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Editorial
Diversity in Science Towards Social Inclusion

Working towards greater equality of opportunities means striving for
the sustainability goals put forward by the United Nations, which also play a
central role in European Union sustainability policy. One of the most frequent-
ly named goals can be subsumed under Sustainability Goal 4.1 to ‘ensure that
all girls and boys complete free, equitable and quality primary and secondary
education leading to relevant and effective learning outcomes’ (UN General As-
sembly, 2015, p. 17) with a special focus on the appreciation of cultural diversity
(4a) and educating teachers to ensure an effective inclusive education system
(4¢). In a wider perspective, this contributes equally to Goal 10.2: to ‘empower
and promote the social, economic and political inclusion of all, irrespective of
age, sex, disability, race, ethnicity, origin, religion or economic or other status’
(UN General Assembly, 2015, p. 21). In particular, the European Commission’s
expert group for science education has conceptualised responsible science edu-
cation as ‘inclusive in terms of gender, social, economic and cultural diversity’
and, therefore, has adopted a broad definition of inclusive education.

The EU recommendation Science Education for All expresses the need
to focus on students currently disadvantaged in science education because of
poor linguistic skills, cultural and ethnic differences, lower socio-economic
status, or giftedness. For this purpose, the quality of teaching should be en-
hanced to improve the depth and quality of learning outcomes. In addition,
educators working in formal, non-formal, and informal settings should col-
laborate to ensure that effective measures in the science education sector are
taken in a joint approach. This can increase the uptake of science studies and
science-based careers to improve employability and competitiveness. Taking
into account societal needs and global development, innovation and science
education strategies should be connected at local, regional, national, European,
and international levels.

Currently, career decisions in science are influenced by gender, class,
and cultural background, as shown in numerous studies (e.g., DeWitt et al.,
2011). Evidence comes from a large body of research investigating the role of so-
cio-economic status, ethnicity, and gender in science-related career decisions.
It is well documented that students with a strong socio-economic background
are much more likely to choose science subjects in school. Science fields tend to
be not only gendered in favour of males but also associated with white middle-
class students. For example, young women with migration backgrounds could
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thus be facing a twofold disadvantage, being both female and belonging to an
ethnic minority.

One of the main goals of science lessons is gaining content knowledge.
However, science knowledge and access to this important sector of the job
market are unevenly distributed. A major challenge in science education is to
support every student so that he or she can learn science in the best possible
way. This has been emphasised by the European Commission’s expert group
for science education, which stated that it ‘should be an essential component
of a learning continuum for all’ The expert group defined a need for ‘innova-
tive teachers’ strategies to address the diversity of students. If diversity is insuf-
ficiently addressed, this results in 1) social inequalities in the access to a wide
range of well-paid jobs, leading to social tensions, 2) low-achieving students
who do not acquire scientific literacy, which is central for becoming responsible
citizens in our society shaped by science and technology, and 3) gifted students
who cannot fully contribute to society.

The especially disadvantaged students in science are those who differ
from the ‘norm’ This is true for students with a lower socio-economic status,
those who speak other languages at home than the language of instruction, or
who belong to ethnic minorities. Unexpectedly, gifted students also tend to be
disadvantaged and underrepresented in science.

One challenge for inclusive teaching becomes clear in this discussion:
in most cases, interventions seek to support one disadvantaged group. Very
often, this group is separated from the other students. Thus, these practices are
not inclusive in the sense that all students learn together and are equally well
supported.

Starting from this idea, Rachel Mamlok-Naaman, in the first paper of
the issue, Diversity and Inclusion in Science Education: Why? A Literature Re-
view, discusses the relevance of diversity and inclusion. The paper is based on
a literature review of existing knowledge on the subject; different studies are
discussed, and the author investigates why inclusion and diversity are a topic in
science education.

The second paper, by Sarah Kieferle and Silvija Markic, Language Sup-
port in a Student Laboratory for Chemistry in Secondary School, focuses on deal-
ing with language diversity in non-formal education. A study presented in the
paper shows the way of dealing with diversity in students’ language skills. This
topic is important since students whose first language is not the language of in-
struction face difficulties in acquiring science knowledge. This has been shown,
for example, in the TIMSS 2007 study and other studies, in which students who
spoke the language of instruction only seldom at home achieved lower levels in
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science than those who spoke the language of instruction at home on a regular
basis. These students have to learn science content and linguistic structures at
the same time. However, not only these students perceive the language in sci-
ence as difficult. Many students whose parents have little formal education are
also disadvantaged, because the subject-specific languages in science are very
different from everyday language.

In science education, the consideration of cultural diversity is relatively
new. This means that existing teaching approaches for addressing cultural di-
versity are rare, and there is a lack of concrete teaching material. However, it
is widely known that students from minority groups tend to be disadvantaged
in science. Racism is performed in science classrooms (Sheth, 2019), and the
science achievement of many ethnic minorities is significantly lower than that
of students of the ethnic majority (e.g., Norman et al., 2001). Students whose
parents are immigrants achieve lower scores than students whose parents were
born in the country. In this issue, Innovative Learning Activities for Ethnically
Diverse Students in Macedonian Science Education, written by a group of sci-
ence education researchers from University of Skopje (North Macedonia) led
by Katerina Rusevska, presents different innovative learning methods for eth-
nically diverse groups. Following this, Someone Like Me: A Trial of Context-
Responsive Science as a Mechanism to Promote Inclusion, written by Jane Es-
sex, Kirsty Ross and Ingeborg Birnie, discusses two studies that involve science
activities that were designed, implemented, and evaluated to show culturally
contextualised science.

