on a curricular topic chosen by them. The research  
was aimed to assess the effect that the course framework has on: a) trained teachers lesson planning and (b) 
on their experience of practical implementation of this NBK based plan in their chemistry class.  
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Chemistry teachers often recognize their students' struggle to understand, recall and apply chemical 
concepts (Johnstone, 1991). Being chemistry a highly abstract subject, internalizing chemical concepts 
requires from the learner the creation of symbolic mental constructs of accepted scientific models that 
represent the chemical concepts in the learner’s mind (Körhasan, 2016). At this point, one must ask the 
following question: Does the student have the tools with which to understand symbols and build the 
required mental imagery? 

When teaching material structure in chemistry, it is common practice to work with models to clarify 
relationships by showing students concrete representations of matter at the microscopic level. This is 
expected to help students visualize abstract aspects of chemistry. However, these practices rely on the 
assumption that students understand and adopt all the symbolism used to create those models to which they 
are exposed. Moreover, from a neuro-pedagogical point of view, the experience of using existing chemical 
models is still quite passive in terms of students’ input as it requires from students approaching content 
through similar processing pathways as those used in other activities: mainly visual, auditory and possibly 
tactile to some extent. 

 A twist of a traditional teaching practice on the subject of molecular geometry is presented here. The 
modified, extended practice proposed allows a more active and elaborative approach to working with 
models involving multiple content-processing pathways as it exposes the learner to varied modes of 
learning. The learning sequence presented here takes into account existing research in the field of neuro-
pedagogy and pays attention to the mechanisms of learning and memory as they occur in the brain (Sousa, 
2011). It is meant to improve content-processing time and quality because it includes content-processing 
factors that are expected to enhance memory consolidation processes and turn the taught material into long-
term memory (Hardiman, 2019).  

At the practical level, this sequence intends to evoke a rational, multisensory and emotional learning 
experience related to content. The positive contribution of this kind of teaching practice becomes evident 
from scores and testimonials of 10th and 11th grades chemistry students who underwent the activities, as 
will be shown during the talk. 
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Learning takes place when it is social, active and situated (Vygotsky, 1978) and will not take place without 
learners’ investment of time and effort (Deslauriers, 2019). Game-based learning approaches are known to 
promote meaningful learning by providing players with adaptive challenges, curiosity, self-expression, 
discovery, immediate feedback and collaboration (Anderson, 2011; Gee, 2007; Squire, 2011). However, 
designing games for specific educational purposes presents an interdisciplinary challenge (Qian, 2016). We 
addressed this challenge in an academic institute, where most of the courses are given in the traditional 
way, by designing educational escape rooms as an alternative model for tutoring and learning. For the last 
3 years, we built and ran at Tel-Aviv University 5 different educational escape rooms and kits based on 
academic courses. We had more than 500 participants, including undergraduate students, senior academic 
staff, high school students and teachers. Our “Chemical X” room is based on a general chemistry course 
given for undergraduate students in chemistry and life sciences. In this game, small teams of students are 
locked in a room and have to solve puzzles and riddles following a narrative thread within 60 minutes. We 
designed 7 riddles that are based on the main course syllabus, focusing on the parts the students find most 
challenging. We provided 3d models of the most difficult and abstract course concepts and created 
intriguing and unexpected integrations between the puzzles in the room. Feedbacks from participants 
showed high motivation to further study, hunger for active learning activities and improved learning skills. 
After establishing our method, we are now running a third version of “Chemical X” as a controlled study 
to measure the effect of our model on learning. To summarize, we present a novel enjoyable and motivating 
and model for learning in small groups that engages students and helps them to gain important skills 
required in the 21st century.  
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COBLE – Chemistry Online Blended Learning Environment offers a three-years virtual 
Chemistry course for high school students in Israel.  COBLE is a solution for those students 
that are interested in studying chemistry as a major, but have no opportunity to do so in their 
school. The program has been open for students since Sept. 2014, and currently consists of 350 
students in 13 groups.   This paper focuses on presenting our experience with COBLE – from 
the various components of COBLE: weekly synchronic and a-synchronic lessons, tutoring 
online lessons, home-labs, science camps, etc. to the trends of participation in COBLE along 
the years in terms of gender, social and geographic distribution, type of participating schools 
and students.  
We will further present our experience of students’ persistence and dropout as well as anecdotal 
follow-up of students who have started their higher education tracks. Also presented, will be 
the integration of COBLE students in national competitions such as "We have Chemistry" or 
"Chemistry Olympiad".   
COBLE is funded by the Israeli Ministry of Education and operated by the Davidson Insitute 
of Science Education. 
The design principles and research regarding students' self-regulation skills will be introduced 
in separate papers (Eidelman et.al., 2017 ; Eidelman and Shwartz, 2019).  
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The construction process of the Chemistry Online Blended Learning Environment (COBLE) – a platform 
and content for a three-year Chemistry course for high-school students, who cannot study chemistry in their 
schools, was accompanied by a detailed, three-year longitudinal research reflecting the complexity of 
learning in the 21st century.  Three cohorts of students have already graduated successfully and currently, 
350 students are learning in the COBLE, 10th-12th, grades.  This study follows the development and iteration 
of the pilot phase (N=24 students), their achievements, reflective interviews and interactions with the 
platform, all of which have helped characterize the development process of the COBLE and shed light on 
the changes and redevelopment needed. Selecting an underlying learning and instructional theory, the active 
and interactive learning theory- enhanced students’ learning activity by engagement and exploration of the 
virtual environment (Chi, 2009).  
The tools used in order to collect the data were: 

a) In-depth interviews: 15 remaining students and 5 dropouts were interviewed (Chi, 1997; Shkedi, 
2003).   

b) A feedback task question was added to every a-synchronic task.  Information collected by responses 
to feedback questions helped to improve tasks and pinpoint students' difficulties within. We 
analyzed 30 different feedback questions (402 student responses in total). 
 

COBLE is a dynamic environment undergoing constant changes and redevelopments that has succeeded in 
coping with rapid growth in student numbers and a national curriculum reform, making the necessary 
adjustments to improve students' achievements.  

 
Keywords:  Chemistry education; Design-based research; E-learning; Self-regulated learning; Virtual 
learning environments 
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Chemistry Online Blended Learning Environment (COBLE) is a learning environment for students that 
have no opportunity to study Chemistry at school.  SRL help cope with learning (Zimmerman, 1990)  and 
it is especially important in online learning environment. Research questions focused on the needed skills 
and strategies in order to succeed in a virtual Chemistry environment based on their SRL profile and 
development of SRL in a virtual environment. The main part of this study investigates and characterizes 
the virtual learning environment, students' learning profiles and self-regulated learning (SRL) processes of 
24 students of the first cohort of the three-year program, and tries to connect between these variables.   

Another part of the research also compares Students' SRL skills in two different learning environments 
(face-to-face and virtual classrooms).   Study tools were questionnaires (Weinstein, et al, 2002), moodle 
data mining, test and assignment scores and indepth interviews. Results validated four SRL profiles 
(R2=.53, =.5555) (Landis & Koch, 1977; Sim & Wright, 2005; R Development Core Team, 2017), and 
found significant differences in some SRL categories and virtual chat activity over time.   

 
Figure 1: The 4 SRL profile solutions 

It is unlikely that dropout students can possess an all-positive SRL profile, and active COBLE students 
developed SRL skills over time.  We have also found differences between the control and intervention 
group’s profiles. 

Key words: Chemistry education; E-learning; Virtual learning environments; Self-regulated Learning; 
LASSI questionnaire. 
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Teaching and Learning in High School Chemistry Inquiry-Type Chemistry Laboratory 

 A symposium 
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Over a period of more than 60 years, the chemistry laboratory has been extensively and comprehensively 
researched and hundreds of research papers, reviews, and doctoral dissertations have been published, 
investigating the laboratory as a unique learning environment. However, there were challenges and 
pedagogical questions regarding its educational effectiveness and benefits for teaching and learning 
chemistry. At the beginning of the 21st century there was a call to rethink (and research) the goals for 
learning chemistry in the laboratory. This is especially applicable in an era in which we are trying to enhance 
the goal of teaching “chemistry for all students” and/or for the benefit of what is fondly called “future 
citizens”. Working for more than 15 years with colleagues and students, we researched the 
potential of establishing an inquiry-type chemistry laboratory for developing high-order learning skills, 
namely, skills for the future or skills for life, including metacognitive and argumentative skills, and the 
ability of students to ask relevant questions resulting from an inquiry-type chemistry laboratory. The 
chemistry laboratory is a unique learning environment. Thus, deserve unique instructional techniques and 
assessment technique. One of the biggest inhibitors for effective implementation of the inquiry chemistry 
laboratories are the chemistry teachers. In the symposium we shall describe a long-term continuous 
professional development of chemistry teachers to teach in these kind laboratories.   
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The Development of High-Order Learning Skills in Inquiry-type Chemistry Laboratory 

Avi Hofstein 
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The key points to be made regarding the development of high order learning (or thinking) skills is that 
practical work is not a static issue but something that has evolved gradually over the years, and which is 
still developing. These developments are highly related to the changes in aims and objectives for science 
learning in general and learning chemistry in particular. These includes the development in the 
understanding of chemistry learning, changing views and understanding of chemistry inquiry learning in 
the classroom and in the laboratory. Review of the literature has clearly shown that the development of high 
order learning skills resulting from inquiry-type laboratories emerged only in the last 2o years. These skills 
were introduced aligned with the reform in which chemistry literacy for all students (in high schools) took 
place. In this talk we shall discuss the meaning of high order learning skills in chemistry education. These 
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skills are non-algorithmic, and involve the application of multiple criteria and instead of memorizing facts. 
Among these activities are: Asking research and relevant questions, solving authentic problems, making 
comparisons, dealing with controversies, and taking stand. Over the last 15 years, and as part of the reform 
in Israel in chemistry learning inquiry-type laboratories were developed. Research conducted on the 
effectiveness of these practical approaches included three high-order learning skills namely: Development 
of argumentative skills, metacognitive skills and the ability to ask questions. 
It was found that 11th grade students who conducted inquiry experiments out-performed the group of 
students who conducted close-ended type experiments.  
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The development of the inquiry laboratories: The nature of the experiments 
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A series of 100 inquiry-type experiments were developed and incorporated into the regular chemistry 
curriculum used in grades 11 and 12 in the inquiry chemistry laboratory in Israel, most of them dealing with 
the key concepts taught in chemistry, e.g., acids–bases, stoichiometry, oxidation–reduction, bonding, 
energy, chemical equilibrium, and reaction rates. The inquiry experiments range from totally ‘open-ended’ 
investigations to those in which the student is asked to conduct only a ‘partial inquiry’. Some experiments 
include design and planning as well as interpretation of results and scientific conclusions, whereas others 
also include suggested hypotheses and relevant research questions. The teachers choose approximately 20 
experiments by focusing on certain skills based on their teaching objectives and their students’ abilities and 
interests. The inquiry experiments are usually performed in small groups, 3–4 students per group. The 
number of groups can vary from four to eight, according to the total number of students in the class. During 
the inquiry stage of the experiment, each group of students usually defines a different inquiry question, 
conducts a different experiment, and may reach different conclusions. Each group summarizes its inquiry-
type experiment in a document fondly termed a ‘‘Hot report’’, and hands it to the teacher immediately after 
the lesson for assessment. An example of the different phases will be presented in the conference. The 
different groups are not closely involved with each other’s experiments. If teachers want their students to 
share the knowledge each group has accumulated, and if they want to emphasize and strengthen certain 
issues concerning the experiment, they should conduct a summarizing discussion. Knowledge can refer to 
an inquiry skill and/or chemistry content knowledge. Because the inquiry approach is student-centered, 
most teachers start the summarizing discussion with students’ presentations. For the students, presenting 
their work requires adequate preparation. The teacher should guide them in the way in which their work 
should be presented as well as in what aspects should be discussed. 
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While implementing the inquiry-type method, it is important to discuss teachers’ aspects and challenges. 
We developed a three phases model for teachers that had three components that are very intensive: 
workshop, videotape observations and evidence-based portfolio. We started the research with a group of 
teachers that were very enthusiastic and very motivated.  
Based on the CPD Research we understood, that the success or failure of the inquiry laboratory in schools, 
depends mostly on teacher’s acting in the classroom. The challenges we found referred to: 

 Motivating teachers  
 The need for Continuous Professional Development (CPD) 
 Assessing students’ achievements (e.g., Portfolio) 
 Ways to encourage teachers to renew the list of the inquiry experiments they perform with 

their students 
Today the program is fully implemented in the Chemistry official curriculum in Israel. While scaling up 
the inquiry laboratory, we still meet some challenges regarding the teachers. The key challenges are: 

• How to motivate teachers to implement the inquiry laboratory despite their beliefs? 
• What are the best ways to conduct the Continuous Professional Development? 
• How can we assist teachers, to assess students’ achievements in a better way, and to create with 

their students a meaningful portfolio? 
• How to influence teachers to move from their comfort zone, and conduct new activities with their 

students? 
That is an ongoing task for the Chief Inspector of Chemistry education in Israel. 
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Modeling is a key science and engineering practice, essential for pursuing scientific knowledge (NGSS 
Lead States, 2013; Schwarz et al., 2009). This workshop is designed to engage participants in rethinking 
learning in the digital age by experiencing a technology-rich online computational modeling tool. We will 
focus on the following goals: 

● Introduce the modeling practice and the computational modeling tool. 
● Engage in discussions related to supporting students’ modeling practice and system thinking. 
● Discuss how modeling tools can be used to better understand how computer-based modeling tools 

could be used in educational research in a variety of ways. 
● Investigate how the modeling tool addresses different aspects of the modeling practice and how it 

could be used to investigate the development of students’ modeling practice. 
● Share research plans and interest, discuss critical areas that require further studies. 

The modeling tool presented in this workshop, called SageModeler, was developed by the authors in 
partnership with other project team members from Michigan State University and the Concord Consortium 
(Bielik, Damelin & Krajcik, 2019). The modeling tool is free web-based modeling tool, designed to scaffold 
student learning so that students, beginning in middle school, engage in systems thinking through designing, 
building, and revising models. The tool facilitates both the diagramming of a system and makes it possible 
to calculate and visualize model output without requiring students to write equations or code. Students 
define relationships between variables by using words and graphs.  
In this workshop, we will discuss and explore how using an online computational modeling tool, designed 
to engage students in building, using, revising, and sharing models to investigate relationships between 
variables within a system, can promote students’ learning and develop students’ modeling practice, systems 
thinking and causal reasoning. Understanding the development of students’ modeling practice is important 
when investigating student learning and engagement. Therefore, it is relevant to researchers in the field to 
experience and discuss technology-advanced learning tools, such as the modeling tool presented in this 
workshop, for its potential in supporting students’ modeling practice and systems thinking. 
By the end of the workshop, participants are expected to have a better understanding about how web-based 
modeling tools could potentially develop students’ modeling practices as well systems thinking with a range 
of scaffolding features implemented within the software. Participants are also expected to have a better 
understanding about how computer-based modeling tools could be used in educational research in a variety 
of ways by engaging in the model building processes themselves and discussing their own research interests 
with other participants.  
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Research suggests that students are more successful when they are taught in ways that are responsive to 
their individual readiness levels, interests, learning profiles, and motivational catalysts. However, there 
are challenges in doing this: time, classroom management, changing teacher expectations, 
professional development, the difficulty of chemistry as a science subject, a heterogeneous classroom, 
and students’ misconceptions of chemistry contents. We therefore try to provide essential tools and 
assistance to teachers when they attempt to meet their students’ individual needs, so that their students 
will be motivated to learn chemistry and succeed, despite the diversity in the classroom. For this purpose, 
we have developed customized pedagogical kits (CPKs), of diverse and varied activities, to allow the 
teachers to adjust their teaching to their students' misconceptions in high school classrooms. Each kit 
consists of four components: the diagnostic task, the characterization of the task, the proposed activities, 
and the final assessment task. In addition, there are the instructions for students within the activities. 
These kits are developed according to relevant criteria in the literature regarding using differentiated 
instruction strategies; the development process includes regular validation and ongoing assessment. Each 
CPK focuses on a chemistry concept for which students have misconceptions and have difficulties in 
comprehension, based on the literature on misconceptions and diagnostic tasks. The development team 
discusses the diagnostic task and a number of teachers are assigned to try out the diagnostic task in their 
classes. One member of the development team is appointed to develop treatments that address the 
different misconceptions identified in a specific task. The development team members try out the 
treatment kit on themselves (as learners) and suggest how it can be improved. The improved treatment kit 
is distributed to a group of chemistry teachers to collect additional feedback. A number of teachers are 
then assigned to try the complete treatment kit in their chemistry classrooms. The findings are collected 
and used to make final refinements to the treatment kit. This includes making the instructions clearer, 
increasing the treatment reliability, representing customized teaching strategies in the treatments, and the 
addition or omission of optional activities, justifications, and explanations. In this workshop, we will 
describe the development process, present one of the kits that was designed to diagnose and treat 
misconceptions regarding the subject of oxidation and reduction. 

References:  

Kind, V. (2004). Beyond appearances. Students’ misconceptions about basic chemical ideas. London, UK, Bello, S, 
210-217. 

Tomlinson, Carol Ann, et al, (2003). Differentiating Instruction in Response to Student Readiness, Interest, and 
Learning Profile in Academically Diverse Classrooms: A Review of Literature, Journal for the Education of the 
Gifted 27 (2-3): 119-145. 

 



37
Back  Play-Circle

 “ELEMENTAL SECRETS”  

An escape room to promote education for sustainable development and learning about the 
elements and the periodic table 

WORKSHOP 
Fina Guitart a, Elena Murayb 

aCESIRE. Department of Education. Catalonia (Resource Centre for Educational Research and Innovation) 
b European International School. Barcelona 

 
* Corresponding author: fina.guitart@gmail.com 

Motivating and engaging students in chemistry lessons, relating chemistry education to Education for 
Sustainable Development (ESD) (Burmeister et all, 2012), and integrating chemistry from a STEAM 
perspective with other interdisciplinary connections is often a problem and a current challenge. One of the 
causes is the limited availability of teaching-learning situations that emphasize on those aspects, and the 
needed teacher training to empower them to use this kind of resource. 

Recent advances in neuroscience are highlighting that the aspects of cognition are profoundly affected by 
the processes of emotion (Immordino‐Yang et al, 2007). There are also studies that show that the use of 
games as escape rooms in classroom promotes engagement and is related with the experience of flow, a 
state in which one is swept away and is fully engaged in an activity (Peleg et all, 2019). Flow experiences 
and positive emotions go hand in hand. 

In relation to the IYPT2019 and with the aim to contribute to the creation of an innovative approach with 
the previously mentioned characteristics, and the relationship between cognition and emotions and 
engagement, a teaching-learning situation, gamified as an escape room, was created and implemented in 
some schools with students at secondary school to promote competences and knowledge about the 
periodic table and the elements, and the importance of preserve elements for a sustainable development. It 
has been created by an interdisciplinary team of secondary school teachers of CESIRE: Farró, L.; Forné, 
E., Guitart, F.; Jareño, J., Margelí, S.; Martínez, R.; Regalès, J. and Reverté, P. 

Our designed escape room is different from commercial escape rooms, because it is a teaching-learning 
material with specific learning goals to use in classroom, but also uses codes and padlocks. Its use is 
facilitated by borrowing the set of materials. It is composed of a set of 12 challenges structured in 3 
itineraries and the guiding theme is composed of an initial video that presents the final problem that 
students solve cooperatively.  This consists in discovering five threatened elements and reflect on the 
need of preserving and the responsible use of resources, and reusing and recycling materials for a 
sustainable world. 

The research designed is related to the emotions that the periodic table awakens in the students and their 
perception of what they can learn from it. Data collecting tools are students’ pre- and post-questionnaires 
with scale items and open questions that are categorized in the analysis. For teachers a questionnaire and a 
semi-structured interview. The preliminary results (6 schools) show in both collectives a high degree of 
satisfaction in the use of the scape room and a big engagement of students, which improve their emotions 
and perception around the significance of the periodic table and elements and the evolution of scientific 
knowledge. The critical thinking about sustainability is also improved. Further data will be presented. 
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In this workshop we will perform some parts of the escape room and we will present the structure and 
content of the challenges and the results of the research of the implementation. 

References. 

Burmeister, M,  Rauch, F. and Eilks, I. 2012. Education for Sustainable Development (ESD) and chemistry 
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Regional Conferences for Chemistry Students  
Strand number: 7  

 
Fadia Khatib 

Ibrahim Qassim High School  
Fadia_khb@hotmail.com 

In 2011, as a result of the “Initiatives course” of Rothschild -Weizmann program from Weizmann Institute 
in Israel creative teachers came together with an interesting initiative. They shared a dream that chemistry 
students would have the experience in organizing chemistry conferences. With creative ideas and initiative 
way of thinking, the first science conference was held on 30.11.2011. The high school students participated 
in the preparatory activities of the conference from the beginning to the end. The focus of the conference was 
to convince other teachers to adopt the same idea and make such conferences. The first conference was a 
success. Due to the positive feedbacks and impressions many teachers were thrilled to try it with their student. 
In the same year two other teachers from different parts of the country held two other influential student 
conferences. The Conference opened up with a reception for the guest students with creative homemade 
desserts and sweets decorated with chemical forms which were backed by the students. In addition, every 
student received a name tag with his/her full name and school name. The Conference program was divided 
into three parts. The first part was a plenary session which was a science lecture held by a scientist from one 
of the high academic institutes in the country. The second part was a student session. The students from the 
same school were divided into groups and each group was consisting of 4 to 5 students. Various groups from 
different schools were put together in one conference hall and they represented different interesting topics 
through a presentation or science experiments. Some of which I will be briefly mentioning in my presentation. 
After a short lunch break the students came back to the third and final plenary session which included 
chemical fun show with thrilling experiments or a closing remarks/lectures from a different scientist. At the 
very end, every student and teacher filled out an evaluation form where they assessed their overall experience 
and provide additional comments or suggestions. The hosting school ensured quality preparations and made 
sure that the goals of the conference were fulfilled. The working methods of teachers with their students were 
different. Some allowed the groups to investigate the same subject and then present it to their peers. Some of 
the teachers let the group to choose their favorite topics and present it to the bigger group. Some other teachers 
presented their students a new subject from the science front and then they developed a more extensive 
presentation on the topic.  These conferences have a significant importance including a) bringing together 
students from several schools; b) increasing the motivation to learn chemistry; c) the pride of a being a part 
of the “chemistry unit”; d) empowering students to be involved in contents and activities; and e) creating 
infrastructure for peer community learning. According to the evaluation at the end of the conferences, 
positive feedback was received by the students regarding the informal teaching, pleasant atmosphere and the 
opportunity to connecting with students from different schools and acquiring fascinating knowledge. In 2011, 
580 students from 23 schools attended to the three conferences with around 90 lectures. The enthusiasm of 
the students upon their return to school created a positive environment and other students also expressed 
interest to attend a similar conference next year. The organization of the conferences for the teachers was a 
challenge in many ways including the logistics aspect and problem solving in creative ways. The conference 
provides a solution for regional schools performing activities.  

References:  
Cohen, E., & Hadas, B. (2012). Conferences for Chemistry Students ,Al Chiemia 21 
https://chemcenter.weizmann.ac.il/_Uploads/dbsArticles/1389.pdf  
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 The design and application of the micro-Hoffman Voltameter via laser cutter 

 

Strand number: 8  
Hsu-Mao Liaoa, b,*, Chiu-Mei Chuangc 

  aThe Chemical Educational Resource Center of Taiwan 1 
bTaichung Municipal Dajia Senior High School, Taichung, Taiwan 1  

cTaichung Municipal Shun-Tien Junior High School, Taichung, Taiwan 2 

*nacl880626@hotmail.com 

There are several reasons of creating an innovative design for conducting chemical experiment in relation 
to electrochemistry. First, the traditional Hoffman voltameter with platinum electrodes is expensive for 
secondary schools to afford. Second, it is difficult for students to collect gas from an electrode using an 
inverted test tube filled with solution. Finally, the glass tube is fragile which causes a great psychological 
burden for teachers to carry out such experiment in school practice. 

Science learning via inquiry and practice is rule of thumb for meaningful learning. This workshop will 
provide participants with opportunities to construct, experience, and explore how to build their own 
microscale apparatus for the experiments. The authors will present a micro-acrylic Hofmann voltameter 
device to demonstrate the electrochemical principle. This portable teaching aid made of acrylic can be 
adopted ubiquitously and solved the problems addressed aforementioned. The acrylic Hoffman voltameter 
consists of acrylic container, plastic syringes, freely detachable electrodes and three-way valves. The 
plastic syringes and three-way valves are used to collect gas so that the volume of gas can be easily 
measured.  

Through the practical activity, the student will be able to:  

 Learn how to build a electrolytic apparatus. 
 Describe electrolytic process through writing the oxidation half-reaction and the reduction half-

reaction. 
 Understand how current is conducted in the electrolytic process.  
 Identify the products of electrolysis in different electrolytic solutions. 
 Calculate the quantity of of charged passed in the electrolytic process, and the amount of electrical 

current passed in a specific time. 
 Determine the value of Faraday constant by measuring the amount of hydrogen produced in the 

electrolysis of water. 
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Looking into students understanding of the states of matter. 

