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Abstract. Physics teacher education traditionally focuses on a science-

grounded educational approach that involves experimentation in the form of 

teacher demonstrations and student laboratory work. Introducing the SSIBL 

model in the framework of an in-service training course, “Contemporary meth-

ods in Physics Education”, required an in-depth introduction of the components 

of the model but also a case-based explanation of the relevance and necessity of 

socially sensitive science education for Hungary. The development of the 

course started with an immersion of teachers in science communication media 

related to burning social issues like the use and abuse of nuclear energy, the po-

tentials of renewable energy, safe and conscientious energy consumption etc. 

Background knowledge gained during the course was reinforced by the 2015 in-

ternational conference in Budapest, “Teaching Physics Innovatively”. Many 

presentations, symposia and a roundtable discussion targeted components and 

philosophy behind the SSIBL model. One much discussed social issue, the ne-

cessity of the expansion of the Nuclear Plant at the town of Paks was also sup-

ported by a guided site visit preceded by a roundtable discussion and followed 

by further elaboration during the TPD course. A survey supplemented by inter-

views was used to identify results and problems of the introduction of SSIBL in 

Hungary. This paper provides an overview of the TPD course, the projects de-

signed by the teachers and the general perception of the SSIBL model by Hun-

garian secondary school teachers of Physics. 
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Introduction 

Hungarian citizens often lack appropriate knowledge about developments in science 

and technology and therefore, the intensity and efficiency of science education has to 

be increased. Science teachers are instrumental in providing authentic and age-

relevant information and sharing values and attitudes about the role of science in solv-

ing crucial social, economic or health related problems for students and their families. 
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The results of science education, therefore, should not be restricted to targeting high 

performers and transmit knowledge and skills necessary to embark on a scientific or 

technological career. Our working group has initiated new methodologies through 

making science teachers aware of their role in teaching about socially relevant issues. 

We joined the Promoting Attainment of Responsible Research and Innovation in 

Science Education (PARRISE) project, a Seventh Framework Program (Grant Agree-

ment No. 612438, duration: 2014-2017) to expand our perspectives and enrich our 

repertoire of socially responsive teaching and education. Our in-service training pro-

gram is based on the framework for Socio-Scientific Inquiry-Based Learning (SSIBL) 

[1] that is founded on Responsible Research and Innovation (RRI). Each of its three 

components: Socio-scientific Issues (SSI), Citizenship Education (CE) and IBSE 

(Inquiry Based Science Education) address challenges and risks of scientific research. 

This complex framework reflects that science education needs to address issues of 

social relevance and empower students to become responsible adults who are able and 

willing to influence political decisions influenced by scientific research. 

The SSIBL Framework: A Social Engagement Model for Science 

Education 

The SSIBL Framework was developed by a European community of science teachers, 

teacher educators and educational researchers who participated in the PARRISE pro-

ject. One of the main objectives of this pedagogical model is to increase the agency 

and motivation of young people to pursue studies in science. The project objectives 

are as follows (cf. [2] for details and publications): 

 Provide an overall educational framework for socio-scientific inquiry-based learn-

ing (SSIBL) in formal and informal learning environments; 

 Identify examples of best practice; 

 Build transnational communities consisting of science teachers, science teacher 

educators, science communicators, and curriculum and citizenship education ex-

perts to implement good practices of SSIBL; 

 Develop the SSIBL competencies among European primary and secondary science 

teachers and teacher educators; 

 Disseminate resources and best practice through PARRISE website, digital and 

print-based publications online and face to face courses authored by national and 

international networks; 

 Evaluate the educators’ success using the improved SSIBL materials with preserv-

ice and in-service teachers. 

The project team collected and shared existing best practices in European science 

education and developed learning tools, materials and professional development 

courses for the SSIBL approach. The interrelations of the pillars of the model are 

represented in Fig.1.a. 
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Fig. 1. (a) The Socio-Scientific Inquiry-Based Learning (SSIBL) model. Source: [1]; (b) Hun-

garian model of socially-sensitive teaching. 

The model is based on the concept of Responsible Research and Innovation (RRI) 

which is connected with three pedagogical concepts: 

 Inquiry based Science Education (IBSE): this model, a core component of Hungar-

ian Physics education, is gradually being adapted by other science disciplines as 

well. It focuses on empowering students to act as researchers and offers them prob-

lems and solution scenarios to experiment with. 

 Socio-scientific Issues (SSI) are open-ended science problems that often involve 

controversial social issues closely connected to research and innovation in science. 