The TIMSS and PISA studies showed that achievement in science is
strongly linked to the students” social background, especially the parents’ edu-
cational level and the socio-economic status. Researchers from the University
of Limerick, Genco Guralp and Sarah Hayes, present Non-formal Science Edu-
cation: Moving Towards More Inclusive Pedagogies for Diverse Classrooms on
this issue. The study focuses on best practice examples that strengthen the sci-
ence capital of students, which are applicable across various contexts of diversity.

Finally, Miha Slapnicar, Luka Ribi¢, Iztok Devetak and Luka Vinko fo-
cus on the group of students that is often not seen as a disadvantage in In-
quiry-Based Chemistry Education Activities in a Non-formal Educational Setting
for Gifted Students. Gifted students tend to be neglected in discussions about
inclusive teaching. However, these students need special attention in science
teaching, and underperformance can occur if their needs are not addressed.
If specialised support for these students exists, it often consists of a separa-
tion of these students in terms of ability grouping. They attend specialised
classes for high-performing students or are asked to participate in a science
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club. Although these can be very useful strategies, they do not follow the idea
of inclusive teaching. The researchers present a study that discusses the evalu-
ation of inquiry-based science education (IBSE) learning activities from the
perspective of gifted and non-gifted students. Individual interest, autonomous
and controlled motivation between different groups of students, and how these
activities affect their attitude toward IBSE, situational interest, and interest in
science careers are presented.

Three varia papers complete this issue. Rooserina Kusumaningdyah,
Iztok Devetak, Yudhi Utomo, Effendy Effendy, Daratu Putri, and Habiddin
Habiddin, in Teaching Stereochemistry with Multimedia and Hands-On Models:
The Relationship between Students’ Scientific Reasoning Skills and The Effective-
ness of Model Type, discuss a study on the influence of multimedia and hands-
on models on university students' understanding of stereochemistry. The study
concludes with the influence of different models and students’ skills.

The second varia paper, by Maja Kerneza and Igor Saksida, focuses on
a study of Slovenian Language Teachers’ Attitudes Towards Introducing Comics
in Literature Lessons in Primary School and shows the great need for teacher
training about the value and possibilities of usage of comics in primary schools.

The last paper in this section, written by Monika Mithans, Joca Zurc and
Milena Ivanu$ Grmek, discusses Perceptions of Didactic Strategies among Pupils
and Teachers in Primary School and shows that problem-based learning and
research-based learning as the most commonly used didactic strategies seen
both by teachers and students. However, some differences in teachers’ percep-
tions about how they teach and students’ experience of teaching are seen.

To round out the work on inclusion, a book by Jane Essex, Inclusive and
Accessible Secondary Science: How to Teach Science Effectively to Students with
Additional or Special Needs, published by Routledge in 2023, is reviewed by
Elisabeth Hofer. The book can be divided into two parts: the theoretical and
the practical. The book emphasises the importance of inclusive education and
shows possible ways for inclusive science education, summarised after more
than a decade of the author’s work on this topic.

The authors of this issue and I worked on the same goal in the Diversity
in Science towards Social Inclusion (DiSSI) Project, the overarching purpose
of which is to contribute to the equality of opportunities in science teaching.
DiSSI focuses on science learning since science knowledge is a key competence
for a wide range of jobs in engineering, industrial research, and many other
fields that form the heart of the economy. As defined in the EU report, this can
be conceptualised as a contribution to Science Education for Responsible Citi-
zenship. This will help teach students to shape our future responsibly based on
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scientific evidence, as requested in the Paris Declaration.
We hope our contribution will enrich your teaching and motivate you
for further work in this field.

SiLvijA MARKIC
Acknowledgement

This research was part of the project ‘DiSSI - Diversity in Science to-
wards Social Inclusion — Non-formal Education in Science for Students’ Diver-
sity, which is co-funded by the Erasmus+ Programme of the European Union,
under grant number 612103-EPP-1_2019-1-DE-EPPKA3-IPI-SOC-IN. We want
to thank the European Union for its financial support. The European Com-
mission’s support for the production of this publication does not constitute an
endorsement of the contents, which reflect the views only of the authors, and
the commission cannot be held responsible for any use which may be made of
the information contained therein.

References
DeWitt J., Archer L., Osborne J., Dillon J., Willis B., Wong B. (2011). High aspirations but low

progression: The science aspirations-careers paradox among minority ethnic students. International

Journal of Science and Mathematics Education, 9(2), 243-271.

Norman, O., Ault, C., Bentz, B., & Meskimen, L. (2001). The black-white ,achievement gap" as
a perennial challenge of urban science education: A sociocultural and historical overview with

implications for research and practice. Journal of Research in Science Teaching, 38(10), 1101-1114.

Sheth. M. J. (2019). Grappling with racism as foundational practice of science teaching. Science

Education, 103(19), 37-60.

UN General Assembly (2015). Transforming our world: the 2030 agenda for sustainable development.
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/

globalcompact/A_RES_yo_1_E.pdf

11



12



FOCUS C-E-P-S Journal | Vol.14 | N°1 | Year 2024

DOIL: https://doi.org/10.26529/cepsj.1718

Diversity and Inclusion in Science Education: Why?
A Literature Review

RACHEL MAMLOK-NAAMAN!