Strand number: 03  

Daniel Sorekab 

aHakfar Hayarok, Hakfar Hayarok, Israel 
bRevadim Center, Shoham, Israel 

* Corresponding author: sorekd@gmail.com 

 

One of the major questions that arises when teaching subtends is whether the understand the subject or 
not. In many cases students can achieve respectful grades without fully understanding the subject. 
Whether by understanding the technical procedures required to solve a problem without understanding the 
underlying concepts or remembering key sentences expected by the sentence (or dumping the whole 
subject on a piece of paper and hoping something sticks). I suggest a series of experiments and 
discussions to assess students understanding when teaching states of matter whether at 3rd ,7th or 10th 
grade. 

To assess students understanding in a subject we must first define what understanding means. For this I 
employed Blooms' taxonomy (Krathwohl, 2002). According to Bloom, on the pinnacle of learning are 
"Evaluate" – presenting and defending opinions, and "Create" – producing a new work. I implement this 
framework in the following ways: students are requested to confront their observations and expectations 
from an experiment (Evaluate) and come up with hypotheses regarding their experiment and design new 
experiments to confirm them (Create). The next part is to define methods to achieve said "learning" and 
"understanding". These ideas are in part based on the third model(Harpaz, 2014). Harpaz attempts to 
bridge child centered and curriculum centered models. My interpretation of these ideas is having students 
conduct an experiment and asking them to observe and explain the results of the experiment. The 
discussion is led by the teacher and students' explanations are scrutinized and the discussion is directed to 
achieve a learning goal. The subject is then summarized by the teacher in scientific terms. This focus on 
presenting experiences to the students in order for them to construct their own intuitive theories and only 
then presenting the formal model is a major guiding concept in my work. These experiences of presenting 
a phenomenon and guiding the student to explain it for themselves are repeated in order to first, 
strengthen their self-built models and concepts and second, to allow student that failed to create their own 
models the first time, a second chance. I realized one of my students understood the concept when he 
exclaimed "this is the same idea as the previous experiment!". 

 

References:  
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Challenging students’ misconceptions using focused microchemistry procedures (1) ― 
Precipitation. 
Strand number: 3  

 
Bob Worley 
CLEAPSS 

* Corresponding author: Bob.Worley@cleapss.org.uk 

When carrying out precipitation reactions, students are provided with transparent solutions which on 
mixing an opaque solid appears. What have they really understood by this? In this workshop, those 
attending will carry out a rapid technique2 that may be used to investigate the process in more detail.  

A combined worksheet, with instructions, is inserted into a polypropylene folder. The 
worksheet can also be laminated. The reaction takes place on the surface of the folder 
in a 1.5cm, “puddle” of water (using the hydrophobic nature of the surface). The 
solids are introduced either side of 1.5cm diameter “puddle” of water with moist 
pointed wooden splints. In less than a minute, the precipitate appears as a line across 
the puddle (Fig 1). The sold dissolves – how does this happen? Particles must move 
– what causes this? Then a line of solid appears – why does this occur? Students are 
seeing the whole process and begin to appreciate the connection between salt 
solubility in water and precipitation (Worley2018). 

The published paper (Worley, 2019) showed that by understanding the inorganic mechanisms of 
precipitation, students established firmer foundations than if they had carried it out using large-scale test 
tube reactions. Any precipitation reaction can be performed in this way. The method can also be applied 
to some complexometric reactions (e.g. thiocyanate/iron(III)) and  to halogen displacement reactions.  

The procedure has strong green credentials as it uses very small amounts of sold, and disposal is just a 
wipe away with paper. The plastic surface can be used repeatedly to avoid the single use of plastic. 

The presentation uses an integrated instruction sheet, which counters the large cognitive load caused by 
the split-attention effect that students’ experience in switching their attention continually between 
apparatus diagrams and the written instructions during a practical exercise (Paterson, 2019). 

NB: For more details about CLEAPSS, see http://science.cleapss.org.uk/Policies/What-Is-Cleapss.aspx. 
Microscale techniques have been used to address issues of safety and sustainability that might prevent 
students from carrying out practical work in schools and colleges 

References:  

Worley (2019), Bob Worley, Eric M. Villa, Jess M. Gunn, and Bruce Mattson (2019) Visualizing Dissolution, Ion 
Mobility, and Precipitation through a Low-Cost, Rapid-Reaction Activity Introducing Microscale Precipitation 
Chemistry, J. Chem. Educ. 2019, 96, 5, 951-954 

Worley (2018, Jul 16), Silver iodide, Retrieved Dec 8, 2019, from https://youtu.be/HzsS7K7iQ7Y 

Paterson (2019), David J. Paterson (2019) Design and Evaluation of Integrated Instructions in Secondary-Level 
Chemistry Practical Work. J Chem. Educ. 2019, 96, 11, 2510-2517 

Fig 1; The silver 
iodide precipitate
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Challenging students’ misconceptions using focused microchemistry procedures (2) ― 
Diffusing gases. 

Strand number: 3  
 

Bob Worley 
CLEAPSS 

* Corresponding author: Bob.Worley@cleapss.org.uk 

Many gases designated for study by secondary students are toxic and thus, examining their chemistry 
practically is very difficult for students. Demonstrations would be required and many of these would need 
fume cupboards (if available) in which to carry them out. Microscale chemistry allows students to work 
with toxic gases below the designated Workplace Exposure Limits.  

In this workshop, those attending will carry some beautiful eye-catching chemistry of the gases in a 
plastic Petri dish. These can photographed or videoed by mobile phone and inserted into students’ work 
books. As the process depends on the diffusion of gases, models of just how they form can provide 
evidence for the particulate nature of matter, an area of chemistry which students find very difficult. 

There are 3 ways the gases can be produced, evaporation (ammonia), chemical reaction (carbon dioxide, 
sulfur dioxide, nitrogen oxides, hydrogen sulfide, chlorine) and electrolysis (chlorine). 

In the case of ammonia, the gas is generated in an empty blister pack, containing 
0.5ml of 2M ammonia which in theory could release 24cm3 of ammonia. Much of 
this is absorbed into puddles of reagents on the base of the Petri dish. With 15 sets 
in a 300m3 room, the overall concentration could be, on average, 1.2ppm. In Israel 
and the UK the Workplace Exposure Limit is 25ppm for 8 hours. Visitors will see 
beautiful halos (Fig 1), precipitates and complexes (Fig 2) in the puddles.  

The procedure has strong green credentials as it uses very small amounts of 
chemicals, and waste is just a wipe away with the paper towel. The Petri dish or 
can be used repeatedly to avoid the single use of plastic. 

The presentation uses an integrated instruction sheet, which counters the large 
cognitive load, that students’ experience in performing practical work. This is the 
split-attention effect, whereby students have to switch their attention continually 
between apparatus diagrams and the written instructions (Paterson, 2019).  

A poster describing this procedure won the 2019 Royal Society of Chemistry 
Twitter Poster Competition for Further Education (Worley (2019, March 12).  

NB: For more details about CLEAPSS, see http://science.cleapss.org.uk/Policies/What-Is-Cleapss.aspx.  

Paterson (2019), David J. Paterson (2019) Design and Evaluation of Integrated Instructions in Secondary-Level 
Chemistry Practical Work. J Chem. Educ. 2019, 96, 11, 2510-2517 

Worley (2019, March 12), Announcing the 2019 #RSCPoster Twitter Conference winners, Retrieved Dec 8, 2019, 
from https://blogs.rsc.org/rscpublishing/2019/03/12/2019-rscposter-twitter-conference-thank-you-for-participating/ 

Fig 1: NH3 diffusion 
into 0.1M HCl with 
Universal Indicator

Fig2; in 0.1M CuSO4, 
NH3 causes precipitation 
and then complex 
formation as a halo. 
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Challenging students’ misconceptions using focused microchemistry procedures (3) ― 
Conductivity of electricity through aqueous solutions. 

Strand number: 3  
 

Bob Worley 
CLEAPSS 

* Corresponding author: Bob.Worley@cleapss.org.uk 

A conductivity indicator, in which a LED lights up once the current flows, could be dismissed as an 
elementary kit for preliminary investigation of metals and non-metals. However, in this workshop, those 
attending will  discover much more information leading to a fuller understanding of that most difficult 
concept; the existence of ions in salts. In this context, it might be better to call it “an ion detector”. 

The CLEAPSS device uses robust carbon-
fibre electrodes which are inserted into in 
1.5cm diameter puddles of water or 
aqueous solutions sitting on a 
polypropylene folder or laminated 
worksheet, (CLEAPSS (2019, May 16), 

In this workshop visitors will use the ion 
detector,   
• to check the standard of water pure water in the Weitzman Institute, 
• see the effect on conductivity when 1 grain of salt is added to a puddle on the meter, 
• to see the effect on conductivity of other salts, some classed as insoluble, on the ion detector and 
• using a special 3D printed holder, to see what happens when a neodymium magnet is placed  
             below the puddle during electrolysis of salt solution with added Universal Indicator solution.. 

Many textbooks and Exam Board Specifications concentrate 
on the macro event, ie electrolysis. However, electrolysis is a 
consequence of the battery completing its circuit by means of 
reactions at the electrodes.  

The presentation uses an integrated instruction sheet, which 
counters the large cognitive load, that students’ experience in 
performing practical work. This is the split-attention effect, 
whereby students have to switch their attention continually between apparatus diagrams and the written 
instructions (Paterson, 2019).  

NB: For more details about CLEAPSS, see http://science.cleapss.org.uk/Policies/What-Is-Cleapss.aspx.  

CLEAPSS (2019, May 16), Using the CLEAPSS Conductivity indicator, Retrieved Dec 8, 2019, from 
https://youtu.be/JxXDKk6H-NQ. Although CLEAPSS is a subscription service, the videos on this site are freely 
available. 

Paterson (2019), David J. Paterson (2019) Design and Evaluation of Integrated Instructions in Secondary-Level 
Chemistry Practical Work. J Chem. Educ. 2019, 96, 11, 2510-2517 
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Chemical Escape Room Workshop: Do-It-Yourself: Creating and Implementing 
a Periodic Table of Elements Chemical Escape Room 

Malka Yayon*, Shelley Rap, Vered Adler, Inbar Haimovich, Hagit Levy, and Ron Blonder 
Department of Science Teaching, Weizmann Institute of Science, Israel 

* Corresponding author: malka.yayon@weizmann.ac.il 
 

The year 2019 was announced as the 150th anniversary since Dmitri Mendeleev created 
the Periodic Table of Elements and it was proclaimed as the "International Year of the 
Periodic Table of Chemical Elements (PTOE)". In honor of this important event, we designed 
a PTOE Chemical Escape Room (ChEsRm) and introduced it to middle school and high-
school chemistry students (Yayon, Rap, Adler, Haimovich, Levy & Blonder, 2019). 

 Escape rooms are a form of live-action team-based game in which participants are given 
a fixed amount of time to find clues, solve puzzles, complete tasks, and escape from a locked 
room. Escape room games require group work, intellectual challenges, and a bit of luck to 
create an enticing activity. Different ChEsRms have been designed (Vergne, Simmons, & 
Bowen, 2019; Watermeier, & Salzameda, 2019). When designing the ChEsRm, we decided 
that it had to be as fun as any commercial escape room, but in addition, it had to comply with 
several additional design constraints to be suitable for the classroom: The activity must 
comply with the high school chemistry curriculum; It must accommodate large groups (a full 
class); It should be mobile; Materials must be inexpensive and Chemical knowledge is 
essential to solve the ChEsRm (Peleg, Yayon, Katchevich, Moria-Shipony & Blonder, 2019).  

In contrast to the ChEsRms described in which teachers have to physically borrow them, 
this ChEsRm is a DIY (do it yourself) room, in which all the puzzles can be printed or 
prepared at school. Therefore, the number of teachers who can use the PTOE ChEsRm is not 
limited and many students may be able to experience it.  

The activity was tested and implemented in selected classes. During these events where 
the PTOE ChEsRm was introduced to teachers, we collected feedback and conducted several 
revisions of ChEsRm. In the workshop, you can experience the improved version of the 
activity; solve a mystery: finding the cause of a mysterious death and find out what students 
and teachers who participated in the activity thought.  

The puzzles of ChEsRm include interesting facts regarding the elements, their everyday 
use, and their properties, as well as the sub atomic particles. Some involve actual experiments 
and other non-laboratory activities. The mechanism used to reveal the solution of the puzzles 
is flexible allowing teachers to adapt the puzzle to the knowledge of their students.  
References: 
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Abstract for the 15th European Conference on Research in Chemical Education (15th 
ECRICE) 

 

Facial expressions in cognitive dissonance moments  
  

Mei-Hung Chiu* 

National Taiwan Normal University 
Graduate Institute of Science Education 

* mhchiu@gapps.ntnu.edu.tw 
 

There are various factors can influence learning outcomes and learners’ emotions are one of the major 
factors. Currently, it is feasible to use facial recognition technology to monitor student emotions frame by 
frame which allows researchers to investigate students’ emotional fluctuation in the learning process. 
Ekman, the pioneer of research in facial expressions, said that people express their most immediate 
thoughts and emotions through facial expressions (Ekman, 1970, 1999). This claim was corroborated by 
other researchers who expressed a relatively high level of agreement between facial expression and 
emotions.  In this presentation, I will present a series of our studies about how facial microexpression 
states (FMES) play their roles on predicting students’ conceptual change status in counter-intuitive 
scenarios. The discussions are ranging from the relationships of the status between conceptual change and 
facial expressions change (Chiu et al., 2014. Liaw, Chiu, & Chou, 2014) to individual facial expressions 
(such as surprised, sad and disgusted) for predicting student conceptual change in learning processes 
(Chiu, Yu, Liaw, & Lin, 2016;  Chiu, et al., 2019). A modified decision tree model, namely Tree-Forest 
Model (TF Model), were used to mine the overall information of the dataset of students’ FMES (Chiu, Yu, 
Liaw, & Lin, 2016;  Chiu, et al., 2019). Implications for deep learning of sciences will be made through 
these studies.  
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 Can context influence chemistry teaching and learning in lower secondary school – Slovenian 
perspective? 

 
Iztok Devetak 
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Context-based teaching and learning is not a new approach to making chemistry learning relevant to 
students. According to Kind (2007), context-based chemistry education can be framed as using "everyday" 
or "real-life" applications for chemistry teaching, active student-centered teaching approaches that stimulate 
learning, and the implementation of a "spiral" curriculum that presents the specific chemical concept in 
different settings (contexts). As Holbrook (2008) summarizes, the relevance of learning in the eyes of 
students is an important factor in making science more popular in school, which is likely to lead to greater 
public awareness of science among students in the future. In this context, the relevance of chemistry is an 
important aspect to make chemistry education from lower secondary to tertiary level interesting and 
motivating, and students achieve sufficient knowledge to pass the specific educational level. Research shows 
(e.g. Parchmann et al., 2006; Bulte et al., 2006; Stuckey, & Eilks, 2014) that students develop a deeper 

understanding of chemical concepts, especially at certain specific levels of 
chemical literacy (e.g. awareness of the importance of chemistry for 
society and intrinsic motivation for continuous chemistry learning) if 
context-based chemistry teaching is applied in the classroom. Analysis of 
research literature and teaching materials (Devetak, 2017) suggests that 
different contexts can be used to make the topic relevant to students. 
Based on this analysis, a 4C model was developed. In this model abstract 
chemical concepts are integrated into the basic framework of specific 
chemical content. These contents are integrated into learning objectives 
that are regulated in the national curriculum for chemistry at lower and 
upper secondary school. The context can be applied to the curriculum 
content to make the concepts relevant to the learners; the basis of this 
context can be natural, societal, personal, contemporary, technological or 
historical. But as teachers or as developers of teaching materials, we 
always find it difficult to use the context to stimulate students' learning at 
the specific educational level. Teachers usually have different views on 

which contexts are relevant to students than students do, and this can lead to unsuccessful learning. For this 
reason, some results of various studies with teachers and students at the lower secondary level before and 
during science teaching are presented on the relevance of specific contexts. 
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Use of Humanitarian Aspects in Chemistry and Chemical Engineering Education 

Alec Groysman  
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Email: alecgroysman@gmail.com 
 
 

What is the relationship between chemistry and humanities? How do chemists use and can apply art in their 
inspiration and creativity? Engineering is the “third culture” in addition to the “two cultures”, art and 
science. There is mutual influence between these “three cultures”. What is the meeting point in them?  
We speak about interdisciplinary and humanitarian thinking, enrichment, “beautifying” and 
“philosophizing” of education of chemists and chemical engineers. 
 
The aim of this work is to show how humanitarian aspects, in particular art, can help in chemistry and 
chemical engineering education.  
The way to reach this aim is a demonstration the young generation of educators, chemists and chemical 
engineers that the application of humanitarian aspects in teaching, learning, education and our very 
existence may be more interesting, fascinating, creative, productive, exciting, attractive, and as a result 
beautiful and “rich”.   
The examples of the use of different arts (music, painting, literature, poetry, sculpture), history, philosophy 
and humor in the curricula and teaching of chemistry and chemical engineering are shown.  
 
Students and young chemists/engineers who learned the subject of chemistry/engineering with the use of 
humanitarian aspects including philosophy manifest more creativity, inspiration, passion, and satisfaction 
in their job and life. The results of the questionnaire of students illustrate evidence that they have a wider 
perception of the comprehension of chemistry disciplines and very existence. 
 
Humanitarian aspects should be more included in chemistry teaching. Learning and educating students and 
educators using art, history, philosophy and humor result in the attractiveness of chemistry disciplines, their 
“beauty”, inspirations and creativity of the young generation. 
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In learning opportunities for school students, especially in out-of-school settings, the term authenticity is 
often used to emphasize a close link between the activity or content and state-of-the-art scientific research 
and practical techniques. The possible benefits for school students of integrating current scientific content 
into learning processes, of having contact to “real” scientists, or of using rare materials are widely discussed 
in literature. “A simplistic notion is that scientists represent ‘real science’ and thereby bring an authentic 
element to science communication” (Laherto, 2018). But, in most cases, real scientists and rare materials 
are not easily accessible for such activities, due to a lack of scientists’ time or because of safety issues and 
the high costs of research materials.  

On the basis of three recent research projects, this talk will discuss new approaches towards fostering 
authenticity in chemistry for school students, following a modification of Pinner’s model (2013) with its 
domains of authenticity. These domains of authenticity, which mutually depend on each other, are: 

 Authentic setting: A study in which video vignettes showing the typical activities of scientists were 
added to experimental learning stations in science laboratories for school students in order to promote a 
perception of authentic science and scientific work (Stamer, 2019).  

 Authentic language/text in use: A content and language integrated learning (CLIL) intervention where 
English was used to show the “authenticity of purpose” and to demonstrate authentic communication 
processes in science to school students. This CLIL approach links the concept of authenticity to both 
content and communication (Hollweck, in press). 

 Authentic tasks: Together with colleagues from our chemistry department, we educationally 
reconstructed recent research results to show school students the relevance of chemistry to everyday 
life, for example, with more environmentally friendly “green” sparklers and with a microwave synthesis 
of an LED phosphor for sustainable lightning (Diekemper, 2019). These results will be demonstrated by 
short experiments. 
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Educational reform efforts across the world seek to develop students' meaningful understanding of central 
ideas in the science disciplines and their abilities to engage in diverse science practices, such as creating 
and using models, generating arguments, and building explanations. To achieve these ambitious goals, we 
need to diversify and strengthen our approaches to the formative and summative assessment of student 
understanding. In this presentation, I will describe and discuss the types of strategies we are using to develop 
and implement formative and summative assessments in large college chemistry classrooms in the US. 
These assessments seek to evaluate the extent to which students can integrate central ideas, crosscutting 
ways of reasoning, and core practices in making sense of relevant phenomena and in finding reasonable 
solutions to real problems. I will also discuss the theoretical and analytical frameworks that we are applying 
to assess student reasoning, particularly students' ability to build mechanistic accounts of chemical 
phenomena. 
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"There is a Plenty of Room at the Bottom", declared physicist Richard Feynman back in 1959. Feynman 
considered the possibility of direct manipulation of individual atoms as a powerful form of synthetic 
chemistry. His vision of the "future" is nowadays one of the most important and influential field of science. 
Nano-Science and Nanotechnology are the study and application of structures and materials on the nano-
meter scale and the unique properties these materials demonstrate. At the nanometer scale, different 
disciplines seem to cross their traditional borders and collaborate; this fact is reflected by the different 
applications of nanostructures in technology, medicine, and even in consumer goods such as stain-resistent 
fibers. As John Dewey stated" if we teach today`s students as we taught yesterday's, we rob our children of 
tomorrow." The teachers of todays must be aware and in sense with the scientific and technological 
developments. Different laboratory experiments were developed for demonstrating the importance of nano-
scale structures, and its basic concepts that aim to promote teachers, and students` content knowledge with 
a meaningful introduction of nanoscience. These experiments include several aspects on how to prepare 
nanomaterials, simple methods for analyzing nanostructures and their multiple uses in technology and 
medicine. The first experiment is based on silver nanoparticles for developing electrical conductive thin 
films, while the other is based on producing Nano liposomes and it's using for drug delivery. 
 
 
Keywords: Nano-Science, Nanotechnology, Teachers 
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A spontaneous and quick answer on whether plastic or paper bags are more environmentally friendly would 
be in favor of paper bags, as they are made of renewable raw materials, can be recycled and do not harm 
the environment upon their degradation. On the contrary, plastic bags are made of oil, a valuable and non-
renewable source (oil peak), cause sea pollution and kill sea life as well as birds and animals. A widely 
published motto is “no plastic bags”, although plastic bags are still the most efficient everyday carrying 
solution. Also, the “superiority” of paper bags is not based upon scientific proofs. Recent studies on the so 
called “life cycle assessment” of plastic bags - paper bags have led to conclusions, which are in direct 
contradiction with common belief. However, there is another way to go a definitely "green solution" and 
that is plastic bags made of potato and starch biopolymers, instead of petroleum polymers. In the present 
work the activities performed by Anatolia College students, both at elementary and secondary school level 
are presented. Young students search for information, perform experiments, collect experimental data and 
analyze them, evaluate “life cycle assessment”, and formulate statements, based upon facts. Working in 
this way citizens of tomorrow, are prepared to become leaders, decision and policy makers on important 
issues, crucial to the future of our planet and life on earth. 
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Several authors point out that chemistry learning is difficult and complex since the construction of its 
knowledge has to be done by the interconnection of three dimensions: macroscopic, microscopic and 
symbolic1,2 Therefore, chemistry teachers need to develop creative pedagogical strategies trying to promote 
the successful learning of their students. On this path, and to address the UN’s 2030 Agenda for Sustainable 
Development, particularly the Goal 14, and since Portugal is a country with a large shoreline and have 
strong historical connections to the sea, we developed a project with an ocean-related context: PVC project: 
“Perceive the Value of Chemistry”. The project aims to promote students’ awareness about the pollution of 
the ocean by macro and micro plastics and the learning of chemistry contents related to coastal water’s 
physicochemical quality. PVC project emphasizes: i) the coastal water’s physicochemical parameters such 
as temperature, turbidity, pH, salinity, nitrates and nitrites concentration and dissolved oxygen; ii) some 
basic polymer chemistry contents; and iii) laboratorial practices and techniques. Since many of the selected 
contents were explored for the first time by most of the participating students, a pedagogical kit containing 
sensors, reagents, materials and experimental protocols was developed to allow students to better perform 
the analysis of water and plastics collected. 

Notwithstanding the other phases of the project, in this work we are going to focus on sampling and analysis 
of coastal waters and beach plastics and the respective chemistry learning behind it. That phase took place 
during March and April 2019, where 440 (N1) students, aged 12 to 14 years, from 4 Portuguese secondary 
schools and the 9 teachers went to the beaches to perform sampling and some in loco physicochemical 
analysis. Complementary analysis took place at the schools’ labs. After that, students published their results 
at “EarthEcho Water Challenge” platform and answered a knowledge test to assess the level of 
understanding of the contents explored. Six months later, after a summer holidays, the same test was 
answered by a large part of these students (N2 = 338) to assess the level of knowledge retention. 

On average, students’ scores were positive on both tests. In the first test, the mean of their results was 72%, 
while in the second test, the mean dropped to 56%. A detailed analysis of the results shows greater retention 
difficulty in polymer related questions and concentration calculations. These differences can be explained, 
on the one hand, because older students with higher cognitive development and knowledge of chemistry 
did not respond to the second test because many of them have changed schools and selected vocational 
areas in order to start the high school. On the other hand, due to time restrictions and because polymer 
chemistry is not part of the secondary school Portuguese chemistry curriculum, the teachers involved in the 
project did not emphasize so much these contents. Regardless, we could consider that PVC project 
contributed to an efficient and contextualized learning of chemistry contents, particularly those related to 
the quality parameters of the water. Moreover, the students’ learning of laboratory practices and skills was 
a very noticeable gain that resulted from the project implementation. 
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Flipped classroom is an instructional strategy which enable a hybrid learning that includes both 
face-to-face and distance learning (Horn & Staker, 2011). E-assessment can support the flipped class 
strategy by assisting both teacher and learner at various levels such as: providing immediate learner 
feedback (Whitelock, 2006), convenience, time-limited (Noguera et al., 2019; Henderson, 2016), place and 
resources, saving the lecturer's time in exam exercises, and more. Chemistry context-based approach is 
when chemistry application and its connection to real-world situations are at the center of chemistry 
teaching. In this approach, chemical concepts are taught in the "need-to-know" approach, where students 
require concepts to understand the real-world phenomena. Notably`, the literature presents many 
advantages to the context-based learning approach in teaching sciences: it contributes to learners’ level of 
interest and enjoyment (Avargil et al., 2012;), enhances students understanding of curriculum 
(Wannagatesiri et al., 2017), raises student awareness to the relevance of the learning content to real-life 
and real-world contexts (Stolk et al., 2016; King & Henderson, 2018).  