SSI encourage teachers to apply both scientific and moral argumentation and de-

velop solutions in relation to real-world situations like climate change, genetic en-

gineering, or the use of nuclear power as cheap and clean energy resource. 

 Citizenship Education (CE) is aimed at educating clear-thinking and enlightened 

citizens who participate in decisions concerning society, are aware of the rules of 

law and other regulations that concern interrelationships of social life and scientific 

innovation. 

Adaptation of the SSIBL Framework for Science Education 

As mentioned earlier, the main goal of education for social sensitivity is the develop-

ment of the feeling of responsibility in students (Fig.1.b.). Responsibility is a virtue of 

mind which makes it possible that students become adults who are capable of making 

socially sensitive decisions. However, motivation is not enough to make good deci-

sions concerning questions connected with natural sciences. The prerequisite of re-

sponsible thinking is an adequate knowledge base of the issue discussed. In the case 

of scientific and technological innovations, we should be aware of the advantages and 

dangers of these. We should be able to estimate the risk of the technical tools. To 

make the right decision, we have to think critically and independently. We should 

avoid being manipulated by the press and other media. Furthermore, we should be 
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aware of some simple facts about the working of the human brain and self-

knowledge. 

Hysteresis of Our Brain 

Human beings are thinking in patterns and it is easy to demonstrate that our brain (or 

thinking), as a typical non-linear system with memory properties, exhibits the hystere-

sis phenomenon [3]. Therefore the environment of a problem can greatly influence its 

solution. 

 

Fig. 2. Visual hysteresis. Source: [4]. 

Fig.2. shows a series of eight small pictures. If we look at the pictures not at once but 

one after the other, it turns out that depending on whether they follow each other 

right-to-left or left-to-right, a different figure will be perceived on the drawing which 

is in the middle of the series. (In right-to-left order we see a female nude figure and in 

left-to-right order a cartoon man head). This visual phenomenon can be interpreted as 

a hysteresis of the processing of visual information in our brain as explained by the 

curve visible above the small pictures [4]. 

Another and maybe more impressive illustration of this phenomenon is a little joke 

which can be seen at [5]. It shows that the answer to an opinion poll can be manipu-

lated if before the real question some other, misleading questions are asked. The ques-

tion was whether the polled person supports the introduction of military service or 

not. The same person gives a completely opposing answer depending on the series of 

questions they were asked previously. The video is very convincing in spite of show-

ing an imaginary (but plausible) situation. 
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Deep Knowledge 

As mentioned above, to make a good decision about a debated question, we need deep 

knowledge of the concepts of science regarding the task discussed. In the following, 

we are going to illustrate what we mean by deep knowledge through the discussion of 

a simple problem concerning velocity.  

Let us solve the following problem: two escalators move in parallel. The average 

velocity of both escalators directs downward. Can a person who can arbitrarily change 

escalators but not use any other means move upward? Although at the first sight in 

seems to be impossible, the task can be solved.  

Solution: Suppose that escalator (A) is moving uniformly with a speed v downward 

while escalator (B) ascends for a short time with speed 2v and then, for the same dura-

tion, moves downwards with speed 4v. The average velocity of escalator B thus points 

downwards, and is equal to that of escalator A. It is obvious that the person standing 

continuously on either escalator will be descending, but when both of the escalators 

are moving at the same time, the person can ascend if they change escalators at ap-

propriate times. The person should be on escalator B while it is ascending, and change 

to escalator A when it is descending. When escalator B begins to ascend again, the 

person should step back to escalator A. Repeating this procedure continuously, the 

person will be getting upwards on average. The example shows why it is important to 

make a clear distinction between the concept of instantaneous and average velocity. 

Fig. 3. illustrates the solution, but more convincingly, it can be understood through 

the simulation in [6]. 

 

 

Fig. 3. Motion on the escalators. Source: [6]. 

Antecedents of SSIBL Methods in Hungary 

In our opinion, perhaps the most important prerequisite of the IBL in physics is the 

use of an inductive and experiment-based teaching method. In Hungary, there is a 

great tradition of this kind of teaching methodology. In some important fields of phys-

ics (nuclear physics, environmental physics, sustainable development, risk estimation 

etc.), the association of social and scientific content has been realized. As we have 

mentioned before, the SSIBL has an inherent interdisciplinary character. In 1992, to 

promote interdisciplinary teaching in the field of environmental science at secondary 
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schools, an in-service training course for Environmental Studies teachers was 

launched at the ELTE. In the following, this early appearance of a model similar to 

IBSE will be illustrated with some examples. 