~> Inthelast twenty years, there has been a consensus around the world that
effective science education is vital to economic success in the emerging
knowledge age. It is also suggested that knowledge of science and scien-
tific ways of thinking is essential to participation in democratic decision-
making. Students may recognise differences and advocate diversity, but
assimilating those ideas requires the creation of conditions in which stu-
dents can think deeply about situations that require tolerance. Schools in
many countries and regions of the world are places shaped by cultural
diversity. One may observe that in many schools there are social develop-
ments like migration and demographic and value change, consequently
increasing the diversity of students. The issue of diversity in science educa-
tion is therefore tackled according to many aspects, e.g., culture, language,
scientific literacy and gender. The aim of the present literature review is
to align the ERASMUS+ project Diversity in Science towards Social In-
clusion with studies and views regarding diversity and inclusion in sci-
ence education. The main goals of this project were to promote inclusive
education and to train and foster the education of disadvantaged learners
through a range of measures, including supporting education staff in ad-
dressing diversity and reinforcing diversity among education staff. Prac-
tices dealing with dimensions of diversity and inclusion in science educa-
tion are developed and the partners shared the good practices that they

developed.

Keywords: diversity, inclusion, chemistry language, culture, scientific

literature

1 Department of Science Teaching, Weizmann Institute of Science, Rehovot, Israel;
rachel. mamlok@weizmann.ac.il.
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DIVERSITY AND INCLUSION IN SCIENCE EDUCATION: WHY? A LITERATURE REVIEW

Raznolikost in inkluzija v naravoslovnem izobraZevanju:
zakaj — pregled literature

RACHEL MAMLOK-NAAMAN

~> V zadnjih dvajsetih letih je bilo po vsem svetu dosezeno soglasje, da
je u¢inkovito naravoslovno izobrazevanje klju¢nega pomena za gospo-
darski uspeh v nastajajoci dobi znanja. Prav tako se domneva, da je po-
znavanje naravoslovja in znanstvenih nacinov razmisljanja bistveno za
sodelovanje pri demokraticnem sprejemanju odlocitev. Ucenci lahko
prepoznavajo razlike in zagovarjajo raznolikost, vendar je za usvajanje
teh idej treba ustvariti pogoje, v katerih lahko uéenci poglobljeno raz-
migljajo o situacijah, ki zahtevajo strpnost. Sole v stevilnih drzavah in
regijah sveta so kraji, ki jih oblikuje kulturna raznolikost. Opazimo lah-
ko, da v veliko $olah prihaja do druzbenih dogajanj, kot so: migracije ter
demografske in vrednostne spremembe, kar posledi¢no povecuje razno-
likost u¢encev. Vprasanje raznolikosti v naravoslovnem izobrazevanju se
zato obravnava glede na $tevilne vidike, npr. kulturo, jezik, naravoslovno
pismenost in spol. Namen tega pregleda literature je uskladiti projekt
ERASMUS+ DiSSI (Diversity in Science towards Social Inclusion) s
$tudijami in pogledi na raznolikost in inkluzijo v naravoslovnem izo-
brazevanju. Glavni cilji tega projekta so bili: spodbujanje inkluzivnega
izobrazevanja ter usposabljanje in spodbujanje izobrazevanja prikrajsa-
nih ucencev z razli¢nimi ukrepi, vklju¢no s podporo izobrazevalnemu
osebju pri obravnavanju raznolikosti in krepitvi raznolikosti med izo-
brazevalnim osebjem. Razvite so bile prakse, ki obravnavajo razseznosti
raznolikosti in inkluzije v naravoslovnem izobrazevanju, partnerji pa so
delili dobre prakse, ki so jih razvili.

Klju¢ne besede: raznolikost, inkluzija, kemijski jezik, kultura,

znanstvena literatura
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Introduction

Diversity in Science towards Social Inclusion (DiSSI) was an ERAS-
MUS+ project initiated by Professor Silvija Markic from LMU in Germany. The
main objective of the project was to promote inclusive education and training,
with an emphasis on enhancing educational opportunities for disadvantaged
students. This involved providing support to education staff to effectively ad-
dress and strengthen diversity within education staff.

Researchers from Ireland, Germany, the UK, Slovenia and Macedonia

developed a teaching approach that considers the needs of students:

. from low socioeconomic status backgrounds;

. from ethnic minorities or with cultural backgrounds that differ from the
mainstream culture;

. with low linguistic skills;

. who are considered as gifted students.

The aim of the present paper is to align the DiSSI project with studies
and views regarding diversity and inclusion in science education. The partners
shared the good practices that they developed dealing with diversity and inclu-
sion in science education.

There is a global consensus that effective science education is crucial for
economic success in the emerging knowledge age (Mansour, 2013). Further-
more, it is believed that a grasp of scientific knowledge and thinking is crucial
for active participation in democratic decision-making. Although students may
acknowledge differences and support diversity, assimilating these ideas necessi-
tates establishing conditions that enable students to engage in profound reflec-
tion on situations requiring tolerance (Mamlok, 2013).