In light of all this, the purpose of this study is to implement and investigate an innovative teaching 
process in chemistry, incorporating flipped classroom methodologies and online assessment into context-
based learning in chemistry for middle school students. In addition, the study also examines and 
characterizes generic activities carried out by learners on their own initiative as well as their academic 
achievements. These goals are achieved by (a) examining learners' attitudes and perceptions of context-
based learning in the flipped class approach to chemistry, using a structured open-ended questionnaire; (B) 
Examining learners' level of awareness of context-based learning through an examination of generic 
activities (initiated by students themselves) that assist in technology and chemistry-related learning, while 
attempting to characterize them, and using a travel journal; (C) Examining learners ' performance and 
achievement in online assessment tasks by examining the correlation between learners' achievement in the 
online tasks used as a tool for assessment, and their achievement in a conventional written test. 

The findings of the present study indicated positive attitudes of students towards context-based 
learning in a hybrid chemistry environment using FC strategy. In addition, research findings show that 
context-based learning in chemistry does help learners see the relevance between the curriculum and 
phenomena that students encounter in real life and the real world. Furthermore, learners’ achievement in 
the online assignments provided was found to be (strongly) correlated to their achievement in the 
conventional written test. This suggests that online assessment tasks are useful in assessing learners’ 
performance, and perhaps even serving as a test preparation for them, although this argument needs further 
study and may serve as a guide for further research. At the same time, it is recommended that the validity 
and reliability of online assessments be investigated, and that their suitability for different populations and 
ages also be assessed.  
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Chemistry  is often presented as a set of symbols, formulas and equations about objects and phenomena, 
invisible to the naked eye, making students see it as an abstract science and difficult to understand (Taber & 
Franco, 2010). In fact, conceptual understanding in Chemistry requires observing phenomena at three levels: 
macroscopic, submicroscopic and symbolic (Johnstone, 1982). However, students have difficulty moving from 
the macroscopic level to the symbolic and submicroscopic levels (Prain & Tytler, 2012). This movement 
implies that students must develop their logical and abstract thinking skills, as well as their cognitive structures, 
i.e. connections between terms, concepts and process (Nakiboglu, 2008). The use of representations has been 
pointed out by several authors as one of the facilitators for explaining phenomena in Chemistry, enhancing 
students' conceptual comprehension (e.g., Gilbert 2008). The use of two or more representations, when 
studying, a concept is considered as learning with multiple representations (MR) (Ainsworth, 2006; Tsui and 
Treagust, 2013). Although most research indicates that using MR favors students’ conceptual learning in 
Chemistry, there still aren’t many studies concerning how MR influence the development of students’ 
cognitive structures. This study intends to contribute to the increase of knowledge in this area. The following 
research questions guided our study: What is the effect of a sequence of lessons on saponification reaction 
making use of MR in the development of students' cognitive structures?; How, from the students' perspective, 
did using MR during the sequence of saponification reaction lessons support the development of their cognitive 
structures? 
This study follows a pre-experimental one group pretest–posttest design, providing an intervention during the 
experiment. Participants were 68 students, belonging to 12th grade (57% female 43% male; age range 17-19). 
This work is focused on saponification reaction. The three classes on the saponification reaction (total duration 
360 minutes) were taught by three Chemistry teachers. Each teacher conducted the lessons in their class as 
represented, using MR (e.g., video, model kits, chemical equations). Two data collection instruments were 
used: a Word Association Test (WAT) and a focus group interview. WAT was applied in two moments of the 
study - pre-test (M1) and post-test (M2). To stimulate the association of words four words were given to the 
students: ester, alcohol, soap and basic solution. Students were asked to write as many terms associated with 
the stimulus words as they could and to write a sentence including each one of the stimulus words and their 
response words. The focus group interview were conducted four weeks after lesson 3. The results from the 
WAT show that students’ cognitive structures progressed from M1 to M2, with an increase in the number of 
response words and connections between words, and with a change in the nature of these connections. The 
results suggest that this development was influenced by the way students used MR, making use of the three 
MR representations proposed by Ainsworth (2006). The students recognized that the combination of the three 
MR functions allowed them to move across representation levels and to develop a deeper and more structured 
understanding of the concepts related to the saponification reaction.  
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In this study, science teachers and student teachers were tested for their level of awareness with respect to 
green chemistry, sustainability and environmental education. Their attitudes to environmental education 
issues were also examined, as well as the effect of introducing a sub-unit on the chemistry of plastics on the 
awareness of student teachers of these topics and their attitudes on the environment. In the study, 271 
questionnaires were analyzed, 123 of which were filled out by teachers with different seniority levels who 
teach in elementary, middle and high schools. 148 questionnaires were filled out by student teachers. 
The findings of the study showed that sustainability and green chemistry awareness among teachers was 
low as well as science teacher in Germany teachers (Burmeister, Schmidt-Jacob & Eilks 2013). This was 
the case among both teachers' college and university graduates. However, teachers' positions on 
environmental education were positive. Green chemistry awareness was low among teachers in elementary 
schools, and in junior and in senior high schools. Veteran teachers (working as teachers for more than ten 
years) had greater green chemistry and sustainability awareness. Science teachers were found to have more 
knowledge of green chemistry and sustainability than students' teachers of science education. Burmister & 
Eilks reported that about two-thirds of pre-service teachers in Germany in their probationary period had 
never heard of the concepts of green chemistry or sustainability (Burmister & Eilks ,2013). 
Incorporation of an intervention program dealing with plastic and bioplastic, increased the awareness of the 
students the level of green chemistry, sustainability and environmental education and their attitudes towards 
the environment became more positive. Also, students reported a high level of satisfaction with the 
intervention plan and noted that it was likely to improve their future environmental behavior. 
Through the attainment of the study's objectives and through the examination of the level of awareness  
among teachers and student teachers concerning green chemistry, sustainability and environmental 
education, and their attitudes towards the environment,  we conclude that teachers and students of science 
education were not sufficiently exposed to these issues during their studies their training, and that the 
introduction of a sub-section on these  issues into the college's science curriculum increased student 
awareness of them. 
Keywords: green chemistry, sustainability, environmental education. 
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In our everyday lives, we are surrounded by a dizzying amount of variety of media messages and media 
landscapes are constantly changing, which shows the importance of modern citizens’ competence on 
critically analyzing media contents and judging the related media resources. Nowadays media aspects are 
addressed in various school subjects, primarily the humanities and social sciences, while in the science 
classroom the application is still quite spotty and mostly limited to specific and traditional media types like 
newspapers, even though scientific information can be found in all types of media explicitly or implicitly. 
Many topics discussed in social media have scientific backgrounds – only in very rare cases this is done by 
science experts. It is significant to address that understanding the use (and the abuse) of scientific information 
is an important competence for critical citizens (UNESCO, 2006). However, learning through and about the 
media has not yet to play a significant role in science education.  
Especially social networks such as Instagram or Facebook are a popular source of information for young 
people. They do not only serve communication purposes, but also the creation and distribution of content. 
The contents may contain chemical-related information which in many cases may not be based on 
scientifically proven sources. Generally, misinformation influences others in their opinion which in turn can 
lead to a change in consumer behavior and even influence the views on the nature of science (Dhingra, 2003). 
An example of this possible process is the negative representation of parabens in social media which are used 
in cosmetics as effective preservatives. The circumstances described above and the high proportion of young 
people following social media reports on a daily basis provided the starting point for the development of a 
teaching module addressing this issue which has the potential to ensure teaching and learning about 
chemistry, sustainability aspects and digital media. The presentation will focus on the development and 
evaluation of this module. With the implementation of contributions from social media, a self-directed 
research on parabens and a comparison between parabens and grapefruit seed extract with the help of a 
specific visualization tool (see Zowada, Frerichs, Zuin & Eilks, 2019), communication and evaluation skills 
can be promoted. Subsequently, creating your own Instagram post can also provide occasions to discuss the 
mechanisms behind published content and the interaction of social media and chemistry. The module 
especially contrasts the presentation of parabens in social media with the actual scientific background behind 
this issue. The material was developed in cooperation with teachers and science educators based on of 
Participatory Action Research and tested in six classes (n = 168) of a secondary school in Bremen, Germany. 
Overall, the teaching unit received positive feedback and the teaching material had a positive influence on 
the motivation of the students and their sense of relevance towards chemistry lessons. In addition, the 
majority of the students were able to successfully formulate an opinion which turned away from being 
influenced by contributions from the social media.  
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As human society advances, new scientific challenges are constantly emerging. The use of systems thinking 
(ST) and computational thinking (CT) can help elucidate these problems and bring us one step closer to a 
possible solution (Grover & Pea, NGSS Lead States, 2013). Building and using models is one of the 
most widely used tools when trying to understand systems, yet not enough studies examined the progression 
of student learning when engaging in these practices (Schwarz et al., 2009). In this study, we set to 
investigate the opportunities and challenges high school chemistry students face as they engage in 
computational and system thinking practices in the context of system modeling. Using a theoretical 
framework that describes how CT and ST practices are manifested in the modeling process, we explore the 
progression of students’ models during their classroom investigations and model revisions. We explore 
strategies students employ to overcome modeling challenges and the supports that facilitates their learning. 
We examine four case studies of 10th grade chemistry student pairs who were engaged in building and using 
system models in an NGSS-aligned project-based learning unit on kinetics of chemical reactions. The 
modeling took place using an open-access online modeling tool, SageModeler (Bielik, Damelin & Krajcik, 
2019). Collected data included screencast recordings of four focus groups, interviews with the students 
following the enactment of the unit, and analysis of student groups output models. 
Our results indicate a discrepancy between students’ progression in adding key variables and their ability 
to properly construct the relationship between the variables. The first one trends upwards as the unit 
progresses and the second one fluctuates. Examination of the fluctuating pattern revealed that students who 
initiated more simulations of their model were more likely to end up with a higher model level than students 
who relied on teacher-initiated simulations. This finding might point to the importance of agency in the 
process of building models, in which the more self-driven the students are, the more likely they are to 
progress in their model development. We also found that constructing the initial model was challenging for 
the students, mostly since the planning and constructing modeling practices were integrated in a process 
that created high cognitive load for the students. The general strategy students employed was to include as 
many variables that came to mind and set relationships between the different variables. In the presentation, 
we discuss some suggestions to scaffold students’ progression in constructing computational system models 
and prepare teachers to support their students in engaging in CT and ST practices. 
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The contribution describes the starting points of the BEDOX project, which focuses on safe laboratory 
practice in general chemical education in cooperation with the teams of the Faculty of Biomedical 
Engineering of the Czech Technical University in Prague, the Expert Institute of Safety and Health 
Protection in Prague and the Department of Chemistry and Chemistry Education Faculty of Education 
Charles University. The aim of the project is to analyse the current state of pedagogical practice and 
curricular documents in the field of safe chemistry laboratory practice in the Czech Republic and based on 
the results to prepare an electronic database of videos presenting a selection of safe chemical experiments 
usable in the school laboratory. The starting aims of the project were to analyse the current state of 
practical teaching of chemistry as general-educating subject, mainly experimental activities of pupils and 
their teachers in schools, focusing both on valid legislation and on the actual observance of safety 
requirements in school chemical laboratories or spaces for realization of experimental activities. We used 
the anonymous questionnaire with three main parts: identification of the respondent (chemistry teacher at 
Czech secondary school with orientation to general education), school experimental activities on teacher’s 
view and safe experimental practice on teacher’s view. The stratified research sample consisted of 351 
teachers teaching chemistry as a general-educating subject in secondary education. Main results speak 
about problems with appropriate time and place for experimental activities in secondary chemistry 
education. Barriers are also unclear legislative conditions and appropriate teachers education. Criticism of 
the respondents is oriented to lack of courses oriented to safe school chemical experiments (the focus to 
safe experimental work connected with all risky aspects) in pre-gradual as well as in post-gradual teachers 
education. At the same time, a detailed assessment of the working procedures used is carried out 
identified by teachers as risky, which will be physically reproduced and documented and subsequently 
adapted to meet the requirements of the new Czech norm, while maintaining its educational purpose in 
prepared electronic video-database. 
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More then 30 years ago it was shown that the integration of history of chemistry in chemistry classes can 
help to improve the acceptance for and the knowledge of chemistry.1,2,3 Courses of historical problem-
oriented learning were developed. So it could be assumed that the present students, especially future 
teachers of chemistry, are acquainted with finally some aspects of the historical development of chemistry 
and the input of several scholars. But is it a realistic rating? 
 
So we started to investigate a) the knowledge of the students about history of chemistry and b) the 
presentation of history of chemistry in the school book literature. We developed a short questionnaire for 
the future chemistry students of the 4th and 6th semester in which they were asked about chemists and their 
achievements. We took also into account that some of them were willing to visit later special courses in 
history of chemistry. The results were similar for both cohorts. Most of the students were unable to 
connect names with chemical discovery nor with the time of the discovery. 
 
In the second step about 20 modern school books of chemistry were reviewed with respect to mention of 
historical chemical facts. The analysis showed that a few number of chemists are mentioned, sometimes 
with biographical data. But in most cases it is difficult to understand the way to the discovery and/or its 
importance. Female chemists are disproportionately underrepresented.4 On the basis of these results 
proposals for modern instruction in chemistry including history of chemistry with an multimedia-
approach are discussed.  
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Chemical bonding is a crucial notion in chemistry and a challenge for chemical education. Educational 
research (Coll, 2001; Levy Nahum et al., 2010; Tsaparlis et al., 2018) shows that secondary school 
students develop a number of alternative conceptions related to chemical bonding. The difficulty of this 
topic is related to several issues, such as:  

i) the need for a range of different models, that has to be properly justified; 
ii) the limited comprehension of models and their use by students. In fact, a reflection on the nature of 

models, their purpose and their relationship with the physical realm is often disregarded by teachers 
and textbooks (Bergqvist et al., 2016);  

iii) the continuous transition between macroscopic, microscopic and symbolic levels (Johnstone, 2010), 
that is not always pointed out by teachers; 

iv) the lack of a unifying conceptual frame for the treatment of chemical bonding. In fact, student often 
perceive intra- and inter-molecular bonding as radically distinct phenomena and they do not realize the 
common electrostatic nature of any kind of bonding (Joki et al., 2018) 

Aim of this study is to design a teaching sequence on chemical bonding to be administered to high  
school students of the first- and second-year, by taking into account the results of educational research  

and bringing them into daily teaching practice 
(Bergqvist et al., 2016). The teaching sequence is 
designed according to the criteria summarized in 
the map alongside. The main teaching tools are: 
worksheets that propose several problematic 
situations to students (each work sheet aims at 
building up or reinforcing a specific notion); 
ITCs aimed at supporting the building up of 
crucial notions (such as the mobility of electrons 
inside atoms); short lab manipulations. The 
sequence is being tested in second-year high 
school classrooms; some preliminary results will 
be shown and discussed. 
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In Germany female students are still hesitant to choose a scientific career in STEM as can be seen in various 
studies. Women with a migration background are even more underrepresented in this professional field, 
with high income and ongoing, even growing demand. Several studies show that being female and having 
a migration background can be a “double disadvantage” in terms of career (s. Färber, Arslan, Köhnen & 
Parlar, 2008; Schiepe-Tiska, Simm & Schmidtner, 2016).  
DiSenSu (Diversity Sensitive Support; www.disensu.de; s. Markic, Prechtl, Hönig, Küsel, Rüschenpöhler 
& Stubbe, 2018) offers STEM vocational orientation for female adolescents with migration background. 
DiSenSu encourages and supports young females to take a closer look at the possibilities of a scientific 
career. In one hour long lasting one-to-one coachings job-relevant skills are tested, career preferences like 
importance of work/life balance are inquired and the females’ self-concept is looked at with the help of a 
newly developed digital tool. In a second part of the coaching program, the young women get a comic to 
study with a lab-scene, focusing on female prototypes with a migration background. This task is followed 
by a discussion with individual reflection of the results and personal coaching led by a female coach. 
DiSenSu is evaluated with a mixed-methods approach.  
The quantitative study is based on a computer-aided test of the digital tools: haptic skills, spatial 
visualization ability, career preferences. For the part of the ranking of career preferences, it was tested how 
well the students understood a pre-set of commonly used career preferences (Brinkmann, Kellermann & 
Prechtl, 2019). For the part of testing the ability of spatial visualization, different tasks of mentally rotating 
molecules were analysed regarding their perceived difficulty. The qualitative study of creating a suitable 
gender-sensitive comic bases on the focus group research method: focus group 1 consisted of experts for 
diversity, focus group 2 consisted of experts for STEM. To evaluate the group discussions, the interviews 
were prepared with MAXQDA and afterwards analysed comparatively. The presentation will focus on 
selected results of the quantitative and qualitative study. Moreover the resulting optimization is described. 
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Models are used in chemistry to represent submicroscopic phenomenon. If used appropriately, models can 
support students to develop a use symbolism to link the chemistry occurring on a submicroscopic scale 
with the observable phenomena on the macroscopic scale (Johnstone 1991). However an overreliance on 
using models in chemistry can limit student understanding (Taber & Watts 1996). Pre service teacher 
training should therefore support trainee teachers’ understanding of the nature of models (Gilbert & Justi 
2003). This presentation will explore findings on a two year project on how trainee chemistry teachers 
justify their use of models when teaching chemistry topics. 

In year 1 of the project (2018-2019) n=10 trainee chemistry teachers were involved in a four part study 
which highlighted their justifications for using models as part of their teaching.  Likert scale 
questionnaires, submitted lesson evaluations, and semi structured interviews were used as data collections 
points. Interviews were recorded using Livescribe echo smartpen technology.  To improve validity of this 
instrument interview questions previously used in the research field were used (Tsai 2002).

Student responses at each stage of the research project were coded by grounded theory using NVivo 12 
software.  Links between different codes were highlighted using Jaccard’s similarity coefficient.  

Results from year 1 of the project suggest students who engage in reflective cycles are more likely to 
develop a nested epistemology (a three way overlap between the teachers’ nature of science, their beliefs 
on how science is best taught and how science is best learnt). Development of teachers’ nested 
epistemologies has been linked with pedagogic expertise (Tsai 2002). This finding is potentially 
significant as previous research highlighted that an excess of 10 years teaching experience is required for 
teachers to develop a nested epistemology (Tsai 2002). Due to the sample size of the year 1 project, 
further investigation is required. 

In 2019-2020 the project was conducted at St Mary’s University (n= 22) and expanded to the University 
of Strathclyde (n =37). The aim was to ascertain whether promoting students to engage in reflective 
exercises on their teacher training course promoted a higher proportion of students achieving a nested 
epistemology. 

In this stage of the project termly tutorial reflections and teaching portfolios were coded using NVivo 12 
software. This presentation will highlight the findings of this stage of the project. 
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Explaining chemical reactions is essential in learning chemistry; however students need considerable support 
to understand how and why chemical reaction happen (Yan & Talanquer, 2016). Prior work (e.g., Authors, 
2017; Schwartz et al. 2009) have shown that when students are engaged in generating their drawings to 
model and theorise about a phenomenon, they develop a better understanding of phenomena and their 
explanations become more sophisticated. Different dynamics around drawing might leverage this process 
(Cooper & Stieff, 2017). While studies have focused on understanding the interaction between students' 
drawings and conceptual development, questions remain about the social processes that occur around this 
practice (Cooper & Stieff, 2017). The importance of social interactions for learning in different domains has 
become evident in the literature (e.g. Sfard, 2008; Kaartinen & Kumpulainen, 2002). Importantly, the 
benefits of learning in an interactive way can only be ensured through an effective communication (Sfard, 
2008). Yet, students can experience difficulty in maintaining an effective interaction, in part if they lack a 
common ground of exchange and struggle to follow each other's ideas (Sfard, 2008). Studies have shown that 
integrating drawings as part of the conversation works as a common ground for exchange (Heiser et al., 
2004). Drawings turn abstract and invisible entities into visual-spatial ones, helping to focus attention, 
insuring that both interlocutors are considering the same thing and facilitating conversational exchanges 
(Heiser et al., 2004). Despite the benefits that drawings seem to have on effective students' interactions and 
their importance for learning, studies examining the interplay between the students' interactions through 
conversation and through drawing are scarce and from our knowledge studies in the domain chemical are 
inexistent. Hence, the current study aims to analyse the social interaction between two students, through 
conversation (student-student interaction) and the interaction between the students and their shared-
generated-drawings. Data were collected by observation (video recorded) of one pair of 8th-grade students 
(13-14 years old) in a 90-minutes session, in which they collaboratively created drawings to model a 
chemical reaction. A fine-grain analysis of the verbal and non-verbal interactions of students was conducted 
in regarding to two dimensions: student-student interactions and the student-drawing interactions. To analyse 
student-student interactions, each student's conversational turn was coded for discourse moves (Kaartinen & 
Kumpulainen, 2002) and discourse interactivity, regarding Sfard (2008) commognition framework. To 
analyse student-drawing interactions, each conversational turn was coded for drawing moves (Parnafes, 
2010). Two independent coders obtained the reliability of coding. Preliminary findings suggest that students 
joined forces while they tentatively construct an explanation for how and why the chemical reaction happens, 
through an effective conversation; and drawing played an essential role in this process as a mediator medium 
in the conversational exchanges.     
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Guided active learning in chemistry (GALC) approach can be a successful teaching and learning strategy 
(Devetak & Glažar, 2010; Kolbl, 2019). With active engagement in learning process students should 
perceive learning of chemical concepts as meaningful. The most important aspect of this strategy is the 
three-stage model beginning with initial context in which students learn about the specific problem, this 
phase is followed by inquiry based learning and the final third phase is decision making, according to the 
knowledge obtained in the second phase (Farrell, Moog & Spencer, 1999). 
This study deals with students learning acids and base chemistry by working in groups using paper-pencil 
GALC modules with all the instructions that lead them using the three-phase model, each student has its 
role and teachers were just following their progression and helped them with specific questions when 
needed. 
Altogether, 383 13-years old students and 13 of their chemistry teachers (with average 23 years of 
practice) participated in the study. Students were, according to their formal-reasoning abilities and pre-
knowledge, evenly divided into control and experimental group. Quasi-experimental research approach 
was used in this research. Seven different instruments were used to measure students’ knowledge, 
situational interest, attitudes towards chemistry and collaborative learning. Students in both groups were 
taught the same acid and base concepts according to national chemistry curriculum. Students in the 
control group were taught by their teachers, using explanations, discussion and chemical demonstrations, 
however students in the experimental group used GALC learning modules. GALC learning modules for 
ten teaching periods of 45 minutes were developed and optimized during a pilot study. Students’ 
knowledge was measured three times – right after, one month and four mounts after the implementation 
of the GALC modules. 
Results show, that students in the experimental group achieved significantly higher knowledge after 
finishing the GALC modules and this knowledge was also significantly better after one and four mouths 
than in control group. GALC educational approach is also significantly more effective for students with 
lower levels of formal reasoning abilities. Students’ attitude towards chemistry and towards collaborative 
learning have not changed significantly during the implementation of GALC learning modules, but 
students situational interest stayed at the same level. 
It can be concluded that teaching and learning chemistry with GALC learning modules develop adequate 
students’ knowledge that is persistent during longer periods. This approach does not negatively influence 
students’ attitudes toward chemistry and collaborative learning, but they are constantly interested in 
learning in such a way. It is also important that also students with lower formal-reasoning abilities 
effectively develop pacific level of acid and base chemistry knowledge. Further, other chemistry topics 
could be developed for implementation according to GALC learning strategy and their effectiveness 
evaluated. 
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Light emitting diodes (LEDs) have been part of everyday life for many years, not least because of the 
gradual phase-out of conventional light bulbs in the European Union since 2009. They are regarded as an 
environmentally friendly lighting concept with high growth potential. The development of blue gallium 
nitride-based LEDs by Akasaki, Amano and Nakamura was honored by being awarded the Nobel Prize in 
Physics in 2014. But what is chemistry’s contribution to white lighting through LED? 

Most students and society are often not aware of chemistry’s role in 
development of white, energy-efficient LEDs. Luminescent materials 
(“phosphors”) like cerium-doped yttrium aluminum garnet (YAG:Ce) are 
chemistry’s contribution to sustainable, white and warm-white lighting 
through LED. The initial blue light of a blue primary LED is partly down 
converted by phosphors on top of the LED chip, resulting in yellow-green 
emission. Additive color mixing (blue + yellow-green) results in cold-white light generation (Xia und 
Meijerink 2017). The subject of light-converting materials such as YAG:Ce provides an good opportunity 
for a chemistry view on Education for Sustainable Development and System Thinking (Diekemper, Schnick 
and Schwarzer, 2019). Also, topics like Green Chemistry and state-of-the-art research for energy efficiency 
in context of Global Warming and the Anthropocene with reducing the human impact on earth’s ecosystem 
can be addressed. This challenge of the twenty-first century is strongly related to current chemistry research 
and directly affects everyday life. 