Measurements of Radioactivity 

In Hungarian schools, both at elementary and secondary level, there has been a de-

mand to connect scientific content of the curriculum to everyday life. This require-

ment has been being strengthened with the development of technical tools. However, 

in addition to the obvious advantages of new inventions many have realized that some 

(nuclear energy, aviation, genetic engineering etc.) could be very dangerous too. 

Sometimes, for example in case of the use of nuclear energy, the danger has often 

been exaggerated. Teachers should have helped students to balance between the ex-

treme views and to estimate the real hazards. George Marx, a Hungarian professor of 

theoretical physics, pioneered the introduction of risk estimation in education. He 

published a three-part series of articles [7–9] on the risks of modern technologies and 

the importance of understanding the role of the estimation of risk. He wanted to show 

that “low risk” is acceptable, but the measure of low risk depends on our decision. For 

example, in the nuclear field, the risk is determined by the ALARA principle (As Low 

As Reasonably Achievable). He was particularly sensitive to misunderstandings con-

cerning the use of nuclear energy. (The use of nuclear energy in our day is also a key 

question of the Hungarian economy [10].) In 1993, George Marx wrote a story [9] 

connected with the Chernobyl accident. The story took place in a Hungarian school. 

(In May 1986, Hungarian television announced that a radioactive cloud had reached 

Hungary.) Hungarian high school students at that time performed measurements with 

Geiger-Müller tubes; they measured also the background activity. 

George Marx’s story [9] about a Hungarian school. In the morning of the an-

nouncement, at a school, pupils queued at the door of the physics laboratory, early in 

the morning, waiting for the teacher. They wanted to measure the background activity 

again. It caused a great excitement when it turned out that the activity was three times 

higher than a month before. Students opened the windows to let the Chernobyl radio-

activity in and measured the background again. Surprisingly, it fell to the old value. 

The morning increase was due to the accumulation of radon in the unventilated class-

room during the night. The lesson was unforgettable for these students. As George 

Marx said: “Radioactivity around us is a fact of life. Nuclear fallout can be measured 

exactly, as we did in Hungarian secondary schools after Chernobyl, and as we have 

monitored radon since. High technology can be controlled. Understanding the facts 

influence the response of citizens, and thus the collective decisions of a nation in im-

portant questions. This is a prerequisite for the realization of democracy.” 
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The GLOBE Program 

The GLOBE (Global Learning and Observations to Benefit the Environment) pro-

gram [11] was launched 1994 in the USA with the goal of promoting the teaching and 

learning of science, with giving an opportunity worldwide for students to participate 

in data collection and the scientific process to better understand, sustain, and improve 

Earth’s environment. In the frame of an environmental observational system, students 

make measurements and observations in the field of meteorology, water chemistry, 

botany and zoology. Hungary joined to the GLOBE program in 1999. At present, 30 

secondary schools are participating in the program with the financial support of the 

Ministry of Education [12]. 

Environmental education can be efficient only if it treats the world both in its en-

tirety and its constituent parts. This is the reason why we organize yearly student 

competitions in photography, poetry, short story writing and drawing that demonstrate 

the relationship between man and its environment. 

A University Course on Everyday Physics 

Even though a main objective of physics is the explanation of everyday phenomena 

and processes, regular university courses are often too theoretical and do not concen-

trate on showing the application of basic laws in the interpretation of everyday phe-

nomena. Such an approach would be particularly important for future teachers. How-

ever, for a teacher, it is not enough to show the role of physical laws through the ex-

planation of everyday phenomena, they should also be able to interpret this explana-

tion at secondary school level. Therefore, a course with title of Everyday Physics was 

built in the curriculum of pre- and in-service teacher education. Its content is changed 

according to the students’ interest. The main topics generally involve the physics of 

cars (acceleration and braking, movement in the bend, physics of Formula 1, energy 

consumption of cars etc.), some questions about the weather (clouds, storms, light-

ning, weather forecast etc.) and the physics of sports. 

Current Activities Related to SSIBL  

Presently we are focusing on in-service teacher training. The main form of mediating 

IBSE and RRI toward teachers is an in-service teacher training course embedded in a 

Physics Education PhD program. 