In their 2009 publication, Lee and Luykx conducted a comprehensive
study analysing the impact of racial, ethnic, cultural, linguistic and socioeco-
nomic variability on science achievement among K-12 students, a demographic
group traditionally underserved by the education system. The book starts by
addressing science achievement gaps within diverse racial, ethnic and socioeco-
nomic groups. It then outlines the methodological and other criteria employed
in the research, concluding with a presentation of findings. These findings ex-
plore the correlation between science achievement gaps and various factors,
including the science curriculum, instruction, assessment, teacher education,
school organisation, educational policies, and students’ home and community
environments. The authors propose a research agenda aimed at strengthening
areas where a knowledge base is urgently needed.
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In many countries and regions of the world, schools have their own cul-
tural diversity (Riischenpohler & Markic, 2019). In many schools, there are so-
cial developments such as migration and demographic and value change, con-
sequently increasing the diversity of students (Stinken-Rosner et al., 2020; Lee,
2003). Riischenpohler and Markic (2019) investigated the concept of science
capital as it relates to chemistry education. They introduced the term ‘chemis-
try capital’ to capture the characteristics that contribute to individuals’ success in
the chemistry domain. These characteristics may include parental knowledge of
chemistry content and engagement in chemistry-related activities at home. The
authors conducted a study in which they interviewed 48 secondary school stu-
dents in Germany using thematic analysis. The findings indicate that chemistry
capital within the home environment is not uniformly distributed. Students lack-
ing familial connections with the mainstream conception of chemistry tend to
be located in schools with lower entry requirements. However, the research also
identified cases where students independently acquired chemistry capital, despite
the absence of familial support. To address these entrenched inequalities, the au-
thors advocate teaching methodologies that prioritise identity formation and that
actively involve students and their parents in a dialogue about chemistry.

Considering individual science/chemistry capital, there is a concerted
effort to make science education inclusive and accessible to all students, with
the aim of attaining scientific literacy for every student, beyond the prepara-
tion of those inclined towards academic careers in the sciences (Holbrook &
Rannikmae, 2009). The key idea is to foster scientific literacy for all students,
acknowledging that environmental, political, social or historical contexts can
contribute to shaping active and reflective citizens. Accordingly, the initial step
towards achieving ‘scientific literacy for all’ involves identifying stimulating
and pertinent scientific issues, contexts, problems and questions.

The PISA Framework (OECD, 2013), established by the Organization for
Economic Co-operation and Development (OECD), emphasises scientific lit-
eracy as the primary objective of science education. Scientific literacy is defined
as “the ability to engage with science-related issues and with the ideas of science
as a reflective citizen” (p. 7). A scientifically literate individual is expected not
only to possess the ability, but also the interest in engaging in informed discus-
sions about science and technology (Eilks et al., 2014). The PISA Framework
recommends skills such as the following:

. Explain phenomena scientifically: recognise, offer and evaluate explana-
tions for a range of natural and technological phenomena.

. Evaluate and design scientific inquiry: describe and appraise scientific studies
and/or experiments and propose ways of addressing questions scientifically.
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. Interpret data and evidence scientifically: analyse and evaluate data, cla-
ims and arguments in a variety of representations and draw appropriate

scientific conclusions.

Scientific literacy in our contemporary world is a multifaceted concept
consisting of media literacy and the ability to use information and communica-
tion technology (ICT) (Rodrigues, 2010). Media literacy, particularly in the con-
text of digital media, has emerged as an essential cross-curricular goal in modern
society, significantly influencing educational reforms (Belova et al., 2017).

The establishment of standards in science and mathematics education
is often inspired by the AAAS (1993) Benchmarks for Scientific Literacy re-
port. The science education standards articulated by the National Research
Council (1996) serve as recommendations for ‘best practices. These practices
encapsulate the current vision of the content, classroom environment, teaching
methods and support needed to deliver a high-quality science education to all
students. More recently, the Next Generation Science Standards (NGSS, Lead
States, 2013) have been developed to outline ‘the best practices’ for teaching
K-12 science content in the United States.

Attaining scientific literacy for all has evolved into a national educa-
tion goal in numerous countries (Marks & Eilks, 2009). This objective poses a
challenge for science teachers and those responsible for professional develop-
ment (Lee, 2004). Its achievement necessitates a reform in the way chemistry
is taught in schools (Norris & Phillips, 2003). Furthermore, the shift towards
incorporating socio-scientific issues (SSIs) and education for sustainable de-
velopment (ESD) in the chemistry curriculum reflects a broader reshaping of
goals for science education, aiming for a more critical perspective of scientific
literacy (Sjostrom et al., 2017).

All of the above is based on the assumption that teachers are the best
professional partners to develop lesson plans that combine issues related to
chemistry content knowledge (CK) and its associated professional content
knowledge (PCK). Teachers are more aware than others of the diversity of stu-
dents’ needs, interests and abilities.

Stinken-Rosner et al. (2020) stated that environmental, political, so-
cial and historical contexts play a crucial role in fostering students’ develop-
ment into active and reflective citizens. Consequently, the initial stride toward
achieving ‘scientific literacy for all’ involves identifying stimulating, captivating
and pertinent scientific issues.

To sum up, it is clear that teachers are at the centre of the sphere of
influence. It is therefore recommended that ‘top-down’ curricular procedures
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be avoided or reduced. Teachers need time to develop as policy-makers and
to make appropriate changes (Mamlok-Naaman et al., 2018). If our aim is to
achieve effective science education, we should therefore tackle the issue of di-
versity in science education according to many aspects, e.g., culture, language,
scientific literacy and gender.