For this reason a school-student-friendly synthesis of the prominent luminophore YAG:Ce has been 
developed together with chemists in a conventional domestic microwave oven for school chemistry and 
out-of-school learning opportunities such as science laboratories for school students (Diekemper et. al. 
2019). On the basis of phosphor-converted LEDs (pc-LEDs) the interdependency of different scientific 
disciplines and the critical questioning of the related raw materials, especially rare earth elements, their 
lifetime and their possible recycling represents another important issue for sustainable development and is 
shown in this example from everyday life. Therefore, science communication approach bridges the gap 
between public awareness and the role of chemistry in everyday life products like LED. Aim of an 
accompanying empirical investigation during teacher training seminars is to find out, whether German 
chemistry teacher have an understanding of sustainability and they are motivated to implement sustainable 
topics related to chemistry in their chemistry classes. First results of the study will be discussed. 
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Misconceptions of chemistry concepts among high school students can be a barrier to 
completing the learning and understanding process in the classroom, especially regarding 
heterogeneous classes. The purpose of the current study is to evaluate the influence of the 
development and activation of Customized Pedagogical Kits (CPKs) that were designed to 
address students’ misconceptions in the heterogeneous chemistry class. The CPK aims at 
overcoming misconceptions (found during classroom instruction) by incorporating diverse 
teaching strategies that meet individual students’ needs. Using the pedagogy of differentiated 
instruction by implementing these kits should lead students to better understand chemistry 
concepts, and it might positively influence students' self-efficacy beliefs and attitudes toward 
chemistry and differentiated teaching among teachers and high school students in Israel. This 
is a mixed methods study, mainly based on quantitative research tools and data analysis; it 
includes Likert questionnaires for teachers and students, and knowledge questionnaires for 
students. The study also incorporates qualitative tools: teacher and student interviews and 
observations in classrooms. Preliminary findings from the first two years of data collection 
show significant differences in self-efficacy, attitudes toward chemistry, and towards 
differentiated instruction, and students' achievements regarding misconceptions in chemistry 
contents as a result of implementing the CPKs. The significant differences in teachers' and 
students' sense of self-efficacy, after implementing the differentiated teaching represented in 
the CPKs, as well as their attitudes towards the CPKs, and the possibility of their actual 
implementation, suggest that it is feasible to overcome the challenges of applying customized 
teaching, which are presented in the literature (Connor, Morrison, & Ikatch, 2004), 
(Heacox, 2002). 
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Sustainability is a major challenge to today’s world (UN, 2015). One of chemistry’s responses to react to 
the demand for more sustainability in chemistry research and its related industries is laid down in the 
concept of green chemistry (Anastas & Warner, 1998). Sustainability thinking and green chemistry started 
to change the way chemistry is and should be conceptualized in the 21st century. Chemistry should change 
towards, e.g., environmentally benign products, more energy efficiency, or production of less and less 
hazardous waste. It is suggested that green chemistry implies that also change needs to come how chemistry 
is taught (Burmeister & Eilks, 2012). A change towards green and sustainable chemistry education was, 
again, recently suggested also in the Global Chemicals Outlook II by the Environmental Program of the 
UN (UNEP, 2019). It seems so far, however, that the introduction of green chemistry into teaching is mostly 
restricted to selected cases at the higher educational level. In the means of chemistry education for all, this 
presentation discusses an initiative to thoroughly integrating green and sustainable chemistry thinking into 
education starting from the high school level (Linkwitz & Eilks, 2019; under review). It presents a cyclical 
curriculum development project based in participatory action research (Eilks & Ralle, 2002) to change the 
senior high school chemistry curriculum in Germany. Basics of the project, the current curriculum design, 
and first findings are reported. First findings indicate that an orientation of high school chemistry teaching 
along green and sustainable chemistry has potential to improve students’ motivation and to change their 
attitudes towards modern chemistry in a positive way.  

Key words: high school chemistry, curriculum, green and sustainable chemistry 
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Topic, objective and goal: This study examined students’ online learning behavior in chemistry courses 
delivered through an information-rich Moodle LMS (Learning Management System) environment. 
Through the LMS students can access recorded video lessons, participate in a discussion group, view lesson 
presentations, complete exercises and more. The variety of learning resources provides students an 
opportunity to apply different learning strategies. We study three undergraduate chemistry courses offered 
at the Open University of Israel between 2016 and 2019 with a total of 1800 students. The goal of this 
research was to explore how different students organize the learning process and use the different online 
resources. Methods: The research applied a mix methods approach, combining educational data mining 
(EDM) and semi-structured interviews. We first analyzed the course activity reports generated by the 
Moodle system. These reports included various data on student activities in the course website. For 
example, timestamps of each activity, counts of entrances to the website or specific videos, and content 
added by users. We used this data to learn about students' behavior and identify which learning resources 
drew more attention than others. Beginning in the 2017 fall semester, we divided video recordings in one 
of the courses into short sections of 20-30 minutes before they were uploaded to the course LMS. Dividing 
the video recordings allowed us to pinpoint the topics students played more or less than others. 
Subsequently, we used interviews data to evaluate how students organize their learning activities and make 
use of their time. Results: A) Our findings show that the same learning patterns were found in all courses. 
B) We found that there are "popular" learning resources that were opened by over 70% of the students at 
least once. In contrast, “unpopular” learning resources were opened by a lower percentage of students, less 
than 30%. C) The number of students who played a specific video at least once decreased during the 
semester, regardless of the video length. D) From the interviews we learned that students organized their 
learning around one of the following learning resources: course textbook, face to face lessons/online 
lessons, video lesson recordings or the course assignments. In addition, we learned that having a wide range 
of learning resources can also be a disadvantage, since it tends to overwhelm the students. E) Students who 
succeeded in the course (submitted the mandatory assignments and passed the exam) were found to have 
different online behavior patterns than those who did not succeed in the course. The most significant 
difference was in timing and frequency of access to the learning resources. Discussion and conclusion: 
The study highlights an important advantage of analyzing online activity reports, which can identify the 
frequency and timing of material usage and thus its relevancy for the students. Despite the similarities in 
online learning behavior, the EDM method makes it possible to differentiate between successful and 
unsuccessful students. In addition, we did not find that the length of the video lessons changed the likelihood 
of video plays during the semester.  
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Several reasons have been linked to the high percentage of failure when it comes to Sciences Technology, 
Engineering and Math (STEM) subjects for college freshmen. The Higher Learning Commission in its 2013 
annual conference did find that the leading factor, motivation, seems to play a major role to inspire students 
to get involved with the course work. Much research, in both academic journals and mainstream magazines, 
has been published on how the traditional methods of lecture are neither engaging nor robust enough for 
learners, particularly in STEM [1]. One study indicates how college students in STEM classes with 
traditional lectures are 1.5 times more likely to fail than those registered in classes with active learning 
exercises [2]. We are exploring in this paper, the Game-Based Learning method (GLB) as a promising 
platform to assist students in their transition from High school to College levels courses. We consider in 
detail the fundamental reasons why biologically, culturally and philosophically playing becomes in an 
essential tool to engage the real world without having to assume the risk of unwanted consequences while 
getting a very close taste of the real phenomenon and still learning from that proxy experiences. 
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Due to the rising digitisation, mobile devices are becoming increasingly important in schools (Frechette & 
Williams, 2016). According to Rikala et al. (2013), tablets in particular have special potential for using
digital media in teaching. In addition, digital media offer a wide range of possibilities for individualisation 
and differentiation (Tulodziecki & Grafe, 2012). Regarding science teaching, tablets can especially support
the learning process and the experimental phase (Huwer et al., 2018).

In this study, we evaluate a digital learning environment that deals with the introduction of the basic concept 
of chemical reactions for the initial tuition chemistry at comprehensive schools (age 13 to 14). For this
project, we modified a laptop-based learning environment (Baumann & Melle, 2019) for the use on iPads.
Starting with the input phase, the students work individually with the learning environment. In the 
subsequent internalisation phase, the contents learnt are to be consolidated. This phase concerns the 
comparison of two different internalisation methods in which the students work in pairs: Half the students 
work on tasks relating to the previous chapters, while the other half creates their own explanatory videos.

Up to now, the learning environment and the test instruments have been tested in a first pilot study (N = 48).
The students rated the digital learning environment as very attractive. Furthermore, there are indications 
that students who created an explanatory video rated the internalisation phase more positively than those 
who worked on tasks. After the input phase, we found a significant increase in knowledge with a large 
effect size. However, after the internalisation phase there was no additional significant increase in both 
groups. Based on these results, we currently revise the knowledge test. As we expect a further increase in 
expertise knowledge in the internalisation phase, we particularly add open and more demanding questions.
Consequently, we will carry out another pilot study before the main study takes place. In addition, the effect 
of the learning environment on different types of learners will be analysed.

In summary, the learning environment in the input phase turned out to be suitable for the students. By 
improving the learning environment and test instruments, additional effects should become visible. At the 
conference, we will present the research questions, the study design and first results.
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Introduction. High School students often find difficulties when performing molar or stoichiometric 
calculations. A number of factors clearly contribute to students' performance in chemical calculations, 
these being conceptual, numerical or problem solving in nature (Scott, 2012). The utility of formative 
assessment for improving student performance is acknowledged in the literature. Formative assessment 
refers to frequent, interactive assessments of student progress and understanding to identify learning 
needs and adjust teaching appropriately (Yalaki, 2010). Among other things, the following principles of 
good feedback practice in formative assessment have been identified: 1) it helps clarify what good 
performance is, 2) delivers high quality information to students about their learning, and 3) provides 
opportunities to close the gap between current and desired performance. For formative assessment to 
work in practice, however, feedback must ‘connect’ with students (Higgins et al., 2002), and encourage 
positive motivational beliefs and self-esteem. As part of their teacher training programme, student- 
teachers at Delft University of Technology (The Netherlands) developed a formative assessment tool for 
chemical calculation, following the principles of good feedback practice.  

 
Method. One of the student-teachers (Author 3) used structural 
gamification for formative assessment to motivate students to 
complete more learning tasks. She developed a skill tree, including 
stars and levels to track student progress (Figure 1). Encouraging 
peer dialogue and peer feedback (to promote a sense of ownership 
and motivation), her students worked in small groups. As a teacher, 
she delivered the tasks, per level, and provided oral feedback. To 
investigate students’ experiences with respect to the skill tree as a 
formative assessment tool, they were asked to complete a learner 
report. 41 student learner reports were qualitatively analyzed with 
Atlas-ti software by the three authors.  
 
Figure 1. Skill tree 
 

Results. The students reported learning/development in three categories: Science Knowledge, Self-
awareness, New Insights. Regarding ‘Science Knowledge’ (coded 68 times): Most of the students (f= 18) 
reported that they learned ‘how to calculate mole’. Secondly, they learned ‘calculating number of 
molecules’ (f=13). They also learned ‘using Avogadro’(f=11). Regarding ‘Self-awareness’(coded 30 
times): Many students (f= 17) developed ‘an awareness where they are good in’. Some students (f=5) 
reported that they have ‘difficulty to understand the questions correctly’. Interestingly, one student 
mentioned that she learned ‘how to learn’. About ‘New Insights’(coded 34 times): Many students (f= 20) 
developed ‘new understanding regarding science concepts’. More results will be presented at ECRICE. 
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Faculty and graduate teaching assistants play a central role in supporting student learning in general 
chemistry through evaluating formative and summative assessments. We asked faculty and graduate 
student instructors to evaluate the same sample student responses to a summative assessment question and 
found high variation in assigned grades. We attempt to explain this variation by discussing the possible 
choices and types of approaches to grading that faculty and graduate student instructors take in assessing 
students’ written work. Summarizing the decisions results in a framework of four major procedural steps 
that each have a series of components with options, resulting in more than two thousand combinations 
that affect grading. We discuss the implications of this framework and the possibilities for utilizing this 
framework in self-reflection and professional development.  
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Even though inquiry-bases science education (IBSE) has been considered an essential element of science 
education for several years, only about one quarter of Austrian chemistry teachers state to have applied 
IBSE at least on one occasion in their own science classes (Hofer, Lembens & Abels, 2016). The reason 
for this is not only a lack of resources, but also the teachers’ uncertainty regarding the implementation of 
IBSE. This uncertainty is quite understandable as researchers acknowledge that “the pedagogies required 
to implement [IBSE] are much more complex than the direct transmission of knowledge to students via 
textbooks or lectures” (Barron & Darlin-Hammond, 2010, p.212). To encourage teachers to implement 
IBSE nonetheless, they need to be introduced to possible ways of dealing with this complexity. 

Taking up this issue, we aim at developing learning environments for IBSE, made for students’ independent 
work. In so-called inquiry boxes, we provide task sheets and materials of self-contained learning units. 
Engaged by the contents of the boxes, the students are supposed to investigate several questions by working 
on tasks and conducting small investigations (Puddu, Koliander & Spitzer, submitted). As these tasks are 
designed in such a way that they allow students to work almost independently, teachers gain the opportunity 
to consider their students’ diversity by applying appropriate measures of scaffolding (Hammond & 
Gibbons, 2005). Several measures at the macro level are already included within the boxes so that teachers 
can address their students’ individual needs by applying appropriate micro-scaffolding. 

In our presentation, we will provide an insight into the design principles for our inquiry boxes and discuss 
the findings we gained from the implementation in real science classrooms. Moreover, we present some 
revisions of already applied boxes and discuss the challenges we faced when realising the digital learning 
environment for our inquiry boxes. 
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Professional development can be a critical factor for the very growth of (pre-service) teachers as well as 
their students’ results (Lowden, 2005). Furthermore, teacher’s ability to reflect on teaching is one of the 
basic attributes that enhance quality of teaching. However, it cannot be assumed that teacher students will 
be equipped with these competences without this aspect being developed during their pre-service training. 
One of the possible opportunities to explore this area are preparation courses focused on the concept of 
professional vision (Goodwin, 1994) which appears in pedagogical literature in terms of students’ ability 
to reflect on teaching (Lefstein & Snell, 2011). Another key component of the teaching process is the 
teacher self-efficacy. It seems that if a teacher perceives realistically and positively his/her personal 
efficacy, it can be easier to achieve the desired goal (Zee & Koomen, 2016).  

The aim of the presented study is to evaluate the effectiveness of a university course Observation Practice 
focused on forming chemistry teacher students’ professional vision, i.e. their ability to notice key aspects 
of educational process as well as evaluate the quality of the aspects and suggest possible improvement if 
needed. The course consists of regular visits in a school, lesson observation, subsequent lesson analysis in 
a group and finally individually elaborated written reflection of the lesson. The development of the students’ 
professional vision is evaluated based on three aspects in this study: shift in the students’ assessment of 
their self-efficacy, difference between the quality of the same video-recorded lesson reflections and quality 
of the lesson reflections and last but not least interviews with the students. In this contribution, the first 
aspect is taken into account. A self-efficacy questionnaire based on the Banduras’ (1997) research (4-point 
Likert-scale: true, rather true, rather false, false) was given to the students (N = 24) at the beginning of the 
course and at the last meeting (data from two academic years 2018 and 2019, winter semester). The results 
show a significant shift in the students’ self-
large effect of the shift. The course had a positive effect on different aspects of the students’ professional 
vision. 
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In the United States, introductory chemistry courses experience severe differences in how likely students 
are to succeed based on their racial, ethnic, or socioeconomic backgrounds—known as ‘equity gaps.’ Due 
to chemistry’s broad interdisciplinary applicability, these equity gaps form a severe barrier for academic 
success in science, technology, engineering, and math (STEM) programs broadly. Thus, in order to 
support the success and retention of all STEM students, and prepare the next generation of scientists, it is 
crucial to improve student outcomes in introductory chemistry.  

Here we investigate the impact of pedagogical reform in large, introductory chemistry lecture course 
through a cross-sectional, quasi-experimental mixed-methods study. Northern Illinois University offers 3 
concurrent sections of introductory chemistry (CHEM110). This course displays a diverse student body 
and experiences severe equity gaps. For example, in Fall 2018, 84% of White first-year CHEM 110 
students received a C or better, compared to 58% of Black and 54% of Hispanic students. In Fall 2019, 
one CHEM 110 section was taught with reformed educational practices using social constructivist and 
deliberate practice learning theories. Using the other two “traditional” sections as comparison groups, we 
assess the impact of this reform through detailed qualitative and quantitative means, as shown in Figure 1.  

 

Figure 1: Analysis of course pedagogy and student outcomes for each section of CHEM 110.  

This gives us unparalleled detail in describing (1) course teaching practice similarities and differences 
between sections; (2) the correlation between course practices and student learning outcomes (e.g. grades 
and chemical reasoning); (3) the correlation between course practices and student affect.  
 
Our results show the most dramatic effect in student affect. Students in the traditional course sections 
experience a significant shift towards negative attitudes, more frequently describing chemistry as 
“unpleasant,” “frustrating,” “uncomfortable,” and “complicated” at the end of the course than they did at 
the beginning.  Students in the reformed course experience a significant shift towards positive attitudes, 
more frequently describing chemistry as “pleasant,” “satisfying,” “comfortable,” and “easy.” These 
results contribute to the growing body of research regarding evidence-based constructivist and active 
learning pedagogies, and highlight the importance of student thoughts, feelings, and experiences.  
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Science curricula are changing in Ireland and across Europe, many focusing on development of inquiry 
skills and thus fostering a more integrated understanding of conceptual knowledge. Thus, this research 
project investigates the role of metacognitive teaching and learning strategies in promoting conceptual 
understanding in Chemistry. It also seeks to evaluate the ways in which assessment can be used to facilitate 
higher levels of conceptual understanding. A Metacognitive Teaching Plan was developed by the 
researcher-practitioner to this end. It was piloted in the academic year 2018-19 and is being implemented 
during the current academic year (September 2019 – June 1010) with a group of 24 second level students 
aged 16-17 studying Chemistry. Its implementation is being evaluated through analysis of student 
engagement, discussion and written work in the classroom as well as through a range of metacognitive 
assessments.  

Georghiades (2004) identified an emerging theory-practice gap – which still exists today – where academic 
studies highlight the value of metacognition for science learning but attempts to bring metacognition into 
ordinary classrooms are rare. In agreement with Georghiades research, Thomas (2012) argues that while 
there are few researchers who question the importance of metacognition, the recognition of this importance 
is not reflected in teachers’ or teacher educators’ practices. Thomas (2012) also stresses that the extent to 
which teachers themselves are metacognitive is not clear and calls for more research on teacher 
metacognition because it might enable increased effectiveness of professional development in this area.  

Consequently, this research project has a number of aims related to teaching and assessing for 
metacognitive learning. The first is to develop a metacognitive teaching plan for chemistry education and 
evaluate its implementation. The second is to evaluate how assessment can encourage and facilitate higher 
levels of conceptual understanding.  The third is to examine the metacognitive learning of students, and the 
role that student motivation might play in this regard. The overall goal of this project is to help to bridge 
the gap between research findings and practice in chemistry education.  

The methodology used in this project is mainly interpretive, as it is concerned with theory building rather 
than hypothesis testing. Interpretive methodology in an educational context involves classroom 
observation, interviewing of students and teachers, and the construction of case studies. Some quantitative 
data (metacognitive assessments) are also incorporated into this methodology.   
 
Preliminary analysis has highlighted the development of the teacher’s own metacognitive awareness within 
the context of an inquiry led classroom.  Detailed results of student’s conceptual development will be 
presented at ECRICE 2020. These will be discussed in the context of science curricula, and bridging the 
gap between theory and practice.   
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Today, digital media are an indispensable part of our everyday lives and are therefore more and more 
important for school education (Fraillon et al., 2014). In addition to an abundance of different digital tools, 
tablets in particular are increasingly being used in teaching. They are seen as a valuable addition to the use 
of digital media, especially in secondary schools (Rikala, Vesisenaho & Mylläri, 2013). Besides the use of 
a variety of apps, tablets make it possible to create digital learning environments in which students can learn 
at their own pace and multimodally via different sensory channels (Huwer, Bock & Seibert, 2018). Tablets 
thus also have great potential to individualise and support students in increasingly heterogeneous or 
inclusive learning groups (Meyer, Rose & Gordon, 2014). With regard to the effectiveness of digital 
learning environments, however, there is still a need for research, firstly in chemistry teaching and secondly 
in the context of a heterogeneous student population (Hughes, Ko & Boklage, 2017). 

Against this background, in this project the effects of tablet-based chemistry teaching in comparison to 
analog chemistry teaching are to be investigated. For this purpose, we develop and evaluate a tablet-based 
learning environment for lower grades in secondary education (age 13 to 14) as well as analog teaching 
materials, which are identical in content and construction. Regarding the design of the teaching unit, we 
follow the concept of Universal Design for Learning (UDL; CAST, 2011), a concept for joint learning of 
students with and without special needs. After a short introductory video, the teaching unit mainly consists 
of an experimental phase and a theoretical phase. The aim of the study is to investigate the effects of the 
use of tablets compared to analog teaching material in these different teaching phases. To do so, we 
determine the expertise knowledge (MC-Test, 24 items, α = .795) previous to the teaching unit and after 
every single teaching phase. Moreover, the students' attitudes (Likert scale, 10 items, α = .871) towards the 
teaching material as well as the cognitive load (Likert scale, 10 items, α = .834) are retrieved after each 
teaching phase. 

So far, two pilot studies have been carried out. These studies show that the teaching materials lead to an 
improvement of the expertise knowledge. Furthermore, the test instruments are reliable. The main study 
will be concluded in the beginning of 2020. At the conference, the research questions, the design and the 
results of the main study will be presented. 
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Experimento is the Siemens Stiftung’s international education program which 
addresses STEM teachers specifically. It consists of different modules, 
Experimento | 10+ for example appeals to learners between 10 and 18 years. 
Teachers in various countries can already access the contents of Experimento 

within professional development programs. These focus on practical exploring on the topics energy, 
environment and health, which are highly suitable for chemistry education and other STEM subjects. 

Currently, the Experimento teacher training program in Germany is undergoing further development. The 
aim is to create a blended learning course with analogue and digital content as well as linkages to IBL. Still, 
the focus lies on practical testing of the experiments during two days of attendance. In addition, introductory 
online-based facultative elements are being developed. These deal with different topics: I. Implementation 
of value aspects in science lessons, II. Dealing with heterogeneous classes and III. Computational Thinking. 
The teachers must select two of these three modules before the beginning of the entire course.  

As it is usual for a blended-learning-setting, digital and analogue phases alter, which means, that the 
teachers have a look at a facultative element before attending the workshop. The facultative elements 
comprise for example general information about the topic and videos of authentic situations in school class. 
They are also linked to the Siemens Stiftung’s Media Portal which provides numerous Open Educational 
Resources (OER) for STEM teaching (Siemens Stiftung, 2019). 

The related research is broadly based on the four levels of evaluating training programs (Kirkpatrick, 1998). 
According to these levels, it will first be investigated whether the participants are satisfied with the program. 
Second, a look is taken on the development of educational knowledge. Furthermore, the research examines 
if the participating teachers changed their behavior; to be more exact whether they promote student 
experiments more intense than the control group. Another question concerns the sustainability of the course. 
This means it will be examined if the materials used in the training will also be used in school over a period 
of time. The study design consists of a pre-test immediately before the first online-based facultative element 
and a post-test directly after the second day of attendance. Additionally, a logbook will be used to examine 
in which way and how often the Experimento materials and methods are in usage. Preliminary results of 
the study will be presented at the conference. 
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Teachers play an important key role in promoting environmental education in the school and 
are also required to provide students with the knowledge and skills needed to train a generation 
that is responsible for the environment. In Israel, as in many countries, environmental education 
is not a compulsory subject. Environmental education is included in the school's curricula to 
integrate environmental principles and values and responsibilities. In recent years, 
environmental education in the world has become increasingly prominent in high school 
curricula. One of the important contributions that chemistry can make is to prepare students to 
deal with environmental issues from daily life, such as water pollution, air pollution (Mandler 
et al., 2012). This study explore Arabic Israel Chemistry teachers’ views about environmental 
education in chemistry curriculum. The purpose of this study was to examine and characterize 
the environmental education components in the chemistry curriculum in high school as 
reflected in the attitudes and perceptions of chemistry teachers in high school. Also, to check 
the importance that teachers attribute to the curriculum on environmental education issues, and 
examine what topics they would like to see within the curriculum, and what topics to exclude 
as well as the placement of these topics within the chemistry topics. These variables were also 
examined with regard to background variables in teachers, such as gender, seniority, and type 
of academic degree. In the framework of the research, interviews were conducted with 25 
chemistry teachers from the Arab sector, experienced, who serve students for matriculation 5 
study units. The main research tool was a "semi-structured interview". The study was conducted 
using a qualitative approach. Data analysis was a content analysis, focusing on the findings of 
the research using the categorization method. The findings of the study indicated a great deal 
of agreement and similarity between the views of the teachers on the extent to which the subject 
of environmental education was integrated with chemistry. All the teachers interviewed 
reported insufficient integration of environmental education topics in chemistry, and the 
curriculum in chemistry does not include the principles of environmental education for 
students. In addition, the findings showed that there is disagreement among the teachers about 
the proper placement of environmental education topics in the chemistry curriculum. In 
addition, the findings of the study showed that teachers 'background data affect teachers' 
awareness, desire, and consideration when integrating environmental education topics in the 
course of classroom chemistry. The study has a number of conclusion. The main conclusion 
that emerges from the study emphasizes the importance of improving and updating the 
curriculum in chemistry for high school which will emphasize and include more elements of 
environmental education within it, due to the necessity of the subject, and that teachers' attitudes 
towards the curriculum of the Ministry of Education should take a more realistic place among 
Ministry of Education decision markers. 
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An important and significant part of inquiry-based instruction and the development of scientific literacy is 
played by teachers (Crawford, 2014). However, many teachers consider hands-on activities, any kind of 
students-centered activity, such as students’ formulating questions or any slightly informal form of 
instruction to be inquiry-based teaching (Capps, Crawford, 2013; Parise, Spillane, 2010). Opportunities 
for their self-reflection and collaborative reflection support new approaches which are being 
implemented, inquiry-based teaching among them (Lebak, Tinsley, 2010; Moore-Russo, Wilsey, 2014). 
The presented study focuses on retrospective self-reports of 14 science teachers about teaching inquiry 
lessons in their regular science classes. We wanted to identify skills of science teachers to look back 
critically on their classroom practice and identify relevant events in inquiry-based instruction. Their self-
reports were compared with observation reports of experts (Borda Carulla, 2012). Data from semi-
structured interviews were added. Our results show that teachers do not understand the nature of science 
and consequently the process of how knowledge evolves in the research. They overestimated their 
performance in the class in all observed areas of inquiry instruction. The most misinterpreted and 
overestimated area by teachers seems to be formulating research questions, analyzing data and drawing 
conclusions, the most effective process in student learning. Based on the results of the study, several 
implications are suggested in order to focus on the self-reflective skills of teachers. 
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The atomic/molecular model is commonly introduced using visual representations and verbal 
explanations (e.g., Nussbaum & Novick, 1982; Gobert, 2005). Learners' reactions to verbal and visual 
representations is rooted in dual-coding theory, showing that images and verbal content are processed in 
two parallel cognitive systems (Paivio, 1991). Thus, the objective of this study is to examine whether 
equivalent visual and pictorial assessment items tap the same reasoning patterns among students. 