The Physics Education PhD program of the Graduate School for Physics was 

launched 10 years ago in Budapest at the Eötvös Loránd University, as a possible 

measure against the continuous decrease in interest in physics among high school 

students. The new program declares that establishing a novel, inspiring way of teach-

ing some aspects of physics in a class is an achievement equivalent to traditional re-

search results. The program is special since it is tailored specifically to the needs of 

active, in-service physics teachers, and the candidates carry out their research at their 

own school [13]. 
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The research work is started right after entering the PhD school, but the first two 

years are devoted mainly to lectures. The four semesters, equal to four modules, each 

consisting of four courses from different fields of physics, such as astronomy, modern 

physics, chaotic dynamics and cross-curricular aspects of physics and chemistry or 

biology, etc. But each module contains a course especially devoted to teaching meth-

odology of physics. 

The TPD of PARRISE 

We developed our Teacher Professional Development course (“Current Contents and 

Methodology in Teaching Physics in the 21th Century”) for in-service teachers, based 

on the four modules of the Physics Education PhD program, customized according to 

the educational framework provided by PARRISE [2] colleagues and the national 

context. This enables science teachers to incorporate SSIBL. The course was official-

ly accredited and nationally validated in September 2014. We finished the pilot course 

in the spring of 2015 with 20 participants, who, without exception, are practicing 

Physics teachers. During the course, they learnt about current results of Physics as 

well as the methodology of teaching Physics at primary and secondary school level. 

Methodology focused on the pillars of the PARRISE framework and included good 

practice presentations on IBSE, PBL, RRI and on the educational interpretation of 

social sensitive scientific issues. 

One possibility for the completion of the TPD course is to write a pedagogical es-

say or to prepare e-learning materials on the topics of that module, e.g. on teaching 

strategies of classical physics, historically outstanding experiments in physics, relativ-

ity and cross-curricular aspects of physics and chemistry. Another option for course 

assessment is to take an oral examination or a written examination, or both, on the 

course material and earn university credit points that may be validated during doctoral 

studies in the PhD program for Physics Education at the Graduate School for Physics 

of ELTE. 

Case studies: The above requirements directly lead to the use of the elements of 

SSIBL at secondary schools [14]. The following case studies summarized below may 

serve as examples. 

At the conference organised in 2015 by the PhD school of ELTE in co-operation 

with the Hungarian PARRISE team, a series of lectures focused on good practice in 

physics education. A round table discussion was organised to feature different aspects 

of nuclear energy use [15] and the planned expansion of the nuclear power plant at 

Paks, a medium size Hungarian town. The plant was visited by conference partici-

pants who could witness the enhanced security measures and learn about the proce-

dure of producing “clean energy” [16]. 

Ildikó Takáts Lucz developed a project on the use of renewable energy, the ecolog-

ical footprint of man, and global environmental problems related to physics [17]. She 

employed project methodology also to engage 68 seventeen-year-old students in ex-
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ploring these issues. Students worked in small groups and shared their results on the 

internet.  

In the project by Edit Szombati, students measured the efficiency of light bulbs in 

use in Hungary [18]. There are four types of bulbs available: traditional Wolfram 

filaments, halogen, compact and LED light sources. Students performed measure-

ments in the school lab with each of them, compared the relative light output and the 

heat radiation of the bulbs. 

Balázs Kovács performed an educational experiment in two classes with 16 and 

17-year-old students, 45 participants in total. Students received project tasks related to 

sparing water and electric energy. The projects involved measurements at home, to be 

performed individually, collection and comparison of data, calculations performed in 

class or in groups, and preparing presentations about the results.  

Borbála Leitner organized informal learning projects outside the walls of the 

school building. She took her 13-year-old students on a field trip to see the water 

plant at the town called Tiszalök. The students took part in a guided tour where the 

functioning of the plant, the ways how energy is produced and transmitted, and the 

effects of floods were explained. 

An Optional University Course  

As a consequence of the GLOBE program, many students continued their secondary 

school education attending optional science courses. Therefore, our central goal is to 

integrate the GLOBE program more deeply into secondary level education. For inte-

grating this program in regular secondary education, a one-semester optional course is 

offered for BSc and MSc students in earth and environmental sciences and for future 

teachers of different subjects (Physics, Biology, Geography, etc.). Besides environ-

mental measurements, the course emphasizes the societal elements of sustainable 

development. An overview of the history of the predictions on the future of mankind 

and the earth is also provided from Malthus on, through the reports of the Club of 

Rome, till the recent UNESCO report “Shaping the Future We Want”. 

The Future  

Research on integrating social issues in physics education continues in the framework 

of the MTA-ELTE Physics Education Research Group, e.g. [19]. We hope to develop 

projects that may show how this model may be utilised within the scope of the Hun-

garian Core Curriculum and share them with the physics education community. 
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