Effective science education

Saet (2021) defined inclusive education as the practice of having all chil-
dren, irrespective of their differences or special needs, studying together in the
same school and within the same classrooms:

Inclusive schooling does more than teaching children maths and lan-

guage skills; it provides them with a safe space to grow and learn basic

life skills, such as cooperation, responsibility, and respect. (p. 1)

The consideration of student diversity is meaningful for teaching and learn-
ing science (Markic & Abels, 2014). Teachers often treat their classes as belonging
to homogeneous learning groups (Taber & Riga, 2016). However, the diversity of a
group should be regarded as an opportunity for every student to develop. Diverse
ideas and learning strategies may serve as a source of enrichment for every student
(Florian & Spratt, 2013). According to Stinken-Rdsner et al. (2020):

In order to address the diversity and different needs of all students and

enable full and equal participation, barriers must first be minimised or

avoided. Additionally, in an educational sense, participation is about
collaboration and creating different ways or approaches to a particular

learning object. (p. 31)

The barriers may be aspects such as culture, language, gender (as men-
tioned above) or lack of scientific literacy (Lee, 2005). Concepts and phenom-
ena should therefore be clarified for all students, acknowledging their personal,
sociocultural, affective and cognitive learning diversity (Stinken-Rosner, 2020).
Erduran (2003) claimed that ineffective communication between students and
teachers can result in a gap between what is taught and what is learned. In the
context of science lessons, achieving alignment between teachers’ understand-
ing of a specific science topic and students’ ideas about it is crucial. Such align-
ment indicates the accurate transmission and reception of scientific knowledge
in the classroom. For instance, ensuring the incorporation of key aspects such
as macroscopic/microscopic relationships and the role of modelling in estab-
lishing these relationships is essential.
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Bianchini et al. (2002) claim that issues of inclusion in science and rem-
edying inequities in the science classroom can be facilitated by integrating the
history, philosophy and sociology of science into professional development
programmes. Education policy and teacher education should support teach-
ers regarding these issues. Hilferty (2008) suggests that policy changes con-
nect teachers’ work to a larger citizenship agenda. Mamlok (2021) wrote that
we should:

Strive for the attainment of a common good, which involves constant in-

teraction among people from diverse communities and political agents

who work for the betterment of the public. (p. 14)

It has been suggested that the model of professional development is one
of the most effective methods to overcome the challenges that teachers face. It
enables teachers to reflect on and learn about how new practices can be evolved
or shaped from existing classroom practice. This is not simple, as it requires
teachers to re-examine what they do and how they might do it differently. In
addition, attaining challenging learning goals in science according to students’
needs represents a significant change in teachers’ roles. Thus, teachers must
enhance their ability to cope with diversity and the inclusion of students from
different cultural and socioeconomic backgrounds by using diverse teaching
strategies, inter alia (Mamlok-Naaman et al., 2013). Mamlok-Naaman et al.
(2007) claim that diverse teaching and instructional strategies, combined with
aligned assessment tools, may address as many students as possible in a hetero-
geneous classroom.

In summary, teachers need to receive guidance and support through-
out various teaching and implementation stages involving changes in the cur-
riculum (Harrison & Globman, 1988; Loucks-Horsley & Matsumoto, 1999). On
the one hand, it is not easy for teachers to undergo modifications that include
changes in content and in the way they teach (Mamlok-Naaman, et al., 2013);
on the other hand, it has been noted that teachers are typically excellent learn-
ers who are interested in trying to teach a new curriculum, as well as in improv-
ing and enriching their teaching methods (Joyce & Showers, 1983).

Cultural aspects

Pomeroy (1994) claims that there have been numerous studies dealing
with the needs of diverse learners in science education that addresses multi-
cultural, intercultural or cross-cultural education. In her paper, she mentions
the two main issues in American science education, as identified by scientists,
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science educators and stakeholders:

a. The growing gap between the racial, ethnic and gender demographics of
the population as a whole and those demographics within the scientific
establishment at all levels.

b. The inability of the education system to produce students who are scien-
tifically literate.

The major concern is the lack of policy-makers and researchers who
represent the increasingly diverse interests and needs of contemporary society.
Hora et al. (2019) claimed that:

One problematic feature of the influential student employability dis-
course in both K-12 and higher education is the widespread conception of
“skills” as decontextualized bits of knowledge, ability and disposition that alone
will determine a students’ success (or failure) in the labor market [...] This ap-
proach is evident in the ubiquitous lists of skills that college students should
acquire in order to be competitive in the rapidly automating and evolving labor
market of the 21st century—a narrative that we call the skills discourse in this
paper [...] As a result, researchers, policymakers, and postsecondary educators
are increasingly focused on integrating these competencies into the college ex-
perience via curriculum, instruction, and assessment. (p. 2221)

Referring to climate and culture, Friedman (1991) examined the differ-
ences between high-burnout and low-burnout primary schools. In addition,
he aimed to investigate the components of organisational climate and culture,
as well as social and professional support, in order to elucidate the burnout
process. Nevertheless, teachers play a key role in any change, and as such, their
beliefs, attitudes and culture should be considered within the socio-cultural
framework of their work (Mansour, 2013).

In another study, Lareau and Weininger (2003) attempted to evaluate the
outcomes of using the cultural capital concept in English-language educational
sociology. They formulated an approach emphasising the significance of scruti-
nising micro-interactional processes, whereby individuals strategically engage
in knowledge, skills and competence, together with institutionalised standards
of evaluation. The authors claim that these skills are transferable across genera-
tions and may constitute a component of the competences that students and
parents draw on in their institutional encounters.