We created matching pictorial representations to the verbal multiple choice items of Hadenfeldt et 
al., (2016). We then randomly assigned 7th grade students to questionnaires containing ten equivalent 
pictorial and verbal items and four identical "linking" items, (i.e. one group received the pictorial format 
and the other received the verbal format of the same items). 235 students from 3 Israeli schools responded 
to the questionnaire. The proportions of responses to the four linking items were almost identical in the 
two groups, indicating that the two groups were at similar knowledge levels. However, the proportions of 
students who chose each option in the verbal format and the pictorial one differed significantly. 

Julie wants to sleep but the dripping faucet in the bathroom in the room next door 
keeps her up. While she lies in her bed, she wonder about the composition of the water 
drops. How do you think the particles of which water is composed look like?  

Pictorial Format: 

   A         B          C         D           E 

Verbal Format: 
A. The water contains many particles that 

look like water drops.  
B. There are no particles in the water drops 
C. The water particles look like water drops 

and are surrounded by air.  
D. The water particles look like small balls 

immersed in water.  
E. There are many tiny water particles in a

drop of water that do not look like droplets.
 

 

The histogram on the right shows that almost one quarter of the students (26/123 in blue) chose option C 
in the verbal format ("the water particles look like water drops surrounded by air") and only a few did so 
in the pictorial format (4/112 in red). Conversely, the proportions of students who chose options D or E 
were significantly higher in the pictorial format. Chi-squared tests revealed that in eight of the ten 
questions there were significant differences in the response patterns between the two formats. This 
indicates that representing the atomic/molecular model pictorially taps different reasoning patterns among 
students and questions the validity of assessments with only verbal or only pictorial test items.  
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Science and technological education in primary school has diverse aims. They reach from providing 
opportunities for basic learning and experience gain over preparatory steps for understanding biology, 
chemistry and physics in secondary school to initiating the development of scientific literacy. For primary 
teachers, it is often a challenge to choose and reflect on suitable topics and methods to design effective 
learning environments, especially when it comes to chemical topics. Because they often do not have a 
university degree in science, primary science teachers frequently rely on textbooks to prepare their 
lessons. For this reason, textbooks for primary science education should be especially correct and 
coherent in terms of scientific concepts and appropriate in relation to the target group. The recent analysis 
of seven most widely used science textbooks for primary school in Austria reveals that, in many cases, 
chemical aspects are spread unsystematically over different chapters which makes it very difficult for 
teachers and students to develop coherent scientific concepts (Nosko et al., 2018). These findings were 
the motivation to develop a set of new teaching material focusing on the topic of ‘acids and bases’. The 
topic ‘acids and bases’ was chosen because it allows connecting chemistry-related phenomena and 
everyday experiences of young students with inquiry-based learning and the opportunity to foster basic 
conceptual understanding. The developed material consists of a booklet with ten stories, and a folder 
containing worksheets for students and accompanying scientific and didactic information for teachers. 
The ten stories in the booklet introduce the reader to ten everyday situations in the life of Leo, a nine-
year-old girl. Each story focuses on a different aspect in the field of ‘acids and bases’ and leaves Leo a 
little bit puzzled, saying “Curious!”. At the end of each story, readers find some suggestions on what they 
could do now. These suggestions are meant for learners who read the booklet on their own and do not 
have support of an adult. For use in the classroom, the teachers’ materials contain worksheets for learners 
that enable them to gain experiences and conduct suitable investigations to achieve insights in the scope 
of ‘acids and bases’ in everyday life. To support teachers in designing environments for conceptually 
coherent and successful teaching, we provide well-structured scientific background information 
interlinked with didactical considerations. The first evaluation cycle starts in spring 2020 with different 
focus groups: a) in-service professional development courses, b) pre-service teacher education courses, c) 
classes in primary schools. For data collection, we use questionnaires and structured participant 
observations. The findings will be used to revise the booklet and the teaching material. In the talk, we first 
introduce the teaching material Leo and its underlying concept, and then present selected findings of the 
first evaluation cycle. 
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science teaching in primary school. Progress in Science Education (PRISE), 1(2), 9. 
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To foster students’ competences in scientific inquiry, it is important to understand their performance in 
science labs. The purposes of this study were to investigate systematically the learning opportunities for 
fostering scientific competencies, the features of students’ learning difficulties in 2-year inquiry-based 
science labs, and then to produce the learning progressions (LPs) for scientific inquiry for guiding the 
teaching in science labs. Three teachers participated in this project which aimed to foster students’ 
scientific competences through designing learning tasks. One thousand eight hundred worksheets from 56 
experimental activities in 2-year physical science curriculum (grade 8 and 9) were collected and analyzed. 
Each learning task was coded as one scientific competence. The development of the coding scheme 
including 20-item competences in 3 dimensions was based on PISA2015 scientific literacy assessment 
framework (OECD, 2013) and the scientific inquiry assessment framework (Cuevas, Lee, Hart, & 
Deaktor, 2005). Besides, the difficulty of the learning task and the difficulty values of competences were 
defined by students’ answer rates. The results revealed that the learning opportunities for fostering 
students’ competences were rather unequal (explain: design: interpret=1:2:1). Meanwhile, recording data 
was the most dominant learning task. The data of students’ performance showed that the difficulty values 
of the competences of ‘analyzing and interpreting data and drawing appropriate conclusions (I2)’ and 
‘recalling and applying appropriate scientific knowledge (E1)’ were not low (Fig 1). Obviously, most of 
students needed teachers’ explanation to understand how to interpret data and generate results or to recall 
and apply learned scientific knowledge to explain phenomena. Three features of learning difficulties were 
lack of coherence awareness (i.e. Students are not able to connect previous learned knowledge (element) 
to the learning task.), lack of procedural and epistemic knowledge (i.e. It may be the main reason that 
students were not able to interpret data and make appropriate conclusion.), and lack of easy inquiry 
activities to experience full inquiry and equip essential procedural and epistemic knowledge. Three 
figures which showed students’ performance and development of scientific competences in 2-year science 
labs were summarized to build the learning progression for scientific inquiry to guide teaching in labs. 

Keywords: scientific competence, scientific inquiry, learning 
progression 
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During the International Year of the Periodic Table 2019 (IYPT 2019), the history of the periodic system 
has been celebrated all over the world. The IYPT 2019 was an opportunity to nuance the popular view 
that the periodic system only exists in table form, and that it was discovered by one genius, Dmitri 
Mendeleev. At NTNU in Trondheim, the model of Sir William Crookes, built by his assistant, James H. 
Gardiner, was one of the alternative shapes of the periodic system that was presented in exhibitions and to 
students. During autumn 2019, science teacher students who took a history of science course were 
assigned to prepare a physical model of Crookes’ periodic system for display in the Natural Science 
Library. 
 
It has been argued that studying the history of chemistry (or science) may contribute to the understanding 
of chemistry as a dynamic process rather than a set of theories or laws, and many other aspects of the 
nature of science (NOS).1, 2, 3, 4 Crookes’ model, which was named Vis Generatrix, exemplifies the many 
discussions on the periodic system in the late 19th and early 20th centuries, not only with respect to shape 
but also of what the system really represented, and how to accommodate all the chemical elements.  
 
In this paper, I will discuss our experiences with building this particular historical model, and some of the 
lessons we learnt from interacting with it. Groups interviews with the students who took part in the 
project gives insight into the process of preparing the Crookes’ model, and what aspects of the nature of 
science the students grasped from learning about, and building an alternative model of the periodic system 
from 1898. Overall, the study contributes to the understanding of the relevance of history of science and 
the use of historical collection in science teaching at tertiary level.   
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Inclusion is one of the main topics which has been recently discussed in education. Inclusion and inclusive 
teaching by definition do not exclude anyone from education. Exclusion means the missing or limited 
participation in education, cultures or communities (UNESCO, 2005). However, a dialogue between 
domains of inclusive pedagogy and specific subjects rarely occurs. In the field of science education, for 
example, only a few studies and publications focus on the relation of inclusive pedagogy and the subject 
(Abels, 2016). In classrooms students are often addressed as homogenous learning groups, although it is 
obvious that every student has a unique personality, which is influenced by his/her individual biography 
and everyday experiences and determines his / her individual learning conditions and pathways at the same 
time (Taber & Riga, 2016). Thinking from the inclusive perspective, a scientific content should be chosen 
that has a meaning for all students in a diverse learning group and also – but not only – includes important 
science aspects. The curriculum which will be presented in this paper consists of inquiry-type socio-
scientific issues to contextualize chemistry content learning in different cultures, to approach a diversity 
of students, and to addresses technological and environmental challenges in socio-scientific issues-based 
science education for all. Can used oil be the next generation fuel?, and Plastic: Good or bad? will serve 
as examples to learning materials which were developed in this curriculum. The implementation of these 
learning materials was accompanied by a study, including interviews with students. The interviews 
enabled the researchers to conclude about the contribution of studying these learning materials to the 
perception of relevance, to a better awareness of environmental and sustainability issues, and as a result 
– to the education of scientific literate citizens (Mamlok-Naaman, et. al., 2015). We echo Menthe et al. 
(2017, p. 801), and believe that: “Science education contributes successfully to inclusion by supporting 
all learners – while appreciating their diversity and their learning prerequisites – to participate in 
individualized and collaborative subject-specific teaching-learning processes for the development of 
scientific literacy.” 
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Gardner has proposed that many course topics can be introduced in a compelling way, through a number 
of ‘Entry Points’, which are mapped to his descriptions of multiple intelligences (Gardner, 1999).1 These 
entry points do not necessarily have to be directly related to the course content to follow, but should ‘hook’ 
the students and grab their interest. This initial spark of engagement can then be harnessed throughout the 
formal course.

Chemistry, organic chemistry and more specifically, organic synthesis in this case, can be a difficult topic 
to introduce and gain traction on, as fluency in chemical structures must be acquired initially before the real 
leaning can begin (Childs, 2017).2

In this oral lecture, three Entry Points to Learning are described 1) Research and Laboratory-Led Teaching: 
A study from University College Cork, Ireland and the Vienna University of Technology, Austria
(McGlacken, 2019)3 2) The Faces of Organic Chemistry and 3) The Organic Chemistry in the TV Series 
Breaking Bad.

All three of these diverse approaches have proved successful, to attract and retain students in organic 
chemistry. Finally, the ‘enjoyment factor’ which clearly emulated from these projects dramatically 
enhanced the overall learning experience.
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The aim of this research was to investigate the attitudes of fourteen-year-old students towards 
science, scientific-research work and the importance of scientific work. The following research questions 
were raised:  
(i) What are students’ views on science and scientific-research work?  
(ii) What are students’ attitudes towards the contribution of scientific work to the development of an 
individual and the society?  
(iii) What are students’ preferences towards science?  
 A total of 275 students (146 boys and 129 girls) from six primary schools in Belgrade participated 
in this research. The research instrument was a questionnaire through which the following data were 
collected: (i) students’ views on science, experiments and the main activities of scientists in natural and 
social sciences; (ii) students’ attitudes towards the importance of scientific work for an individual and the 
society; (iii) if there were some scientists and scientific discoveries that had made an impression on 
students and if they themselves wanted to pursue a career in science in the future. 
 Based on the answers to the question What is science? it can be concluded that a larger 
percentage of students perceives science as dynamic (the answers which point out study, research, 
experimenting, making discoveries) than as static (the answers in which science is defined as a set of 
knowledge or as a discipline). In students’ opinion, experiment is a part of scientific-research work, it 
involves working under artificial, strictly controlled conditions (in a laboratory) and it most often involves 
working with substances. Conducting experiments is one of the major activities of scientists, while other 
activities mentioned also include the ones which are characteristic of scientific-research work, such as: 
observation, analyzing, constructing and testing hypotheses, proving and deduction. Students have 
identified certain similarities and differences in the activities done by scientists in natural and social 
sciences. In their opinion, regardless of whether a scientist conducts research in the field of natural or 
social sciences, he is hard-working, persistent and dedicated to his work, he has a thirst for knowledge, 
conducts research and makes new discoveries. 
 The participants consider science important, both for them personally and for the society in 
general. According to their answers, science is important because it enables the acquisition of new 
knowledge and the development of an individual and the society and because it provides answers to many 
questions.  

The largest number of participants admire the discovery of electricity, and accordingly Nikola 
Tesla is the scientist whom the largest number of students admire. The periodic table of elements is the 
discovery in the field of chemistry which has impressed the students, while Mendeleev is the second most 
favourite scientist. It can be observed that students do not have any role models among today’s scientists. 
Both the discoveries which relate to modern technologies and the discoveries which represented a 
revolution in the development of the society have been mentioned in the students’ answers. Students’ 
attitudes towards their future career in science are divided. A lack of interest in science or their own poor 
achievements in science subjects are the most common reasons for not seeing themselves as scientists in 
the future. A statistically significant correlation between a student’s chemistry grade and his/her desire to 
pursue a career in science and a correlation between the participant’s gender and the affinity for the 
profession of a scientist (in girls’ favour) have been confirmed. In both cases the correlation is weak. 
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Escape rooms are games in which players solve puzzles to successfully escape a closed room or succeed in 
a mission. Escape room have gained huge popularity in recent years and have recently found their way into 
chemistry education as reflected by the number of recent publication (such as Dietrich, 2018; Peleg et al., 
2019; Yayon et al., 2019). In this theoretical presentation we analyze the design of the escape room from 
an aesthetics point of view with the aim of expanding the theoretical understanding of educational escape 
rooms and suggest a lens through which they may be researched.  

There are several definitions for "aesthetic" used in science education literature: something being beautiful, 
something associated with art, something associated with sensing or something associated with 
understanding of aesthetics. Another view of aesthetics relates to the subjective interactive experience of 
the viewer with an object (Dewey, 1934/2005). While we constantly have experiences, an aesthetic 
experience according to Dewey is an occurrence that reached completeness and is demarked from other 
experiences (Dewey, 1934/2005; Pugh and Girod, 2007). Such an experience is differentiated because it 
brings about a transformation of how we see the world. We look at three aspects of the Escape Room game 
that aim to bring about an “aesthetic experience”. 
 (1) The narrative - The escape room experience takes place in a fictitious narrative which is told to 
participants before starting. To achieve an aesthetic experience the story must build a 'willing suspension 
of disbelief' (Holland, 2008) as happens when we enter the theatre. It is the job of the escape room to 
transport participants into a space where they are engulfed in the story and the activities. This aspect can 
be researched by investigating participant's transportation into the narrative and attitudes towards the 
narrative, settings and the props. 

(2) Aesthetic doubling  - Learning that occurs in fictitious environments can be characterized by 
aesthetic doubling - the ability of the participants to take on a character yet remain themselves throughout 
the activity, thus seeing the activity with two lenses (Iser, 1978). This enhances the aesthetic experience 
by allowing learners to bring with them real-life chemistry knowledge and take the experience with them 
to the real-world post-activity. Research into this should look at how participants use real-world 
chemistry knowledge to the activity and what knowledge they take from the activity to the real-world. 

(3) The aesthetics of the individual puzzles – Escape room puzzles can take different shapes and forms. 
They can be built on a beautiful, surprising or mysterious phenomena (TEMI project, 2015) or they may 
be presented in a way that is appealing or surprising. Researching the contribution of the puzzles to the 
aesthetic experience should investigate participants attitudes and views to each of these principles. 
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Often students are insufficiently interested by chemistry, because they perceive science education as 
“irrelevant” both for themselves and for the society (Dillon, 2009). This work is part of a research 
program intended to help teachers include connections between students’ daily experiences and chemical 
topics. The idea is that by bringing tangible examples we provide opportunities for students to apply 
science to familiar contexts in hopes that they will appreciate chemistry more and will be motivated to 
study concepts in greater detail. I summarize here the results about contextualized open-ended problems 
and cases carried out with first-year engineering students, applicable to other educative levels. The goals 
were to use modern educative tools (such as inquiry-based learning); to facilitate the learning of concepts 
(stoichiometry, combustion, conversion factors...); to detect misconceptions; to collaborate on the training 
of skills (problem solving, data analysis, teamwork…); to improve teachers and students’ motivation; and 
to promote science literacy, social responsibility and the understanding of S-T-S relationships. 

The contribution of CO2 emissions to climate change is frequently mentioned in public media. Students 
discussed quantitative aspects related to these emissions, such as its relationship with vehicles fuel 
consumption (Oliver-Hoyo & Pinto, 2008), and its decrease by using condensing home boilers (Pinto, 
2013) or solar power (Pinto, 2009). Other interesting case discussed with students was the critical analysis 
of pseudoscientific deceptive information about products (a common salt contained in a glass ampoule or 
a “special” bottle made with a glass “containing silica”) that “change” the bond angle and other properties 
of water, with “healing effects”. Students’ responses are not always positive: some complain that “these 
topics are not part of the course syllabus” and prefer more conventional problems. But most part of them 
express keen interest in this type of “tangible” chemistry where concrete examples of everyday life put 
textbook chemistry in context. Further, such kind of cases promote training in critical thinking and in 
“consumer chemistry”, and enable students to realize the relevance of chemistry outside the classroom.  

References:  

Dillon, J. (2009). On Scientific Literacy and Curriculum Reform. Int. J. Envir. Sci. Educ., 4, 201-213. 
Oliver-Hoyo, M. T., Pinto, G. (2008). Using the Relationship between Vehicle Fuel Consumption and CO2
Emissions to Illustrate Chemical Principles. J. Chem. Educ., 85, 218-220. 
Pinto, G. (2013). Termoquímica de las Calderas Domésticas de Condensación: Un Caso de Aprendizaje 
Contextualizado por Indagación Dirigida, Educació Química, EduQ, 14, 29-38. 
Pinto, G. (2009). Determining the CO2 Emissions Averted by the Use of Solar Power. J. Chem. Educ., 86, 1033. 



111
Back  Play-Circle

High School Student's Understanding of Molecular Representations in a Chemistry 
Context-Based Learning Environment 

Strand number: 6  
Ran Piorkoa, Dr. Shirly Avargila 

a
Affiliation 1: Faculty of Education in Science and Technology, Technion, Haifa 32000 

* Corresponding author: ran.piorko@campus.technion.ac.il 

Teaching chemistry in high-school should leave out many issues related to memorization and emphasize 
scientific literacy, high order thinking skills (Barnea, Dori, & Hofstein, 2010), and context-based learning 
(CBL) as one of the main pedagogical tools. CBL environments use day to day contexts as a learning tool 
in science education and raises students’ interest and involvement in the learning process (Bennett, 
Lubben, & Hogarth, 2007; Sevian, Dori, & Parchmann, 2018). It enhances their scientific literacy and 
motivation to learning chemistry (Habig, Blankenburg, Van Vorst, Fechner, Parchmann & Sumfleth, 
2018; Dori, Avargil, Kohen, & Saar, 2018). One of the modules high school chemistry majors can learn, 
in our country, is the Taste of Chemistry, dealing with many relevant issues related to nutrition and food 
chemistry. The module learning approach is context-based with an emphasis on all four levels of 
understanding of chemistry (Macroscopic, Microscopic, Symbol, and Process of a phenomenon).The 
module emphasizes visualization and graphing skills and deals with abstract chemistry terms while 
connecting them to multi discipliner areas: biology, medicine, nutrition and food chemistry. Student's 
deep chemistry understanding depends on their representational competence (Rau, 2015). For most of 
these graphic representations, the chemistry student has to identify, relate it to its chemical context and 
also to transfer from one representation to another. This study concentrates on the effects of CBL 
environment on student's ability to understand molecular representations, and investigates CBL outcomes 
related to student's gender and to chemical understanding abilities. 
Participants included 370 11th grade chemistry majors that were taught chemistry aspects of fats and 
lipids. Research groups included an experimental group (N=271), and two comparison groups (N=99). 
The experimental group studied in a CBL environment, the comparison groups studied without CBL 
environment. We used mixed methods approach to analyze pre/post questionnaires that were given to the 
students. Findings indicate that when students are taught in a CBL environment their achievements are 
significantly higher. The experimental group gained highest scores in the post questionnaire and had the 
highest net-gain of average scores. In the experimental group the average scores and net-gain were the 
highest for the girls. Data analysis showed that the net-gain of low achievers in the experimental group 
was significantly higher than medium and high achievers. 
This research strengthens findings from other researches showing that CBL environment contributes to 
high level of understanding in chemistry education. Moreover, the research shows that this approach has a 
positive affect in relation to gender differences and low vs. high achievers.  
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STEM disciplines, in struggling to deal with increasing knowledge, focus on promoting core ideas, with a 
theory-driven underlying structure, but paying attention to meaningful learning by interrelating topics and 
forming connections between extensive, but isolated, contextual knowledge. Research supports the need to 
pay attention to core ideas, Promoting STEM core ideas can be expected to lead to gaining capabilities to 
use in new situations, thus enabling the solving of problems at personal, social and global levels  and making 
justified socio-scientific, evidence-based, decisions. A theoretically developed model sees socio-scientific 
decision making as one of the major indicators of enhancing science literacy (SL) (Holbrook & Rannikmäe, 
2009). PISA results show that students’ motivation to learn and their efficacy beliefs are important factors 
in determining test results. Studies determining students’  SL at the age of 15, against a PISA-defined 
“working”-definition, have shown Estonian students achieve high scores (OECD 2007; 2016; 2019). 
However, a LoTeGum study (Rannikmäe et.al, 2017) has shown that students’ higher order cognitive skills 
change little during gymnasium studies and that students’ perceived self-efficacy is low. Unfortunately, 
there is also evidence that actual classroom science teaching is lagging behind the thrust towards 
competence focused SL -students are learning what is assessed. Utilising a theoretical framework, an e-
testing platform, determining cognitive levels of SL has been developed in Estonia (Rannikmäe et al., 
2019), in which testing occurs at different school levels, allowing evaluative feedback on curricula-related, 
student cognitive levels across all STEM subjects, However, to respond to society/workforce needs, there 
is a need to expand the context of e-testing e.g. add self-evaluative components enabling a correlation 
between curriculum-related learning and students’ perceived self-competence.Research has shown that 
context-based approaches in science education result in improvements in attitudes towards science learning 
(Bennett, Lubben, & Hogarth, 2007) and lead to a higher interest in science-related careers. Linking student-
relevant situations with scientific cognition increases meaningful learning among students and also their 
situational interest. Holbrook and Rannikmae (2010) show an initial context, based on social issues, can 
provide a motivational induction to STEM learning, which can be followed by a problem solving situation 
and this interlinking, in a transdisciplinary manner, to socio-scientific decision making to widen STEM 
learning. Concept mapping can be used as a map chart in determining students’ perception of STEM 
learning requiring student conceptual feedback, connections between disciplinary and interdisciplinary core 
ideas, critical thinking on interconnections of core ideas and conceptual interrelations. In this respect, Cmap 
methodology as a concept mapping technique can be used to analyse students` interdisciplinary knowledge 
connections, useful as an assessment tool at all levels of education.  

New assessment model and  tasks will be introduced and the outcomes of over 4000 grade 9 and 12 students` 
tests will be discussed with respect to students learning in chemistry   
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Many studies looked into the link between culture, society and approaches to advanced teaching 

through technologies (e.g., Joo, 1999; Yoo & Huang, 2011). The utilization of social networks in the 
above mentioned context was studied as well resulting with a conclusion that local culture has an effect 
on the willingness to utilize social networks for teaching (Chapman, & Lahav, 2008; Vasalou, Joinson & 
Courvoisier, 2010). The study presented here is part of a larger program trying to better understand 
differences in cultures of social media implementation in scientific and teaching processes. 

The study was conducted in Germany. To get first insights into belief systems ten students in a 
Master's program for science education who are intended to become teachers had been interviewed. The 
study employed qualitative research methods. During the interviews, students were exposed to a 
presentation about the integration of social networks in chemistry education, and subsequently underwent 
individual semi-structured interviews. The interviews findings were collected and analyzed through 
thematic analysis (Braun & Clarke, 2006) in order to clarify attitudes and stances toward the integration 
of social networks in teaching. 

The results of the study refer to different aspects of general attitudes toward social networks and 
their integration in teaching, concerns about their use, and the classroom climate resulting from social 
network interactions. The majority of the students indicated scepticism with regard to the probability to 
have learning and interaction in social networks; however, upon listening to the presentation and 
acknowledging that such teaching can take place, they became more positive toward this idea. 
Nevertheless, several objections were raised based on numerous concerns: Students discussed the ban in 
school in Germany for such communication and therefore would not want to engage in it. In addition, 
they raised the issue of privacy and working hours. They perceived the social network groups as a place 
where they would have to be present all the time, and would therefore be reluctant to take part in them. 
Students mentioned general concerns about establishing teaching groups of social networks. They 
indicated the important rules for such teaching framework. Most of these rules were indirectly related to 
the issue of privacy, as well as for respect to their position as teachers.  

The findings of this study indicate potential hurdles for students with regard to concerns and 
difficulties about the utilization of social networks in teaching. There are several factors contributing to 
this phenomenon. First, the current German regulation does not allow teachers to interact with their 
students on open social networks. Naturally, the existence of a ban on such interaction severely limits the 
ability of German students to perceive positively the potential incorporated into the utilization of social 
networks in teaching (e.g., Safran, Helic, & Gutl, 2007). Second, the issue of privacy in Germany has a 
major role in shaping of online users awareness. The students demonstrate their concern about privacy, 
for example, by insisting on using an alternative phone number, a designated username, etc. Third, with 
regards to the boundaries between teachers and students, the German students believe that using social 
networks for teaching might challenge the existing relationship between teachers and students. As a 
result, they are not thrilled to utilize social networks for teaching.  

The current study helps to demonstrate influences of cultural-societal contexts on the adoption of 
innovative technologies in teaching. Future research can look more deeply into this phenomenon and 
establish its causes. Consequently, an attempt to integrate science teaching through social networks in 
Germany while adapting teachers' instructions to facilitate this effort. Of course, regulation needs to be 
adapted prior to such attempt. 
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In Czechia, all students in compulsory (basic) education, i.e. primary and lower-secondary education, study 
chemistry for two years in two lessons a week. After that about 65% of the secondary school students 
continue studying chemistry, although some only in one lesson in the first year of the follow-up studies (see 
Rusek, 2013). It is then obvious that the requirements of particular schools differ and that for many the 
compulsory school chemistry is the only (or major) source of chemistry education. As far as the teaching 
methods are concerned, the Czech School Inspectorate (2019) pointed at persistent teacher-centred teaching 
style. Common explanation is the lack of time to teach all the subject-matter which requires frontal 
approach. To show an alternative, proofs of effectiveness of the contemporary approach are needed. 
However, there is a lack of data on this matter. PISA offers certain information about the students’ science 
knowledge (OECD, 2019). Information about effectiveness of chemistry education in Czechia is being 
provided only seldom, usually only together with other science subjects. There were several attempts to 
evaluate the attained chemistry curriculum with the use of so-called indicator tasks (Vojir, 2017). However, 
these were proven to deliver false positive results (Koreneková, 2018). 
To fill the blank space, this research was conducted. The attained lower-secondary school chemistry 
curriculum was assessed. The sample consisted of 513 first-grade vocational school students. At the 
beginning of the school year 2019/2020, these students were given a test consisting of three 3-tier tasks 
focused on the basic knowledge concerning the periodic table of elements (trends, position of elements 
etc.). The results differ significantly from the tasks pilot (see Vojir, 2017). For example, in the first, the 
easiest, task 73% of the students chose the correct answer, however only 65% together with the correct 
explanation. 39% were also sure about their answer. In the second (medium) and third (most difficult) task, 
the results were significantly worse, both with only 4% of correct solvers. The students do not seem to have 
attained this part of the lower-secondary school chemistry curriculum. Also, the unsuccessful students 
estimated their success more correctly compared to the successful students. The results will further be 
discussed and certain patterns evaluated in more detail.   
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Textbooks are the most specific elaboration of learning content. It represents a intended curriculum, 
which is encountered directly by students. In the Czech Republic, it is obliged to provide a textbook to 
every elementary and lower-secondary school student. Research also show that textbooks are also used 
by teachers to prepare for their lessons (Sikorová, 2010). The effect of the textbook on education is 
therefore enormous. One of the main determinants of effective and meaningful learning is the students’ 
own activity. One of the most important objectives within chemistry education is the development of 
scientific thinking and science literacy. These educational objectives cannot be achieved with the use of 
textbooks aimed only at the presentation of the knowledge content via educational text. Such textbooks 
reflect previously applied, mostly obsolete paradigms of teaching (Stuckey, Hofstein, Mamlok-Naaman, 
& Eilks, 2013). The importance of learning tasks is nowadays growing as they are the means of students' 
active learning (Nightingale, Dytrtová, & Fulková, 2010). 

The aims of the research were to find out which tasks are contained in chemistry textbooks for lower 
secondary education in the Czech Republic and to compare the textbooks with each other. Four most 
frequently used chemistry textbooks sets for lower-secondary schools were analysed. Tasks were 
analysed from the view of: response type (open-ended and close-ended tasks), intended cognitive 
processes and intended types of knowledge. A revised Bloom taxonomy (Anderson & Krathwohl, 2001) 
was used to assess cognitive and knowledge domains of tasks. The results show that most tasks in 
textbooks require only a short form of response. In the cognitive domain, the tasks usually target lower 
levels of the revised Bloom’s taxonomy with factual knowledge. 
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Teaching biochemistry concepts could be a challenging task, as it requires learners and teachers to integrate both chemistry and 
biology abstract processes and concepts. Students struggle to grasp those molecular and cellular processes as it is difficult for 
them to imagine and visualize them (Loertscher, J., et al, 2014). While incorporation of ICT implementations during lessons is 
known to encourage learners’ involvement in a collaborative learning process, especially when training pre-service teachers 
(Forkosh-Baruch and Ungar, 2019). 
The objective of this presentation is to examine how ICT implementation Cacoo (an online diagram and flowchart software by 
Nulab), via CSCL, may impact the learning experience of pre-service science teachers in Biochemistry course. The Teacher’s 
concern focused on students' ability to comprehend topics and processes discussed in Biochemistry course, particularly the 
cellular respiration process. The latter is known to arise difficulties among students (Ameyaw, 2015). 
 
Methods: The research is an action research focusing on a Biochemistry course aimed for 13 pre-service science teachers. The 
present study includes two research circles. The teacher's discomfort in the first circle relates to the fact that students and teacher 
are known to struggle while studying and teaching molecular biochemistry processes. Teacher analyzed the field of action and 
identify negative and positive feedback cycles (Burns, 2007) through a mentoring process, led by a member of the Digital 
Pedagogy team of Kibbutzim college, and they designed a teaching model. To this end, Teacher has discussed and shared her 
thoughts and impressions regarding the teaching process with a critical friend and mentor on a weekly basis.  

The teacher's concern in the second circle was how to teach the 
cellular respiration process, epically glycolysis and citric acid 
cycle topics, in a collaborative, active, clear, and understandable 
way for the pre-service science teachers. The action designed 
was the use of CSCL through an ICT implementation Cacoo.  
Weekly tracking and analysis of pre-service student activities 
and reflections enable formative assessment to improve the 
learning and pre-service students experience.  
Results & Discussion: Figure 1 shows the collaborative product 
of the citric acid cycle, created by the students, using their 
agreed visual symbols for each molecule and step. The use of 
visual symbols rather than textual ones, was based on the 
teacher's aspirations: to expose learners to diversity of learning 
ways, to visualize the molecular process and to use familiar 
emoji's known to the students from their social communications, 
which is common in the Z-generation interactions (Seemiler and 
Grace 2015). Analysis of the teacher's and students' reflections 
assessed that the use of CSCL promoted the students' 
understanding of the glycolysis and citric acid cycle topics 
discussed during the course. As pre-service science teachers, 
they also indicated that they would consider using this tool in the 
future. The Teacher aspires to modify the learning process by 
adopting the CSCL approach and promoting pre-service 
teachers’ involvement and sharing responsibility during the 
course in the future.  

Figure 1- Students product of the citric acid cycle 
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Our publication (Goldstein et al., 2019) outlines a conceptual model for university-based science laboratory 
interventions. We examined labs in Israel (Belmonte) and Italy (CusMiBio) that adopt the "hybrid 
approach," whereby non-formal labs that include some informal learning are combined with school 
curriculum to facilitate a “round-trip” experience, from school to university and back. The methods 
employed are curriculum analysis and mapping. Teacher training is also analyzed. We classify each lab 
activity according to Domin’s (1999) taxonomy. The following three-tier triangular model explains the 
structure of labs at both institutes. Most schools participate in 1st Tier workshops, which are primarily 
expository and discovery themed activities for single trips to the lab. Some schools participate in 2nd Tier 
workshops that involve more inductive research. Third Tier inductive lab projects are least common and 
involve routine, frequent visits, more feedback, and closer involvement with academics. Challenges of 
promoting state-of-the-art chemistry and biosciences education when pupils interact with academics and 
perform hands-on experiments are highlighted. The findings provide opportunities for university hybrid 
labs to structure activities and make a sustainable impact on society. 

 

References:  

Domin, D. S. (1999). A review of laboratory instruction styles. Journal of chemical education, 76(4), 543.    

Goldstein, K. L., Seri, N., Viale, G., Grazioli, C., Pirovano, L., & Ofrath, N. (2019). Opening Advanced 
Laboratories to School Students: Our Model for Structuring Round‐Trip Activities from School to University and 
Back. Israel Journal of Chemistry. 

Figure 1. Three-Tier Hybrid Lab Activities Model 
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Background:  Learners from socially deprived backgrounds often experience specific barriers to 
engagement within an educational setting and thus, it is widely recognised that these learners are 
underrepresented in Higher Education.  Further research indicates that for these learners there may be 
multiple barriers including low self-esteem and self-efficacy and there can be a high proportion of ‘hard 
to reach, difficult to influence’ students.  This carries a social cost for individuals, who have limited 
earning potential, and a societal cost for an economy that requires a technically skilled workforce.  
Programmes such as the Royal Society of Chemistry’s (RSC) Chemistry for All (Chemistry for All, 2019) 
and the UK Office for Students National Collaborative Outreach Project (Office for Students, 2019) are 
working to understand the barriers to HE for these learners and to provide a strong evidence base of what 
works to increase confidence and ability to progress into HE.   
Objectives:  Working with the above programmes, a cross-university team with expertise in Chemistry, 
Education and Outreach, has developed and delivered a longitudinal programme of high-energy, UK 
curriculum based sessions that engage learners in student-centered, hands on activities to enhance their 
scientific literacy and improve independence and confidence in Chemistry.  Through partnerships with 
local schools, an intensive set of interventions have accompanied students through their educational 
journey from ages 14 - 16.  This talk will illustrate how the interventions were tailored for these learners, 
aiming to address their particular needs and taking a holistic approach to support the development of 
essential skills whilst building Chemistry knowledge.  Immersive experience days at the University gave 
opportunities to meet with students to dissolve the mystique of University Life and address social 
barriers.  Using a mixed methods approach, evaluation data demonstrates improved chemical literacy, and 
has gathered teachers’ and pupils’ views of the impact on attitudes and choices for study and careers. 
Discussion and Conclusions:  The data shows that student engagement and enjoyment in the 
interventions was high.  The students benefitted from a student-centred ethos where they were 
empowered to take charge of their own learning.  The pedagogical approach was to be inclusive, with 
learners of all abilities having the opportunity to undertake all tasks, and be supported to do so.  The 
higher attaining learners could work independently, and the less confident students could access support 
to attempt higher level challenges.  The exposure to students and professionals in their workplace, and the 
experience of contextualised science which related to careers, improved their understanding of where 
Chemistry study can lead.  The longitudinal and intensive nature of the interventions has enhanced direct 
impact and also contributed to other factors that may contribute to positive social change in the 
community. In this study, sustained and progressive outreach interventions are more effective than ad hoc 
single events and could lead to a review of university outreach provision in the future.   
 
Chemistry for All, 2019 retrieved from https://www.rsc.org/campaigning-outreach/outreach/scientists/chemistry-for-all/ 
Office for Students, 2019 retrieved from https://www.officeforstudents.org.uk/publications/ncop-two-years-on/ 
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Laboratory courses have been an integral part of the curriculum in science and engineering degrees for 
decades although their contribution is still controversial. These courses offer a unique kind of teaching and 
learning platform which has the advantage of being personalized and student-centered. Taking advantage 
of this unique environment we have developed a user-friendly interface for students and teaching assistants 
(TAs) aimed to encourage student's reflection and engagement while enabling a rational and valid grading 
of students' performance by the TAs. This interface is based on a rubric score of eight parameters which is 
filled in each lab session, both by the student and the TA, evaluating the student performance during the 
lab. Following the lab session, a comparison of both evaluations is performed by the lab manager. This 
comparison can give some insights on the learning process of the student and enables real time intervention 
and formative assessment, instead of summative assessment at the end of the course. Our preliminary 
studies, performed in Chemistry laboratories, indicated that this methodology enabled an efficient formative 
assessment of the learning process during the course, since it includes a self-evaluation process and 
immediate feedback in real time. This tool might help students to rapidly improve their performance in 
laboratory courses, by stimulation of a continuous reflection process.  

Keywords: laboratory courses, formative assessment, personalized learning 
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Various researchers claim that chemistry is not a popular career choice and that the field is in deficiency on 
all levels of education, academia and industry (Solano et al., 2011; Ogunde et al., 2017; Salonen et al., 
2018). Chemistry is a fundamental disciplinary science that relates to a variety of occupations in industry 
and academia (Solano et al., 2011), therefore, it is essential for the development of technological and 
scientific innovations that constitute any country’s future achievements. Motivated by the current shortage 
of chemistry professionals, our research strives to describe and understand career trends prospectively, and 
individuals' perceptions of their career choices retrospectively. The research goal is to characterize, 
investigate, and model the processes of choosing to major in chemistry and pursue an industrial or 
educational career in chemistry, accounting for gender and sector differences. Building on the foundations 
of the Social Cognitive Career Theory, we studied the prospective behavioral theme by analyzing data 
obtained from Israel’s Central Bureau of Statistics on about 550,000 STEM (including chemistry) and the 
non-STEM high school graduates, as they continue to higher education and choose a career. The data 
enabled us to deduce prospective trends of chemistry high school and higher education majors' career 
choice. The environmental and personal themes were investigated using our specially designed Chemistry 
Career Choice (C3) questionnaire (adapted from Mishkin & Dori, 2015) with about 200 chemists and 
chemical engineers, chemistry teachers, and third year undergraduate chemistry students. The prospective 
analysis showed that over the years, the choice of high school students to major in STEM in general and 
chemistry, in particular, has been declining. Moreover, choosing chemistry as a major in higher education 
is approximately six times smaller than the frequency of high school students who choose chemistry as a 
major. The analysis also showed that women tend to choose chemistry more than men at the high school 
and university levels, and minorities tend to choose it more in high school but less in higher education 
compared to non-minorities. The retrospective analysis indicated that within the personal theme, the self-
efficacy – task-oriented factor was significantly the most influential on the choice of chemistry for study or 
career, compared with the other two factors related to the personal theme. In the environmental theme, the 
influence of family and friends and the influence of extrinsic motivation – rewards were found to be more 
influential on the choice of chemistry for study or career than the environmental influence of teachers or 
lecturers. Men had a more positive view than women on the importance of teachers in their choice of study 
and career in chemistry.  
The theoretical contribution is the unique integration of both prospective view for the behavioral theme and 
retrospective view for the personal and environmental themes, within the SCCT theoretical framework. 
Further, the study extends the self-efficacy construct within the personal theme to include three categories: 
confidence in one's chemistry abilities, self-efficacy-task-oriented, and self-efficacy of one's career. 
Practically, the study provides policy makers and chemical educators with recommendations for 
encouraging high school and undergraduate students to choose and remain in chemistry-related careers.  
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The complexity of teaching and learning chemistry concepts can be explained by the representation at 

three levels: the macroscopic, the submicroscopic, and the symbolic levels (Johnstone, 1991). Research 
confirms that students often develop misunderstandings of specific chemistry concepts at the 
submicroscopic level, including the redox reactions (Supasorn, 2015). Students’ motivation for learning 
chemistry, formal reasoning abilities, chemistry preknowledge and visualisation abilities can influence 
students’ learning processes. To understand these processes in more detail, individuals’ eye movements 
can be measured and after careful consideration might be used for interpreting processes during solving 
the context-based tasks, since the direction of the human gaze is closely linked to the focus of attention as 
individuals process the visual information that is being observed. It is known that the eye tracker provides 
objective support for the measurement of cognitive effort or cognitive activities (Rayner, 2009). 

The purpose of this research is to identify the understanding of specific redox reaction among pre-
service chemistry teachers through context-based 3D submicrorepresentations tasks achievements.  

55 pre-service chemistry teachers of different years of education at the university level participated in 
this study. Pre-service teachers has to conceder context-based redox reaction between copper and silver 
nitrate(V) solution. Pre-knowledge achievement test, test of logical thinking, science motivation 
questionnaire, a visualisation ability test, and eye-tracking apparatus, with think aloud method were used 
in this study. 

Qualitative analysis of eye movements (gaze plots) determined whether the participant used an expert 
or non-expert strategy to solve the task. The results show that there are statistically significant differences 
in achievements of solving the task between students who choose expert (M= 10.12; SD= 2.55 R= 32.07) 
or non-expert (M= 7.43; SD= 2.41; R= 16.07) strategy (Mann-Whitney U= 120.00; p= .001). Students 
showed the highest interest for the macro level while solving the task. Many misconceptions were 
identified when pre-service teachers tried to explain the observations at the submicroscopic level or when 
trying to connect of all three levels at the same time. There are non-significant correlations between pre-
service teachers’ task achievements and their intrinsic motivation for learning chemistry (r= .028; p= 
.838), visualization skills (r= .210; p= .125) and working memory capacity (r= -.007; p= .959). Medium 
and significant correlation were identified between pre-service teachers’ task achievements and their pre-
knowledge (r= .311; p= .021) and the level of formal reasoning abilities (r= .377; p= .005). 

These results are significant for chemistry teachers’ educators. It is important that pre-service 
chemistry teachers adequately understand specific chemical concepts at three levels of presentations. 
These understandings are important for them so that they are able to apply the most effective teaching 
strategies in chemistry classroom. 
 
Keywords: redox reaction comprehension, triple nature of chemical concepts, pre-service chemistry teachers 
 
References:  
Johnstone, A. H. (1991). Why is science difficult to learn? Things are seldom what they seem. Journal of Computer 

Assisted Learning, 7(2), 75–83. 
Rayner K. (2009). Eye Movements and Attention in Reading, Scene Perception, and Visual Search. The Quarterly 

Journal of Experimental Psychology, 62(8), 1457–1506. 
Supasorn, S. (2015). Grade 12 students’ conceptual understanding and mental models of galvanic cells before and 

after learning by using small-scale experiments in conjunction with a model kit. Chemistry Education Research 
and Practice, 16(2), 1–17. 



125
Back  Play-Circle

Strategy of solving problems in chemistry – eyetracking study 

Strand number: 01 

Petr Šmejkala, Zuzana Míkováa, Pavel Teplýa
 

aDepartment of Teaching and Didactics of Chemistry, Faculty of Science, Charles University, Prague 
 

* Corresponding author: petr.smejkal@natur.cuni.cz 

Czech students are at an average level in solving science-oriented tasks, as it can be demonstrated, for 
example, by the results of the international PISA survey (Schleicher, 2019). Hence, an improvement of 
their skills is undoubtedly desirable. Among other factors, the cause of this situation is the fact that teaching 
in Czech schools often emphasizes the acquisition of knowledge over the development of other skills as 
critical thinking, data evaluation etc. In solving tasks, however, not only knowledge but also other skills 
and abilities are important. Also a way of task assignment, understanding of the text part, existence of 
technical terms, or the selected strategy of solution can play an important role for successful solution of the 
task. There are also typical graphical representations in the natural sciences, i.e. the connections of texts 
with graphs, figures and diagrams, which can also influence success in task solution. The general 
understanding implies the strategy used by the pupil for solution of the task, as well as the pitfalls that the 
pupil may encounter during the task solution, which are not necessarily related to the scientific nature of 
the task. With respect to that, our contribution is focused on monitoring and analysis of procedures and 
strategies of students in solving tasks oriented to general chemistry. Eyetracking, supplemented with 
interview and questionnaire, was selected as the method of the study as it appears to be an appropriate way 
for monitoring the work of students with text and images (León et al., 2019). 

The survey included 15 pupils aged 16 - 20 years. Preliminary results showed that the task-solving strategies 
and procedures are very different in different pupils, both when working with text and/or using images. 
While some students red the text systematically and thoroughly in detail, others skipped whole sentences 
in the text that, in their point of view, did not seem to be important for understanding the basic framework 
of the task. When solving following tasks, due to their nature, there were also changes in the solution 
strategy, which led to a shortening of the solution time of the next task, e.g. by using analogies with the 
previous task. In our survey, about half of the students also welcomed the possibility of using the image to 
solve the task, in the absence of it, the task solution was less effective. The other half hardly used the 
pictures, even if they were present, and tried to orient themselves in the text part. It has also been shown 
that elements such as text highlighting or text size play a significant role in the progress of the task solution, 
where the information provided by small text is not perceived by pupils either at all or only marginally. 
Surprisingly, the existence of technical terms in the task assignment did not cause any difficulties and no 
dependence was found in the success of the task solution. In the studied sample of students, success in 
solution of the tasks did not depend too much on the selected strategy. On the other hand, the form and the 
clarity of the assignment were the important factors. Due to many variations of successful strategies for 
solving tasks, one general approach cannot be recommended and it is necessary to focus on the pupil's 
individuality, e.g. to monitor their preference for working with text or pictures or preferences of work with 
information. 
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For several years now, the nerdy image of natural scientists has been shaped by popular TV series such as 
"The Big Bang Theory" or "Breaking Bad". The protagonists are portrayed as "crazy nerds" and "nerds" 
(Weitekamp, 2015). If you ask students, they describe physicists and engineers as clever and logical, but 
also as unromantic and not very sensitive (Kessels & Hannover, 2007). But what influence does this 
image have on a scientific career choice, especially in the context of chemistry? 

Hannover and Kessels (2004) have already investigated the importance of stereotypes on a career choice 
in the context of physics. In a study on the choice of a career in chemistry, 1113 students in grades eight 
and eleven were surveyed in Germany in 2015 (Spitzer & Gröger, 2018). The calculated models show a 
significant influence of image factors, especially the distance between self-description and the prototype 
of a chemist. After three years, the grade 8 students were surveyed again in 2017/2018 in the form of a 
longitudinal study. The big influence of image factors on a chemistry-related career choice, especially at 
the end of school, was confirmed here. 

In the summers of 2018 and 2019, 359 gifted students with a high interest in science were surveyed in the 
context of the “JuniorAkademie NRW”, a summer camp for young people at the age of 15. The results 
show an approximation of the self-description of the participants and their description of a chemist or 
scientist (prototype). The survey in summer 2019 offered further insights into personality and image. 
Does the stereotype of the "nerd" exist? Is it possible to identify personality traits that occur particularly 
in the case of high scientific interest? My presentation will provide initial insights into the results and 
explore the question of the extent to which these results can be used to promote a chemistry-related career 
choice. 
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In our earlier empirical research established ‘step-by-step’ instructions were modified to practical 
activities requiring one or more steps to be designed by the secondary school students. The results suggested 
that many 14-15 years old students benefited from the intervention (Szalay and Tóth, 2016). A longitudinal 
study to investigate the effectiveness of the approach for younger students and over a period of time took 
the form of a four year research project that began in September 2016. 920 students have been involved, 
who were 12-13-year-old in the beginning of the study. The impact of the intervention on the students’ 
experimental design skills, disciplinary content knowledge, attitude toward chemistry and experiments is 
measured by structured tests. 

No significant development of the experimental design skills could be detected by the tests after the first 
school year of the project in the case of the 7th grade students (Szalay, Tóth and Kiss, 2020). Therefore in 
the following three school years the student sheets of the experimental groups already contained the main 
principles of designing experiments, related to the concrete tasks. For instance, how the ‘fair testing’ had 
been applied was explained to the students of one of the experimental groups (Group 2) after they carried 
out the ‘step-by-step’ experiments. Meanwhile, the students of the other experimental group (Group 3) were 
given clues how to apply the ‘fair testing’ before they had to design the very same experiments. The control 
group (Group 1) always gets detailed ‘step-by-step’ instructions for doing the same experiments. 

The statistical analysis is carried out by applying analysis of covariance (ANCOVA), matched pair 
method and calculation of partial eta squared (PES) (Szalay, Tóth and Kiss, 2020). The comparison of the 
results of the tests completed in the end of the first and the second school year (N=408) showed that the 
intervention (application of the modified research modell described above) had a significant positive effect 
on the development of both 8th grade expermental groups in terms of experimental design (PES was 0.064 
for Group 2 and 0.033 for Group 3). The experimental groups scored significantly better than the control 
group on the disciplinary content knowledge tasks too (PES was 0.059 for Group 2 and 0.034 for Group 3). 
It was found that the quality of the students’ schools also had a significant effect on the development of the 
students’ achievement. The analysis of the results of the third school year and the changes measured in the 
students’ grades, their attitude toward the subject, their opinion on how important it is to test scientific ideas 
by experiments and how much they prefer step-by-step experiments to experiments they have to design is 
not finished yet, but will be ready by the time of the conference and discussed in the presentation. 

Keywords: experimental design, inquiry-based education, attitude toward experiments 
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The aim of this research was to diagnose the students’ problems in the process of connecting the 
macroscopic, submicroscopic and symbolic level of representation of physical and chemical changes of 
substances and to investigate the potential of demonstration experiments for the purpose of eliminating 
those problems. A total of 63 students (31 boys and 32 girls) attending the seventh grade of three primary 
schools in Belgrade participated in this research. The data were collected using a test and an interview 
which was conducted according to the protocol. The students completed a worksheet with requirements 
related to the demonstration experiments. The worksheet had been designed in such a way so that it 
guided the students in the process of considering the changes of substances and the analysis of their 
answers provided an insight into how that process had gone. The work with each class included: pre-
testing, completing the worksheet, post-testing and postponed testing. In order to compare the students’ 
achievements before and after observing demonstration experiments, the same test was used for the 
purpose of the pre- and post-testing. After the lesson, four students from each class (12 students 
altogether) were interviewed. Three months later, at the beginning of the following school year, the 
students were tested again using the same test (postponed testing).  