One of the conclusions that can be drawn from the literature is that po-
litical decision-makers and educational reformers must consider teachers’ be-
liefs about the subject matter, the pedagogy in the respective domain, and the
cultural norms, values and traditions - a systemic view (MarKkic, et al., 2016).
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Language

Science educators at all levels are challenged by increasing cultural and
linguistic diversity, which is a consequence of globalisation. Mortimer and
Scott (2003) stated that learning science requires students to develop linguistic
competence in order to participate in subject-specific discourse and engage in
the social language of science using a specific vocabulary (e.g., Aikenhead &
Ogawa, 2007).

Effective teaching and learning necessitate a common language for com-
munication. As Lemke (1990) stated, learning the language of science is akin
to acquiring a second language. Selinker (1972) introduced the ‘Interlanguage’
theory, which is a framework for understanding psycholinguistic structures
and processes aimed at meaningful performance using a second language.
Chemistry students must comprehend the distinctions between the macro-
scopic, sub-microscopic and symbolic levels (Johnstone, 1991; Talanquer, 2011;
Slapnicar et al., 2018).

The same terms frequently have different meanings in the academic,
teaching and daily language of students (Childs et al.,, 2015). The language of
chemistry is prevalent in chemistry lessons. Marcik and Childs (2016) coined
the term ‘chemish’ to describe this unique language of chemistry:

The alphabet in chemish is expressed in the symbols for the chemical

elements, words are the formulae of chemical substances and sentences

and syntax are chemical equations and the rules of chemical combina-

tion. (Editorial, p. 434)

Rees et al. (2021) investigated the development of chemical language
usage among six non-traditional students for one to four years. In their in-
terviews, these students were asked about their understanding of macroscopic
and sub-microscopic scientific language, particularly regarding explaining spe-
cific chemical reactions. The transcribed interviews were analysed, revealing
the challenges faced by students in integrating sub-microscopic language into
their explanations. The students revealed a chemical interlanguage involving
the blending of everyday language with scientific terminology, the interchange
of terms, and the omission of terms and conversational phrases. One of the
conclusions was that combining everyday language with scientific language
may foster an understanding of the latter, provided that the everyday language
conveys an appropriate meaning.

As previously mentioned, language may be a major hindrance to many
students (Wellington & Osborne, 2009). The language of chemistry, including
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verbal, symbolic and diagrammatic elements, is often somewhat daunting for
students to recognise, employ and interpret (Osborne, 2002). Students also
struggle with understanding symbols that convey additional information, and
iconic symbols are often challenging due to their representation of abstract
concepts (Marais & Jordaan, 2000). Learning to understand and balance a
chemical equation is similar to learn a foreign language. Actually, it is even
more difficult, since the language of chemistry is abstract (Taber, 2009, p. 101).
Taber (2013) recommends exercising the use of science language in sci-
ence classes, so that the students will get used to it during the learning process.
In addition, textbooks that serve as curricular materials should consider this
issue and be more explicit regarding abstract representations in their content
(Niaz & Maza, 2011).
Laszlo’s claim (2013) may be a good way to summarise this section:
Chemistry ought to be taught in like manner to a language, on the dual
evidence of the existence of an iconic chemical language, of formulas
and equations; and of chemical science being language-like and a com-
binatorial art. (p. 1)

Gender

Significant strides have been made in advancing the empowerment of
women (Mamlok-Naaman, 2021). However, persistent gender-science stereo-
types in mathematics and science continue to exert an influence on this is-
sue, potentially negatively affecting the motivation of young women to pursue
STEM majors in college (Makarova et al., 2019). Women still encounter dis-
crimination and unconscious bias, as well as contending with family demands
(Mamlok-Naaman et al., 2015). The analysis of a survey entitled ‘A Global Ap-
proach to the Gender Gap in Mathematical, Computing, and Natural Sciences:
How to measure it? How to reduce it?” identified various contributing factors.
Recommendations stemming from this survey are directed at a range of stake-
holders, including teachers and parents of girls in primary, secondary and high-
er education, as well as educational organisations, scientific unions and other
global entities (Chiu & Cesa, 2020).

Blickenstaff (2005) claimed that women are still underrepresented in
science disciplines, particularly in technology, engineering and mathematics
(STEM), not only in the United States but also in most other countries globally.
Women continue to represent a small proportion of faculty members in science
and technology programmes, particularly in prestigious research institutions.
Female STEM faculty members’ academic careers often coincide with their
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child-bearing years, thus presenting challenges such as limited lab space, inad-
equate resources, lower salaries and fewer prestigious opportunities. According
to UNESCO, these challenges make their professional lives particularly chal-
lenging, especially in the early stages of their academic careers, forcing them to
grapple with discrimination, unconscious bias and family demands (Mamlok-
Naaman, 2021).

There is a collective view that women in the sciences have difficulties in
balancing both work and home obligations, without receiving proper support
(Barnard et al., 2010). This is a huge challenge for women, so help derived from
supportive sources enables them to ‘gain’ acceptance from male-dominated sci-
entific fields (Mamlok-Naaman et al., 2011).

Fung et al. recently conducted a study in which they analysed existing
programmes that aim to promote gender equity and inclusion in chemistry.
Some 47 programmes were selected and analysed regarding their goals, the
strategies used and their impact. The findings indicate that female scientists: (1)
should be better recognised, and (2) should get funding for sustained network-
ing with colleagues, e.g., conferences. The outcomes of the study were submit-
ted to a peer-reviewed journal.

In summary, the gender gap is a societal problem (for both women and
men). Female scientists can serve as role models and can inspire young female
researchers. Nevertheless, narrowing the gender gap poses a significant chal-
lenge for the entire scientific community, spanning both developed and de-
veloping countries. This issue affects everyone, regardless of gender (Mamlok-
Naaman, 2021).