In the post-test, which was administered immediately after observing the demonstration 
experiments, a larger number of students gave correct answers to eight out of nine tasks compared to the 
pre-test (for one task the number of correct answers was the same in both tests). For one of the eight tasks 
which had been done better, the difference in the percentage of correct answers was statistically 
significant. The analysis of worksheets showed that the percentage of students who had provided a correct 
answer decreased as the complexity of the mental processes required from the students increased, while 
the percentage of the ones who did not provide an answer increased. The analysis of the answers in the 
interviews pointed out the problems in connecting the symbolic, submicroscopic and macroscopic level of 
representing substances and their changes. In the postponed testing, the students had better achievements 
in seven tasks compared to the pre-test, and in two tasks compared to the post-test. The statistically 
significant difference in the percentage of correct answers, which was found by comparing the results of 
the post-test and the pre-test, was also found for the same task when the results of the postponed test and 
the pre-test were compared. That task could be related with the observed demonstration experiments.  
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Technological development in the last three decades considerably increased the level and extent of scientific 
information that can be freely accessed by the general public. One of the major developments in this respect 
is open professional scientific databases. In chemistry, databases were previously published as closed 
software packages or in a printed format, available almost solely in academic libraries and research 
laboratories. Nowadays, many of these databases are available online, often in an open access digital format. 
Moving online contributed not just to the availability of the data, but to the quality and extent of the 
information and to the ease of searching and retrieving it. Detailed information about a specific molecule 
can now be found by searching its name and synonyms, its chemical formula, one or more molecular 
properties, its structural drawing or similar sub-structures. In addition, more sophisticated search strategies 
are possible based on combinations of properties or by searching several databases at once, all of which 
were beyond reach to many chemical researchers as well as educators before the current era. This 
remarkably massive progress owes its success to significant technological advancements in the field of 
cheminformatics, and specifically to the development of special codes to store, draw, retrieve, and visualize 
chemical data online. Integrating pieces of information about molecules and their properties into families 
of compounds, and making contextual connections between them, stand in the heart of chemistry education. 
In this respect, proper use of chemical databases can significantly enhance these learning processes. A 
variety of advanced pedagogical strategies to employ chemistry databases in the chemistry classroom exist. 
Examples are: (1) Asking students to find the molecular properties required for problem solving, either by 
direct instructions or indirectly by giving them problems with missing data that resemble a research-like 
challenge. (2) Comparing information from different databases as part of a discussion on accuracy and 
reliability of scientific measurements. (3) Working with crystallographic databases in order to understand 
molecular flexibility and explore the conformational space of specific molecules and their fragments. (4) 
Performing sub-structure similarity search as part of a discussion on chemical diversity and reactivity. 
These strategies as well as others will be discussed in this lecture by presenting several popular molecular 
databases such as PubChem, ChemSpider, The Protein Data Bank, WebElements, The Cambridge 
Structural Database and others. In light of these databases and their pedagogical potential, we argue that 
big data in chemistry has evolved to the point where chemistry educators should become familiar with 
molecular databases, learn how to work with them, and develop strategies to transfer this knowledge to 
their students by modifying the curricula of chemistry programs. For this purpose, specific learning modules 
and exercises should be developed and employed for undergraduate as well as high school chemistry 
students. 
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There is a rich history of using various visualizations in chemistry education. Though, only infrequently
students are directed to create visualizations. Drawing cartoon strips offers possibilities for pre-service
chemistry teachers to acquaint themselves with representing chemistry contents using an activating
model. In this model, students create visualization themselves.

In our study, chemistry education students draw cartoon strips when different titrations were applied.
Altogether 21 students and three teaching assistants participated in the research. Research included
questionnaires, interviews and analysis of students’ learning tasks. Aim was to investigate how students
regard drawing cartoon strips, and how drawing helps students’ learning.

Pre-service chemistry teachers considered visualization of titration using cartoon strips motivating and
positive. Also, students were able to transfer their knowledge to new titration theories. Based on the
results, we consider that the use of chemistry knowledge on multiple levels in visualizations leads to
deeper learning. It was necessary, that students created their own representations. This guided students to
build representations suitable for their own thinking. Thus, the used method proved as a motivating
learning tool which was accepted by the pre-service chemistry teachers, both for their own learning and a
tool for their own teaching.

According to the teaching assistants, teachers’ support is needed when pre-service chemistry teachers
create their cartoon strips. Representations of challenging contents may overload students’ working
memory and thus discussion with course instructor is necessary. Sometimes reading of students’ drawings
can be challenging and demands students’ explanations. Arrangement where students first draw the
cartoon strips and then instructor discusses with them, has proved to be a workable solution. Drawing of
cartoon strips is also a tool to evaluate learners submicroscopic level understanding and to correct
misconceptions.

Further research is needed to find out how teachers can effectively use drawing of cartoon strips in upper
secondary school teaching and how teacher can support students to learn best through building their own
representations.

Keywords: Pre-service Chemistry Education, Teaching Practices, Representations
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Abstract

In our study, w

tried to explore how scaffolds integrated within the
PBL style contributed to the four learning stages of the Kolb’s Experiential Learning cycle(Kolb.

ithin the groups in
addition to enhancing the planning level of all the small-groups. This finding supports the view
by Lu Bridges (2014) that group discussion gives affordance for making students thinking visible
leading to correction, modification, and knowledge building through collaboration. 
Based on our finding, we propose to include an additional 5th stage in Kolb’s learning cycle
corresponding to refinement/iterations based on the reflective understanding gathered through
the hands-on experimentation.  This stage may particularly be useful for laboratory tasks which
provides a scope for the students to gather better understanding based on the first trials.
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Citizens needs to be provided with scientific knowledge and skills to maximize their potential in the society 
(OECD, 2016). But the problem is that not all students have interest by sciences. One way is acting on 
teaching strategies to foster students’ favorable attitudes towards science, because teacher factors influence 
those attitudes that precede the students’ behavior (Osborne, Simon, & Collins, 2003). Analogies are seen 
as promoters of interesting learning, being even indicated that the affective dimension of science analogies 
should be a research priority (Harrison, 2006). This study assesses if affective analogies with Music (AAM) 
bring advantages to students’ learning and attitudes towards Chemistry. So, a set of analogies between 
Chemistry and Music were developed, and then organized into three digital resources. In the first, analogies 
between states of matter and a marching band playing in a stadium were made, emphasizing the kinetic 
theory; in the second resource there were three different analogies: one between atoms of one material and 
the bars of the happy birthday music, other between subatomic particle charges and music notes and the 
last one was about atomic model of electron cloud and concert band playing in a bandstand in a park; in the 
third resource, the analogies were between chemical elements and their isotopes and a musical instrument 
family and its instruments. Other six digital resources were produced: three with equivalent analogies 
without affective concern, for example, instead the marching band was used a soccer team - undifferentiated 
analogies (UA); other three were produced with the same chemistry content, but without analogies (WA). 
The described resources were applied with a sample of 147 students of Year 7 of four music schools in the 
North of Portugal, divided in three groups, according to the teaching strategies: AAM, UA and WA. In this 
research, a mixed method design was used. Students’ affection for Music was confirmed through an 
appropriated questionnaire. Data gathering was made, too, about the students’ attitudes towards Chemistry 
with an attitudes’ questionnaire before and after intervention, and about students’ learning with knowledge 
tests’ and semi-directive interviews after the use of each digital resource. Given the analysis of the attitudes’ 
questionnaire, analogies, whether affective or not, seems to allow students to learn Chemistry more easily. 
But, the use of affective analogies seems to have positive impact on the affectivity of students by studying 
Chemistry, contrarily the other two, that cause a decrease in that affectivity. The results of the interviews 
pointed in same direction. In the understanding perspective, 50 % of the students prefers AAM or UA and 
43,3 % AAM, because being more familiar, affectionate, pleasure experienced and using music, generates 
greater interest and attention, providing better learnings. In the affectivity perspective, 88,3 % prefers AAM, 
for the same reasons, give rise to greater interest. From the knowledge tests, there was a tendency for better 
performance of the students of AAM compare those of UA. So, affective analogies seem to increase interest 
in learning, helping to promote students’ favorable attitudes and better performances towards Chemistry. 
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There are many reasons why teachers do NOT implement new knowledge and skills in their teaching, 
mainly the reluctance of exchanging proven methods with potentially less successful new ones, and the 
considerable time and effort involved . It has been suggested that teachers can learn from the experience 
of other teachers. However, there are hardly any occasions, in which a teacher can watch colleagues 
testing new pedagogical approaches and observe their influence on students' learning. This obstacle might 
be overcome by using the potential of online platforms, where teachers can voluntarily participate in 
learning, reflect on their own practices, share them with other teachers, and provide mutual emotional 
support (Macià & García, 2016).  

Our research goal is to analyze how the WhatsApp group contributed to the development of the 
professional knowledge of chemistry teachers participating in the PLC. 
The study qualitatively analyzes the WhatsApp discourse of a chemistry teacher professional learning 
community and utilizes an inductive approach in which data were analyzed using a modified Grounded 
Theory approach (Strauss & Corbin, 1998). The posts in the WhatsApp group were divided into 
Discourse Episodes (DEs), which were defined as follows: A discourse event that was opened in the 
WhatsApp group and that deals with a certain topic. In this study, we re-examined the model of teachers’ 
professional knowledge and skills (Guess-Newsome, 2015), and suggested an additional path by which 
teachers develop their knowledge and skills through online platforms such as WhatsApp. We found that 
the WhatsApp group provides an additional means of developing teachers' professional knowledge by 
enabling teachers to vicariously experience successful innovative activities of their peers, thereby 
positively influencing their filters and inhibitors, consequently leading them to evolve their knowledge. 
We suggest that better understanding the mechanism by which the group communicates via WhatsApp 
could help managers of online groups enhance this process.  
In the lecture, we will describe several DE that will enable further discussion of the mechanism 
underlying professional knowledge development enabled by the WhatsApp group. 
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The purposes of this study were to investigate effects of the modeling-based instruction and 

students’ development of mental model and modeling competence in learning chemical cell at seventh and 
eighth grades. We used the modeling processes, including model selection (MS), model construction (MC), 
model validity (MV), model analysis (MA), model application (MApp), model deployment (MD), model 
revision (MR), and model transformation (MT) (see Figure 1), to design the modeling-based text and 
teaching materials. The research questions were: (1) Whether students’ understanding of chemical cells 
could be improved via modeling-based instruction? (2) Whether students' understanding of the modeling 
processes could be improved via modeling-based instruction? and (3) What were students’ mental models 
of chemical cells before and after the modeling-based inquiry instruction? 

According to the research questions, two kinds of groups were designed, namely Modeling-based 
Instruction group (MBI, n=24) and Non-modeling-based Instruction group (NMBI, n=27). The difference 
between MBI and NMBI was that the former was presented with explicit descriptions and representations 
of modeling processes while the other group was taught with neither implicit nor explicit MBI. The 
findings revealed that first, the students in the MBI group significantly outperformed the NMBI group on 
the content knowledge about chemical cell (p<.001). Second, the students in the MBI group outperformed 
the NMBI group on overall modeling competence (p<.001). Finally, the students’ mental models in the 
MBI group development more abundant than the NMBI group. These findings suggest the modeling-based 
instruction facilitated students learning of the chemical cell concepts, better enhanced their modeling 
competences and promoted their mental models from intuitive to the scientific model.  
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Figure1. The modeling processes (Chiu & Lin, 2019) 
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Background: This study proposes a learning progression for understanding the concept of chemical 
bonding as a dynamic equilibrium between attraction and repulsion forces. Having no access to the 
molecular world and lacking the force-based explanation, students think that atoms form bonds in order to 
“complete an octet” as this is their most stable state. Consequently, they believe that energy is released 
during bond breaking, that energy is required to form a bond, or that energy is released in both bond 
formation and breaking (Nahum-Levy, 2007; Taber, 1998). To support the learning of the dynamic force-
based explanation, we designed and developed the ELI-Chem learning environment (Zohar & Levy, 
2015), composed of a computer simulation and an online activity guide. This environment enables 
interaction as an atom with another atom while observing the underlying forces and the energy curve.  
Research questions: Which mental models are evident when students reasoning about chemical bonding? 
Based on these mental models, which learning progression can be designed to support students in 
constructing the dynamic force-based mental model?  
Methods: The study uses qualitative methods with 21 high school chemistry students in a pretest–
intervention–posttest design. The procedure lasted one hour and included filling out a two 5-10 minutes 
pre- and post-interviews, and 40 minutes of individual work with an activity guide. To portray students’ 
mental models, we first indicated the knowledge elements that they used (i.e., basic concepts upon which 
students build their answers; Sherin, 2013) and then clustered them in a visual way. 
Results: Students used eight knowledge elements when reasoning about chemical bonding. In the pretest, 
‘attraction’ was the most frequently used (87%), while ‘repulsion’, ‘distance between atoms’ (13%) and 
‘dynamic’ (4%) were used much less frequently. Arranging the knowledge elements visually into clusters 
resulted in six mental models that are built additively upon each other. Beginning from a simple mental 
model that describes the chemical bond as electrons, continuing with including the attraction forces, and 
completing with adding repulsion, distance between atoms and a dynamic view of the bond. In the 
posttest, however, students used both attraction (100%) and repulsion (100%) forces expressed as 
spontaneously oscillating atoms (90%). Regarding the energy knowledge elements, most students (93%) 
shifted from vague ideas about the energetics of chemical bonding to explanations based on both 
attractive and repulsive forces. 
Discussion: This study demonstrates how learning through an interactive, visualized, and dynamic 
representation, combined with an activity sequence that addresses the student’s lack of particular 
knowledge elements, supported the construction of a dynamic force-based mental model of the chemical 
bond. The nesting of the mental models showed that repulsion was the ‘‘bottleneck’’ in shifting to the 
force-based approach. Therefore, the activity began with recognizing repulsion. Only then, students could 
realize that the atoms are continuously attracted and repelled, even in the state of chemical bond - an 
equilibrium in which the opposing forces are equal. At this stage, the students had a runnable mechanistic 
mental model (de Kleer and Brown, 1983) of chemical bonding – they were aware of the components and 
the relationships between them that could emerge into the single dynamic equilibrium of bonding. 
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School science and science practices are constantly growing apart. In school, we strive to strengthen the 
basic knowledge whereas in contemporary science, new knowledge, new methods and even new disciplines 
are constantly created. Informal science education activities that are supported by research institutes can 
bridge this gap and provide passage for students and teachers into the authentic world of science practice 
(Braund & Reiss, 2006). Long-term programs, such as a university science summer camp, have a positive 
influence on performance in school science classes and motivation to engage in additional scientific 
activities and even to consider a career in science (Markowitz, 2004). Shorter programs, e.g., a single 
laboratory visit, are referred to in the literature with more caution regarding the presumed impact 
(Goldstein et al., 2019). Considering the short duration as an existing constraint for many outreach 
activities, we propose that making the activity more authentic may trigger a stronger connection of students 
to science and consequently increase its impact. To support this claim, we designed an informal activity of 
a single-visit using authenticity as a main design principle. This design includes four dimensions: 

1. Content: using contemporary science research as context for the activity. 
2. Methods: using a Scanning Electron Microscope (SEM) as a central tool in the activity. 
3. Pedagogy: focusing on “Hands-on” experience and encouragement of student questions. 
4. Instructor: the main instructor is an active scientist whos’ research connects to activities content. 

Data was collected over the last two years from over 200 students using questionnaires that include: 
A.    A Likert scale questionnaire to evaluate the level of authenticity of the activities’ dimensions, based 
on Boll (2013) and Herrington, Reeves, and Oliver (2010). 
B.     A Likert scale questionnaire to evaluate perceptions in several categories: science learning and its 
importance, informal science learning, authentic science learning and self-efficacy for becoming a 
scientist. 
C.     Open-ended questions to collect the perception of students regarding the dimensions of the activity.  
Students’ responses were analyzed quantitatively and qualitatively to establish the nature and extent of 
activities’ impact. Preliminary results showed that student experienced the activity as authentic by the 
theoretical framework (Boll ,2013; Herrington, Reeves & Oliver ,2010). Also, questionnaires reflected 
that the impact can take many forms such as students perceptions of science and learning, content 
knowledge and even emotional connection to science and scientists.  
An emergent effect that that was found in the open-ended questions are the emotions expressed by the 
students towards different dimensions of the activities Students expressed emotions like awe, fear and 
surprise. The dimensions that received the most emotional responses students were: Methods- working 
with a SEM and Instructor: interacting with a scientist. This result correlate with these dimensions' 
evaluation of authenticity. In the presentation I will discuss these results in light of the science 
authenticity literature and examine the connection between expression of emotion towards science and the 
impact of short-term informal activities. 
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With the specification of educators’ set of digital competences in the “European Framework for the Digital 
Competence of Educators”, teaching professions face the challenge of adjusting and innovating the 
currently practiced methods of teaching and learning (Redecker, 2017). However, the majority of teachers 
does not feel sufficiently qualified to meet the demands placed on them (Drossel & Eickelmann, 2017).
Hence, the qualification of teachers in particular is a decisive requirement for the successful implementation 
of the new guidelines (Bastian & Riplinger, 2016). Taking up these challenges, we designed a university 
seminar to professionalise prospective chemistry teachers for implementing digital tools effectively.
Thereby, we aim at getting insights into how it is possible to develop and evaluate TPACK. TPACK stands 
for technological pedagogical content knowledge and depicts the set of knowledge required by teachers for 
the incorporation of technology in teaching and learning (Mishra & Koehler, 2006).

The study is an intervention study with repeated measures using the TPACK framework to assess the 
development of the seminar participants’ technology integration expertise. Besides the assessment of the 
students' ability to plan digitally supported chemistry lessons (coding manual, ICCunjust. = .991), we also 
determine their TPACK self-efficacy (31 items, 5-point Likert scale, = .964; cf. Schmidt et al., 2009).
Moreover, we analyse the seminar participants’ TPACK performance during their subsequent internship 
semester (ICCunjust. = .907). 

First results of our main study show a significant increase in the TPACK self-efficacy (MPre = 3.50, 
MPost = 4.38, from 1 = negative to 5 = positive, p < .001, = 1.46, n = 14) and the ability to plan digitally 
supported chemistry lessons (MPre = 2.61, MPost =4.80, p < .001, = 3.61, n = 14). Since the evaluation of 
the other research questions is still pending and we are currently testing the seminar with an enlarged sample 
of N 30, these preliminary results can only indicate that the designed seminar is suitable for developing 
TPACK at this point. At the conference, we will present and discuss the results of the main study in detail.
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Information and Communication Technology (ICT) have become an inseparable element of every 

classroom. Basic elements such as computers, printers, projectors or electronic gradebooks are used by 

teachers of various subjects all over the world. However, continuous progress in ICT force schools to 

follow and adopt new technologies, ex. 3D printing, drawing in 3D with 3D pens, using virtual and mixed 

reality sets. The presented study is aimed to report the current usage of ICTs by science teachers, 

availability of typical and modern technologies, and teachers’ attitudes towards ICTs available in their 

classrooms. The research was based on a survey and covered 200 science teachers from Poland and 

Slovakia, teaching various science subjects on all educational levels. The results suggest similarities and 

differences between various science subjects teachers, and technologies favourable at various levels of 

education.  
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A learning community is a group of people whose members have a common interest. In the community there 
is an active, dynamic and ongoing process that its members learn together, from sharing, responsibility, group 
commitment, knowledge sharing, personal and group reflection. Professional knowledge is jointly built from 
the work done by the professionals. Leading the professional communities of teachers is done by experts who 
are teacher leaders. Community leaders are committed to professional training and development processes 
that enhance their skills and knowledge regarding the topics they lead, and the skills required to lead the 
communities. The community's main goal is to answer a real need from the field: the teachers are single in 
their doing; the door of their classroom is closed, and the teachers learn mostly from their own experience. 
They rarely attend professional training, as they do not see much value in the contribution of an outside expert 
who "transfers materials". These courses reflect an approach whereby important knowledge about teaching 
is not in the hands of those engaged in the craft. The communities of chemistry teachers are the result of a 
joint initiative of the chemistry inspector, Dr. Dorit Teitelbaum, and of the chemistry group at the Weizmann 
Institute. The project is supported by the Ministry of Education. As mentioned above, in the different 
communities, teachers share learning materials and ideas, learn from each other's experience, with the 
common interest in promoting the quality of teaching chemistry. 

TIRA community is one of eight chemistry communities scattered around the country.  We meet in a 
homely atmosphere "over a cup of coffee and cake".  The teachers in the community speak Arabic and 
everyone is from the Triangle area. TIRA community has existed for four years, while in the first year it 
was led by Dr. Rachel Mamluk Na'man and Hanin Bishara, and afterwards by Hanin Bishara and Rawda 
Ganem. The number of participants is about 25 teachers. We meet over the year once every two weeks, the 
meetings take place at Ibrahim Qassim High School in Tira. The teachers investigate the relationship 
between practice and student learning outcomes, analyze teaching and learning processes, draw 
conclusions, and make changes in order to improve their teaching and the learning of their students.  At 
TIRA community we had some special corners like: "Writing questions" in a certain format, preparing a 
test from a common format, and a special activity of "How do I teach it". These two spots have been adopted 
at the request of our students and according to our community's need. Our professional learning community 
has a very high percentage of excellent expert teachers together with novice teachers, by exposing them to 
a diversity of teaching methods. Based on interviews with the participating teachers, we may conclude that 
the professional learning community contributed a lot to the participating teachers, in enhancing their 
pedagogical content knowledge. 
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Until recently, the science education approach of many Science Technology Engineering Mathematics 
(STEM) teachers and instructors has been knowledge-providing and problem-solving. The development of 
cognitive and metacognitive skills, particularly question posing and critical thinking, were not encouraged 
(Dori & Herscovitz, 1999). Similarly, students' assessment was based on written examinations and lab 
reports. These methods do not cater to the development of skills expected from 21st. century scientists and 
researchers (NRC, 2012). Project-based learning (PBL) is a dynamic approach where students work either 
individually, or in small groups, exploring real-world problems and challenges (Barak & Dori, 2005; 
Savery, 2006). 
We examined the question posing and transfer skills of undergraduate students participating in a PBL course 
with a context-based learning (CBL) setting (Dori, Avargil, Kohen, & Saar, 2018). In the CBL, studens 
were engaged in designing innovative food products, such as a protein-rich yogurt-based drink for 
sportsmen and women and omega-3 rich ice-cream for pregnant women. The course was taught at the 
Faculty of Biotechnology and Food Engineering at the Technion. The research participants included 68 4th-
year undergraduate students. Data was collected based on the mixed methods approach, including both 
quantitative and qualitative tools. The research tools consisted of a questionnaire and students' final product 
and poster evaluations.  
We investigated students' question posing skill with respect to context-based scientific texts and 
demonstrated higher order thinking skills. The transfer skill was assessed via food product design and the 
specific characteristics of a unique product the students seggusted. We triangulated the results by assessing 
the students' final projects and posters to gain better understanding of the contribution of the learning 
method to their professional development. We found a significant correlation between the students' 
questions posing and the students' final project grade as well as a significant correlation between the 
students' transfer skill and their final project grade. No correlation was found between question posing and 
transfer skills. The research contributions are both theoretical – to the body of knowledge about STEM 
higher education in the 21st century, and practical– providing recommendations for design of courses that 
can be applied in other STEM higher education courses based on better understanding of undergraduate 
students' thinking skills. 
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During the years 2012-2019 a project focusing on Nanotechnology was operated for the students of Shimon 
Ben-Zvi high school by the staff of the Nanotechnology center of Bar-Ilan University and teachers from 
our high school. The objectives were motivating students to participate in the Scientific Excellence class 
and choosing Chemistry and other natural sciences as a major. Additional objectives were exposing the 
students to contemporary science, by becoming experts in a field which is supposedly too advanced for 
them at their high school stage, and meeting research students, who were not long ago in high school. 
The three phases of the project would be described – focusing on the contributions to Chemical education, 
and demonstrating different products of the three parts.  The summative reflection, which is performed by 
participant students, staff and parents shows a sense of pride and ownership by all parties towards the 
project. Students expressed a sense of accomplishment at being able to summarize their work and present 
it using academic tools, such as poster sessions, seminar lectures & writing a thesis. Students participating 
in the project reported having an easier access to PBL assignments during their curricular studies. In recent 
years many of the students have been more concerned about comprehending the advanced topics in their 
preliminary years of high school and prefer other kinds of projects.   
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In order to prepare students for challenges in their future work-life, the European Commission (2013) em-
phasises collaboration as one of the core competences within 21st century education. Mobile Computer-sup-
ported collaborative learning (mCSCL) expands collaborative learning by a digital dimension, utilising mo-
bile devices like tablets to assist joint student learning (Zurita & Nussbaum, 2004). mCSCL offers an ap-
proach to effectively implement digital devices into teaching practice. Furthermore, it has shown positive 
learning effects, especially in STEM-Education (Science, Technology, Engineering and Mathematics), being 
particularly suitable for complex matters (Kyndt et al., 2013). However, there are also research gaps con-
cerning student motivation and interaction in digital-collaborative learning environments (Sung et al., 2017). 