Good practices shared by the partners

As mentioned above, the partners in the DiSSI project shared the good
practices that they had developed dealing with the dimensions of diversity and
inclusion in science education. The development of teaching and learning ma-
terials refers to non-formal education settings, which enable teachers to try
different approaches. The teaching was based on inclusion, allowing coopera-
tive learning while supporting the learning progress of the four disadvantaged
groups of students listed in the introduction above. Each partner focused on
different aspects of diversity and inclusion while referring to cultural plurality.

The partners conducted a pilot study in order to investigate the science
capital of students from backgrounds with Tlow’ socioeconomic status. The
study included inquiry-based activities, hands-on workshops, group discus-
sions on the nature of science, and debates centred on the ethics of science.
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Based on the findings, they developed and implemented learning materials
aimed at increasing the science capital of these students in both formal and
non-formal formats. Various sets of science outreach activities were conducted
as part of the project. These activities, characterised by both formal and non-
formal education, were intentionally designed to be adaptable for use in various
settings beyond the traditional school environment, but they differed in terms
of cultural context, the degree of open-endedness in the tasks, and the focus on
the individuals involved in or affected by the science.

The activities developed included inquiry-based chemistry activities
within a non-formal educational setting designed for gifted students. The main
objective was to illustrate the development of learning modules and their ad-
justments for teaching chemistry using the Inquiry-Based Learning (IBL) ap-
proach in non-formal educational settings. After the activities were enacted, it
was observed that gifted students initially held a more favourable attitude to-
wards IBL before the module was adapted. Conversely, the non-gifted students
exhibited no difference in their attitudes towards IBL, regardless of whether
they had participated in the lab work before or after the Forensics Science mod-
ule was adapted.

The focus of one team was on ethnically diverse students. Two types
of activities were used: (1) game-based learning (escape room activities), and
(2) inquiry-based learning (5E model activities). These activities were chosen
because they were based on the following: (1) previous positive experiences, (2)
learning through play, (3) thinking outside the box, and (4) opportunities for
cooperation and socialising, including deepening friendship topics. The topics
referred to ecology, gases and electrical circuits. The team developed examples
of escape room puzzles, 5SE (Engage Explore Explain Elaborate/Extend Evalu-
ate) and lesson plans.

The development and implementation of the learning materials was fol-
lowed by teachers’ professional development and preparation, e.g., according
to the Action Research model (Mamlok-Naamam & Eilks, 2012). The teams
enacted their ideas through workshops with students, pre-service teachers and
in-service teachers, as well as developing evaluations: pre- and post-question-
naires for students and teachers.

Table 1 summarises the good practices shared by the partners. As the
table shows, each partner focused on a different component of the project.
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Table 1
Good practices shared by the partners

Name of Institution Activities

Developing and implementing innovative concepts for language-
Ludwigsburg University of sensitive student laboratories, with a specific emphasis on
Education enhancing students’ linguistic skills, including non-formal

education, such as student laboratories.

Investigating and addressing the science capital of students with
a ‘low’ socioeconomic status at an Irish middle school, and then

University of Limerick planning inquiry-based activities, hands-on workshops, group
discussions on the nature of science, and debates centred on the
ethics of science.

Developing science interventions centred on cultural plurality
and implemented by formal and informal students. The activities
were designed to be adaptable for use in various settings
beyond the traditional school environment.

University of Strathclyde

Developing inquiry-based chemistry activities within a non-

formal educational setting designed for gifted students. The main
University of Ljubljana objective was to illustrate the development of learning modules

and their adjustments for teaching chemistry using the Inquiry-

Based Learning (IBL) approach in non-formal educational settings.

The focus of the Macedonian team was on ethnically diverse
students. They used two types of activities: (1) game-based
learning (escape room activities), and (2) inquiry-based learning
(5E model activities). The topics referred to ecology, gases and
electrical circuits.

Cyril and Methodius University,
Skopje

Summary

Addressing diversity and inclusion in science education represents a
substantial challenge for teachers, who need to cultivate competencies such
as personalised teaching to meet the individual needs of all students within
a single classroom. Stocklmayer et al. (2010) stated that fundamental learn-
ing should occur at a pace tailored to each individual, allowing for diverse ap-
proaches. Utilising a range of both formal and informal strategies can ensure
that the intellectual demands, which include an extensive array of topics in
modern science, align with the learning preferences of young people in both
formal and informal educational settings. Furthermore, it is anticipated that
curricular materials will incorporate relevant components to cater to diverse
learners’ needs, potentially influencing science education and teaching prac-
tices (Belova et al., 2015).

The DiSSI project started during the Covid-19 pandemic and the corre-
sponding restrictions for traveling. In the project meetings, which were usually
short, one could notice the development of relationships of trust between part-
ners who did not know each other very well. In addition, the ASANA project’s
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platform management enabled an exchange of documents as well as sharing all
of the other information organised by the coordinator, which was presented to
and discussed with the partners during the initial meeting. The cooperation
among the partners was enacted monthly by ZOOM video online meetings.
Later, there were a few successful face-to-face meetings.

Pre-service and in-service teacher preparation on using the DiSSI ap-
proach for inclusive science teaching was provided to implement the concept’s
non-formal education. In addition, the DiSSI approach was implemented in
different school curricula and beyond, through strong partnerships and net-
works with teachers, school principals and policy-makers.