The subject of this study is a unit extending over several lessons, utilising the collaborative think-pair-share 
learning strategy in advanced chemistry courses in German Gymnasium (age 15 to 16). The students deal 
with the chemical equilibrium, a difficult topic; studies have shown that students have many misconceptions 
concerning this matter (García et al., 2014). In the think-phase, the students work with an interactive iBook 
by themselves, developing questions about the chemical equilibrium to ask their classmates in the following 
pair-phase. During this phase, the students work in subgroups of four. They exchange their questions and try 
to find answers using a chat app. In the final phase, the students share the questions and answers which they 
consider to be most important through a Padlet wall.  

During the last two phases, the class is divided into two groups (G1 and G2). Students in G1 can see who 
wrote which contribution. In contrast, G2 students collaborate anonymously. We focus on investigating the 
effect of anonymisation on multiple variables: Firstly, affective factors such as self-consciousness of single 
learners in group settings and secondly, process variables such as participation or speaking proportion of 
individual learners. Another advantage of the digital tools implemented in this study is that they allow the 
use of screen- and chat-logs for analysing the work of the students. Additionally, knowledge increase will be 
measured through pre-, post- and follow-up-knowledge tests. Evaluation questionnaires will serve as diag-
nostic tools for affective factors both during and following the intervention. The poster will present the re-
search questions, the design of the study and the learning material.  
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Our study investigates the effect of reading scientific articles in hybrid courses on scientific 
literacy of science and engineering students. The hybrid courses required active participation 
in face-to-face (F2F) lectures as well as weekly participation in discussions on scientific articles 
conducted via the course website. The research participants included over 50 undergraduate 
and graduate students who participated in one or two of the courses focusing on bio-chemical 
topics. Our research goal was to study the effect of reading scientific articles and participating 
in discourses on students' scientific literacy by investigating the students' posing question skills  
(Kohen, Herscovitz & Dori, 2020; Osborne, 2013) and graphing skills (Dori & Sasson, 2008). 
The research tools included pre- and post-questionnaires and analysis of students’ questions 
posted on the forum discourse (will be presented at a future publication). For analyzing the 
complexity level of the questions, content analysis was used. The rubric included four 
categories: interdisciplinary, question content, thinking skills and organization levels. For 
analyzing the graphing skills, we used a rubric containing categories of identifying the 
variables, finding relationship between variables, drawing conclusions and reasoning levels. 
The research findings (see Fig.1) indicated that participation in the hybrid courses improved 
the students’ scientific literacy skills. The complexity level of the questions the students wrote 
after reading the scientific adapted articles improved as the course progressed. The graphing 
skill also improved from the pre- to the post-questionnaires, that could be partially as a result 
of the students’ graph designing for their expected results of the experiment  they had designed. 
These findings indicate the importance of practicing scientific literacy in higher education. The 
outcomes of this study underscore the potential of hybrid course formats, which integrate face-
to-face sessions and the discussions of scientific articles.  
 

 
Figure 1: Students' average score in students' posing skill and graphing skill 
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Curricula and science standards demand for inquiry-based learning (IBL). Still it is not widespread. In 
Austria only 25% of the teachers have used IBL in their classroom (Hofer, Lembens, & Abels, 2016). 
One of the reasons why IBL is difficult to implement is that without professional scaffolding by the 
teacher, IBL is not successful (Blanchard et al., 2010). Scaffolding can be divided into macro-
scaffolding and micro-scaffolding (Hammond & Gibbons, 2005). Micro-scaffolding takes place in 
classroom while the students carry out their investigation. Macro-scaffolding encompasses the entire 
planning and preparation of lessons in advance.  

The authors’ project aims at increasing the implementation of IBL in the classroom by supporting 
students and teachers alike. Therefore, we introduce a digital media-supported learning environment 
with macro-scaffolding by a website. The website guides the students through their investigation. The 
interaction with materials and equipment takes place in the real world in the classroom. Students use 
boxes that offer equipment and material for experimentation. The boxes contain tasks at inquiry level 1 
and 2 (Blanchard et al., 2010). At level 1 students take responsibility for the interpretation of the results. 
At level 2 students are asked to plan an investigation to answer the initial question. To support the 
learning of the students e.g. videos, graduated aids and additional information are provided. The website 
offers multifaceted access to the information and follows certain guidelines to be as inclusive as possible 
(i.e. Arnold, Kilian, Thillosen, & Zimmer, 2018). During the lesson, students have to answer open 
questions regarding their planning of an investigation and their interpretation of observations. 
Otherwise, they get no access to the next steps.  

Two inquiry boxes on the topics “chemical reactions” and “density and buoyancy” are presented. The 
poster shows the various tasks and the measures undertaken to support all students in an inclusive 
classroom. 
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Diversity in learning groups is an increasing phenomenon in all educational systems (Forghani-Arani et 
al., 2019). In order to respond to learners’ diversity and needs and to effectively support students on their 
way to successful learning, teachers may design learning environments considering different types of 
goals, assessments, methods, materials and media. A potential framework for meeting this challenge is 
Universal Design for Learning (UDL). The UDL guidelines (CAST, 2018) suggest that different ways of 
presenting and processing information, presenting learning outcomes as well as encouraging learners' 
commitment and motivation should be considered from the beginning when planning lessons. However, 
various sources report that teachers face problems implementing the UDL framework in their teaching 
practice (Ralabate, 2016). 

To support the systematic integration of UDL guidelines we developed a model. For this purpose, 
interdisciplinary design elements proposed by CAST (2012) were combined with concepts and methods 
from chemistry teaching (e.g. Bybee, 2006; Klahr, 2000; Parchmann et al. 2006; Schmidkunz-Lindemann, 
1995). As a result, flexible teaching functions, such as tying-in prior knowledge, were designed for 
planning chemistry lessons with a “UDL spin” (Ralabate, 2016, 83).  A sample chemistry lesson was 
developed to describe the interaction of different teaching functions and to demonstrate in how far UDL 
guidelines can be systematically integrated. The lesson planning model was applied in a seminar 
preparing prospective chemistry teachers for teaching in heterogeneous classes during the following 
internship semester. First results suggest that the developed lesson plan model can help prospective 
teachers to systematically implement UDL guidelines in chemistry lesson planning. Further investigations 
are necessary to prove the effectiveness of the model in practice. 

The poster displays the main aspects of the lesson plan model using an example from chemistry 
education.  
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Participating in a knowledge society, meeting complex challenges, fulfilling civic responsibilities, and 
living rewarding lives, including professional lives in the globalized World requires a broad set of skills 
and abilities, called the 21st century skills. Scientific thinking and reasoning involving critical thinking, 
evidence-based thinking and epistemic understanding is one of these skills that needs to be acquired (e.g. 
Trilling & Fadel, 2009). This is especially the case in higher education where teachers should prepare 
students for very complex tasks of working live. However, can scientific thinking and reasoning skills 
be assessed as really relevant for all university students? In fact, only a few university graduates will 
become pure researchers, while a majority will pursue careers in professions that are not 
predominantly scientific (Lehtinen et al., 2019). Even in pharmaceutical, biotechnological or 
agrochemical companies, there are highly specialized professions like quality assurance experts or 
quality control analysts that are not primarily considered scientific positions. 
 
To answer the question about how important are the scientific thinking and reasoning skills to university 
students looking for primarily “unscientific” jobs in pharmaceutical, biotechnological and related 
companies, we have developed a scientific thinking and reasoning framework and tested its functionality 
(relevance) in seven relevant international companies with a branch in the Czech Republic. The 
framework was presented as a potential amendment to a competency model already existing in the 
companies. The pilot framework was based on an in-depth desk-based analysis of existing literature 
related to scientific thinking and reasoning (e.g. Fisher et al., 2014). After testing, the pilot framework 
was modified in accordance with results of half-structured interviews with the relevant company 
representatives. The final framework – competency model – including description of the importance of 
particular scientific thinking and reasoning skills for several “unscientific” positions in the companies will 
be presented at the conference for further discussion. 
 
Besides the framework, our research revealed another finding: All the companies testing the framework 
didn't include the scientific thinking and reasoning skills in their employee competency models (or at 
least they didn't call the skills that way). We believe that our competency framework may serve as a 
communication tool among universities, companies (potential employers) and policymakers responsible 
for integration of scientific thinking and reasoning skills into the educational agenda. 
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Diversity in Science towards Social Inclusion
Non-formal Education in Science for Students` Diversity

Purpose of the Project

Silvija Markic, Sarah Kieferle, Corinna Mönch, Iztok Devetak, Jane Essex, Martin McHugh,Sarah
Hayes, Saima Salehjee, Marina Stojanovska

Prof. Dr. Silvija Markic
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Institute for Science and Technology - Chemistry Education 
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• development and implementation of  innovative methods, tools, and activities to 
developing good practice examples for inclusive science education, aiming at an 
improvement of the education of disadvantaged groups of students in non–formal 
educational settings, 

• developing and implementing an evaluation framework for assessing inclusive 
practices in science education,

• supporting science teachers in teaching diverse science classes through in-service 
teacher training (CPD),

• challenging pre-service science teachers’ beliefs about diversity and providing them 
with strategies of dealing with it in their future teaching. 

Partners

Innovation

Structure of the Project

• Ludwigsburg University of Education (Germany
• University of Limerick (Ireland)
• University of Strathclyde (UK)
• University of Ljubljana (Slovenia)
• Ss. Cyril and Methodius University, Skopje (North Macedonia)

Pedagogical Model of Differentiation
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Educating Science Teachers for All 
ESTA

Background of the Project

Corinna Mönch, Silvija Markic, Cathrine Martin, Sarah Hayes, Marika Kapanadze, Nino 
Modebadze, Ines Nuic, Zora Pilic, Lydia Roleda and Maria Paz Morales

Corinna Mönch
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Building a transnational network of
university science teacher educators in 
which evidence for the effectiveness of
new approaches to science teaching and
learning will be shared and discussed in 
order to implement only the most
effective and efficient measures.

• EU-report on science education for responsible citizenship and the Paris declaration 
recommend teaching all students for our better future

• in Georgia, the Philippines, and Bosnia and Herzegovina, a large number of young 
people do not meet basic requirements in science. 

• in international assessments of science performance in which all three countries 
scored very low. 

• one great challenge for science education in Georgia, Bosnia and Herzegovina, and 
the Philippines are the countries’ plurality of languages and cultures. 

• while the education system in Georgia, and Bosnia and Herzegovina, underwent 
major changes after the fall of the Soviet Union and the subsequent conflicts in 
power relations, colonialism has left its imprint on the Philippine educational 
system. 

• science education in all three countries takes place amidst political and ethnic 
differences divides that translate into linguistic heterogeneity and cultural diversity.

Goals of the Project

ESTA Partners Main Strategy

Expected Results

Programm Countries: 
§ Ludwigsburg University of Education, 

Germany (Coordination) 
§ University Of Limerick, Ireland

Partner Countries: 
§ Ilia State University, Georgia
§ Iakob  Gogeebashvili Telavi State 

University, Georgia
§ University of Sarajevo, Bosnia and 

Herzegovina
§ University of Mostar, Bosnia and 

Herzegovina
§ De la Salle University, The Philippines
§ Philippine Normal University, The 

Philippines

• improving the level of competencies in HEI in partner countries by 
professionalization and development of university science teacher educators 
regarding diversity in science classes (focus on language and culture). 

• teacher educators, in turn, will share their knowledge and skills with in-service and 
pre-service science teachers, and thereby contribute to a more inclusive and higher 
quality science teaching. 
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The copper cycle is a set of reactions that have metallic copper as the initial reagent and as the 
final product. Although the copper cycle that is learned at an academic level is not the typical 
process of copper recycling, it is used to explore several types of chemical reactions (oxidation-
reduction, acid-base and precipitation), and the principle of mass conservation. However, students 
revealed some difficulties in the central concepts that are involved in the copper cycle, namely 
chemical reactions (e.g. Yan & Talanquer, 2015) and mass conservation (e.g. Ozmen & Ayas, 
2003). In this sense, it is essential to use teaching strategies that help students to learn about these 
key concepts. In particular, inquiry, given its characteristics, can promote a change in students’ 
perceptions and, thus, contribute to the development of their cognitive structures, i.e., the 
relationships established between concepts, terms or processes (Nakiboglu, 2008). A central 
feature of inquiry is to create opportunities for students to reasoning, argue, stand for their 
positions and build meanings from the learned concepts (Tweed, 2009). Although studies indicate 
that inquiry supports students’ conceptual learning, the studies that describe how the use of 
inquiry helps students to develop their cognitive structures are still scarce. Taking this into 
account, this study aims to contribute to an increase of knowledge in this area and was guided by 
the following investigative question: What is the effect of an inquiry lesson sequence about the 
copper cycle in the development of 12th grade students’ cognitive structures? 
This study follows a pre-experimental one group pretest–posttest design, providing an 
intervention during the experiment. Participants were 43 students, belonging to 12th grade (48% 
female, 52% male; age range 17-19) that performed an activity with an inquiry approach. The 
activity was built based on the 5 E´s model (Bybee et al., 2006). The lessons about the cycle 
copper (total duration 270 minutes) were taught by one Chemistry teacher and a Word Association 
Test (WAT) (Nakiboglu, 2008) was used to collect data. WAT was applied in two moments of 
the study and five stimulus words (copper, copper nitrate, copper hydroxide, copper oxide and 
copper sulfate) were given to the students. Students were asked to write as many terms associated 
with the stimulus words as they could, and to write a sentence including each one of the stimulus 
words and their response words. The results show that the students’ cognitive structures 
progressed from the pretest to posttest, with all the stimulus words interconnected, in a more 
structured arrangement, and with a change in the nature of theses connections. 
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Abstract 
Is, developing and using models, a one-way path? Models generate more concrete mental models of the 
abstract phenomena and in turn, help in developing the nature of scientific reasoning. In the context of 
Science, Technology, Engineering, and Mathematics (STEM) education, developing and using 
scientific models play a vital role in explaining the abstract phenomenon. Essentially, science is a 
discipline that cannot be taught to students simply by instructing through discourse. Thus, the scientific 
models act as supplements to the dialogues and texts, particularly in chemistry which deals with non-
visible and sub-microscopic phenomena. Hence, models influence the teaching and learning of 
chemistry, thereby influence the perception of the scientific phenomenon among teachers and students. 
Considering the importance of scientific models, our study is focused on the middle school science 
teachers’ dilemma about developing and using models in chemistry learning, using the Project-Based 
Inquiry Science (PBIS) Air-Quality science curriculum module. Besides, students, in particular, middle-
school students, are facing hardships in constructing scientific models of the abstract concept in 
chemistry as they are in the developing phase of learning. The research objectives are to (a) identify the 
gaps between science teachers’ perceptions of “developing and using models” in the chemistry 
classroom in comparison with description of this scientific practice in the documents: A Framework for 
K-12 Science Education, and (b) investigate middle-school students’ ability of developing and using 
models for scientific understanding in the context of PBIS Air-Quality module. Our research study 
includes four public middle school science teachers who taught chemistry in the context of PBIS Air-
Quality module to 8th-grade students.  The study also includes 346 middle school grade 8 students from 
north-eastern region of the U.S.A. We apply mixed methods approach in our study. The qualitative part 
includes semi-structured teachers’ interviews as a tool for analysing the data. The quantitative part 
includes students’ pre and post questionnaires and drawings of air quality before and after the study of 
PBIS Air-Quality module. The findings show that middle school science teachers differ in their thinking 
about developing and using models, and we identified gaps between their perceptions and the recent 
framework of K-12 science education. In addition to this, middle school students’ ability of developing 
and using models for scientific understanding enhanced to great extent. Our research contributes to 
establishing, the gap in the teachers’ perceptions of developing and using models as well as 
misconceptions held by students. This study will help teachers to focus their attention in the direction 
of implementation of appropriate tools for developing and using models in the science curriculum. 
Hence, will help teachers in achieving educational goals of scientific learning and practices. This 
research will also help in addressing the misconceptions held by the students at the middle school level. 
Our study gives scope for future research for finding appropriate tools to fulfil the gap presents in the 
teachers’ perceptions of using and developing models according to what is conceptualized in the 
framework of K-12 science education and, especially for middle school students. 

   
Figure:1 Students’ pre air quality drawing   Figure:2 Students’ post air quality drawingng 
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The intake of dietary supplements in popular sports is widespread as for example an analysis of Google 
trends and Google correlate highlights (Spitzer & Lembens, 2018). To shape their body, young people 
are increasingly resort to sports nutrition supplements. It appears that they are influenced to do so by 
Instagram and YouTube. Due to a large proportion of students doing sports several times a week and the 
fact that weight training is one of the most popular sports among boys (Burrmann & Mutz, 2017), the 
topic of dietary supplements may therefore be classified as important for students in chemistry. A 
comparison of the subscription rates of female and male fitness YouTubers suggests that it is a relevant 
issue for both sexes. A glance at the supermarket shelves reveals an increasing proportion of everyday 
foods with significantly higher protein content. Everyday foods such as yogurts, but also classic chocolate 
bars, are offered in a new version with added protein. 

Some of the ingredients of dietary supplements, such as vitamins, are already discussed in school and 
have previously been examined in the context of chemistry didactics (e. g. Holfeld, 2002). Belova, Chang 
Rundgren, and Eilks (2015) dealt with protein shakes in chemistry classes, but with a special focus on 
advertising.  

The poster focuses on the currently popular protein shakes and products as a socio-scientific issue and 
points out possible further starting points for chemistry lessons like isolation of proteins by using 
isoelectrical points as part of the production process or the composition of proteins from amino acids. The 
aim is to enable students to make informed decisions about the consumption of protein shakes. 
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Chemistry is one of the most complex subjects in primary and secondary education and students 
oftentimes lack of interest and motivation to further study chemistry. There are several reasons for this, 
but one of the biggest is the unfavorable situation in Macedonian schools. Namely, there are almost no 
chemical laboratories where students can experiment and develop the love for chemistry. The important 
goal for educators is to try to transfer both knowledge and practical skills to students (Trna, 2005). 
Furthermore, it is necessary to show the students that chemistry is very important and useful, and 
interesting for being studied in many ways. The affective aspect of the learning process is as important as 
a cognitive one. Therefore, our constant effort is to motivate students and to popularize chemistry among 
them through spectacular chemistry experiments. Nowadays, ideas for such experiments are quite easy to 
find (Exhibition Chemistry, 2019). 

Chemical spectacles at the Institute of Chemistry at the Faculty of Natural Sciences and Mathematics in 
Skopje have been conducted since the 1993/94 school year. Later, two informal groups were involved in 
the organization of the spectacles – The Happy Chemist Group (in 2011) and The Not-so-happy Chemist 
Group (in 2015). The 14th Chemical Spectacle was held on April 4, 2019 as part of the activities planned 
for 2019 to celebrate the International Year of the Periodic Table (Stojanovska & Petruševski, 2019). We, 
the experimenters, were dressed as the scientists who made the biggest contribution to discovering the 
elements that were mentioned. In this way, the tradition of holding chemical spectacles, on one hand, and 
this jubilee on the other, were merged. Some of the performed experiments were: explosion of a mixture 
of hydrogen and air in a biconvex container, changing the pitch of the voice in helium enriched air, 
reaction of liquid sodium-potassium alloy with water, spontaneous inflaming of silanes generated in air, 
writing with phosphorus, synthesis of sulfur dioxide etc. 

The chemical spectacles are attended by primary, 
high-school and university students, teachers, 
and all chemistry lovers who are interested in 
watching spectacular chemical experiments with 
a little “theater”. Through these spectacles, the 
Institute of Chemistry becomes a place of social 
interaction for all generations and an opportunity 
for non-formal learning. 

 
Participants in the 14th Chemical Spectacle 
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With widespread agreement of chemistry education researchers that collaborative learning curricula in 
STEM education is beneficial, the question of the virtue of collaborative assessment remains unresolved.  
Generally, we are interested in looking at the development of student reasoning and the possible impact of 
collaboration on that reasoning at the general chemistry level.  In this study, we aimed to better 
characterize individual student reasoning and better characterize what is happening during collaborative 
assessment.  To do this, we developed and tested an analytical framework for student explanatory 
responses to illustrate and categorize their reasoning.   Using this framework, we performed an analysis of 
both the individual and the collaborative explanatory responses in a second semester general chemistry 
course at the University of Arizona that uses both individual and collaborative assessment.  I will present 
the initial findings of this study. 
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Students’ ability to solve problem tasks is seen as a key aspect of education by the OECD. Research results 
(e.g. PISA) indicate significant reserves of Czech students in this area (OECD, 2019). The possible cause 
is the lack of development of these abilities in schools. The active role of the teacher is crucial. Nevertheless, 
teachers' ability to solve problem tasks has not yet been examined. The presented research focuses on 
chemistry teacher students, the condition and possibilities of their ability to solve problem tasks 
development. The aim is to map their adopted practices, strategies and problems of task-solving process. 
The results so far include testing focused on solving chemical problem tasks (taken from the Czech 
curriculum for lower-secondary schools), as well as general science tasks (from PISA). Both parts of the 
testing contained three tasks from different thematic units designed for 15-year-olds. These were given to 
the first-year bachelor’s degree students – prospective chemistry teachers (N=33). They achieved relatively 
low results in chemistry-oriented tasks. 64% of did not achieve a success rate of 50% in the test. 30% of 
the students achieved results of 50-74%. Only 6% of the students achieved a 75-100% success rate in the 
test. In general scientific-literacy-focused tasks (PISA), their results were different. Only 7% of the students 
achieved a success rate of less than 25%. In the 25-49% success category were 14% of the students, 46% 
of the students achieved a success rate of 50-74%. 32% ranged in 75-100% success rate. Compared to the 
non-chemical secondary (vocational) school students’ (15-year-old students) results (Tóthová, 2019), the 
chemistry teacher students’ results are better. Yet their success rate is low. 15-year-old students’ results can 
be explained by their attitudes towards chemistry (e.g. Rusek, 2013). However, the reason for such a low 
success rate for teacher students who chose chemistry as one of their majors and their ability to solve 
problem tasks when they enter work life is unclear. A possible cause of the students’ failure in solving 
problem tasks is also their excretion from the school/laboratory environment (Palečková, Tomášková, & 
Blažek, 2014). However, this does not explain the higher success rate in science-oriented problem tasks 
(80% of the students achieved 50% or more in the test). More information is therefore needed. The 
qualitative analysis of the task-solving procedure for the selected sample of students is planned. It will 
include eye-tracking, think-aloud and structured interviews (e.g. Tóthová, 2019). 
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Introducing the World of Research & Development into Chemistry Teaching 
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Chemistry teachers need to inspire their students and encourage them to choose a career in 
chemistry, while making learning relevant and exciting for them. It is important that pre-
service chemistry teachers (PSCT) will receive suitable tools during their training, while they 
are still open to ideas and not yet stuck in a routine (Chowdhury,2013 ; Hofstein, & Kesner, 
2015; Keisier, 2017). 

At Beit Berl College, a program has been developed that exposes PSCT to the world of 
Research & Development (R&D) in industry. Bringing them closer to R&D work will give 
them a chance to become familiar with such workplaces, so that when they begin to work as 
teachers, they will be able to introduce R&D into their teaching and offer non-routine 
activities that develop students' thinking and creativity (Haochlander, 2008). 

 A collaboration between "Adama Agricultural Solutions" and Beit Berl College has produced 
an invigorating PSCT program to entice high school students to engage in authentic problems 
in chemistry. 

PSCT accompanied researchers in their work. For example, they learned how to track the 
most efficient path to synthesize the active ingredient, how to manipulate the environmental 
conditions suited for a certain herbicide, such as humidity, temperature, pH, granulation or 
sustainability. They learned also about the considerations in finding the right concentration of 
different solvents. 

The PSCTs together with the researchers, planned a PBL activity for high school students, 
based on the work done in R&D industry.  

This study examined how the exposure to the work of researchers in R&D affected PSCTs' 
perceptions regarding the importance of familiarity with future workplaces for their teaching. 

The PSCTs learned how to integrate in class learning with authentic problem solving, and got 
knowledge about research processes and project development. They found that exposure to 
the problems encountered by engineers served as a model for teaching about inquiry. 

This partnership also presents an opportunity for the creation of a united community of 
scientists, math and science teachers, and students who choose to study these subjects 
intensively, a community that could serve as a center for instruction-learning processes and 
work hand-in-hand with the worlds of industry and research. 
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Familiarization and explanation of the contents included during process of teaching ‒ learning the 
chemistry, require from a student a well‒developed spatial imagination in order to create in his mind a 
correct image of the chemical object. This ability is developed in students to varying degrees, which 
results in problems with the correct assimilation of knowledge conveyed by the teacher. Useful tools 
helping with developing the spatial imagination are multimedia resources which can be used at various 
stages of chemical education. The perfect tools for creating multimedia teaching aids are computer 
programs which use computational chemistry to create animations and models of particles. Due to the low 
popularity of molecular modeling and chemical graphics programs in the teachers’ environment, in the 
following master thesis two chemistry programs are described. Various didactic aids for primary and 
secondary schools in these programs were prepared and the usefulness of these didactic methods in 
selected chemistry lessons from the perspective of both students and teachers, is evaluated. The 
usefulness of multimedia resources was assessed on the basis of the analysis of student surveys carried 
out in primary and secondary schools. The questionnaires were used to assess the impact of the used aid 
on the attractiveness of lessons, the development of spatial imagination and the level of understanding of 
the presented content. The results of the surveys show that the lessons utilizing multimedia resources 
prepared in the studied programs were considered more attractive and understandable. Supporting the 
lessons in secondary school was proven to be much more useful, where multimedia teaching aids largely 
facilitated the visualization of certain phenomena and chemical processes such as hybridization or 
chirality of molecules, thanks to which the students had better understanding of the presented content. 
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