It is suggested that the main impact aimed for was better social inclu-
sion of different disadvantaged groups in science. The goal was to engage these
groups with science and to convince more students to consider science as part
of their self-identity. It is suggested that the present project managed to develop
and implement good practices to deal with diversity in science education, us-
ing an approach targeting multiple cultures with a variety of needs. All of the
partners referred to diversity and inclusion in developing and implementing
their diversity programme.
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Throughout the world, schools are visited by students with different na-
tive languages. Therefore, the linguistic competencies of the students
are diverse. Dealing with this diversity is a great challenge for teach-
ers in general, including in science subjects. To face this challenge,
all institutions involved in education should adapt their teaching and
learning to linguistic diversity to foster student’s language competen-
cies. Non-formal education, such as student laboratories, could enhance
formal chemistry education and support students in learning the sub-
ject’s contents and acquiring language competencies. To this purpose,
language-sensitive and language-supportive learning settings for differ-
ent chemical topics and contexts are developed to enable all students to
participate actively and foster language competencies. The learning set-
tings are implemented and evaluated at the Ludwigsburg University of
Education (Germany) using a cyclical approach based on Participatory
Action Research. Data from 147 students from seven learning groups
of various grade levels and school types were collected before and after
they experienced the work in student laboratories. The focus was on stu-
dents’ situational interests and their views on offered language-sensitive
and language-supportive methods, tools, and activities. The data shows
that the approach has a positive effect on students’ situational interest.
Methods that were especially helpful for the students are filtered. On this
basis, implications are drawn for the application to other non-formal
education offers.
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Jezikovna podpora v laboratoriju za ucence za kemijo na
predmetni stopnji osnovne $ole ter v srednji Soli

SARAH KIEFERLE IN SILVIJA MARKIC

Po vsem svetu Sole obiskujejo ucenci z razli¢nimi maternimi jeziki. Je-
zikovne kompetence ucencev so tako raznolike. Spoprijemanje s to ra-
znolikostjo je velik izziv za ucitelje na splo$no, tudi pri naravoslovnih
predmetih. Da bi se spoprijeli s tem izzivom, bi morale vse ustanove,
vkljucene v izobrazevanje, prilagoditi poucevanje in ucenje jezikovni
raznolikosti ter tako spodbujati jezikovne kompetence uéencev. Ne-
formalno izobraZevanje, kot so laboratoriji za uc¢ence, bi lahko okrepi-
lo formalno izobrazevanje o kemiji ter pomagalo u¢encem pri ucenju
vsebin predmeta in pridobivanju jezikovnih kompetenc. V ta namen
se za razli¢ne teme in kontekste s podrocja kemije razvijajo jezikovno
obcutljiva in jezikovno podporna uc¢na okolja, ki vsem ucencem omo-
gocajo aktivno sodelovanje in spodbujajo jezikovne kompetence. U¢ne
okoli$¢ine se izvajajo in evalvirajo na Pedagoski univerzi v Ludwigsbur-
gu (Nemcija) z uporabo cikli¢nega pristopa, ki temelji na sodelovalnem
akcijskem raziskovanju. Podatki 147 ucencev iz sedmih u¢nih skupin
razli¢nih razredov in vrst Sol so bili zbrani, preden so izkusili delo v
laboratorijih za ucence, in po tem. Poudarek je bil na situacijskih inte-
resih u¢encev in njihovih pogledih na ponujene jezikovno ob¢utljive in
jezikovno podporne metode, orodja in dejavnosti. Podatki kazejo, da
pristop pozitivno vpliva na situacijski interes u¢encev. Metode, ki so bile
za uence $e posebej koristne, so odbrane in posebej izpostavljene. Na
tej podlagi so podane implikacije za uporabo v drugih ponudbah nefor-
malnega izobrazevanja.

Klju¢ne besede: pouk kemije, jezikovna ob¢utljivost, izobrazevanje
na predmetni stopnji osnovne Sole, srednjeSolsko izobrazevanje,

laboratorij za uc¢ence
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Introduction

Throughout the world, schools are visited by students with different
native languages and linguistic competencies. Those linguistically heterogene-
ous students are confronted with the monolingual habitus in school (Gogo-
lin, 2013). Dealing with this linguistic diversity is a great challenge for learning
and teaching in school. Especially in science, such as chemistry, because the
language used for teaching and learning chemistry content is quite different
from everyday language (Markic et al., 2013). This results in various challenges
for learning and teaching chemistry that need to be overcome. One of the dif-
ficulties students have to deal with in learning and teaching chemistry is the
multi-layered and complex language that uses many technical and multisyl-
labic terms. In addition, using symbolic and mathematical aspects, as well as
using diagrams and structures, often leads to comprehension problems (Childs
et al,, 2015). Studies like PISA (OECD, 2019) emphasise the relevance of lan-
guage in science education and the disadvantages for students with a migration
background in the German education system, particularly affected by learn-
ing in a second language (Lynch, 2001). Suggestions for dealing with students
with different language competencies are given. There are language-sensitive
(methods, tools, and activities that support students to use the language of
instruction because they are second language learners, for example) and lan-
guage-supportive (methods, tools, and activities that support students to de-
velop linguistic competencies like using technical terms or specific grammar)
methods, tools and activities that are effective in science education, in general,
and in chemistry education, in particular (e.g., Childs & Ryan, 2016; Lee, 2005;
Leisen, 2010; Markic et al., 2013). Nevertheless, to face this challenge, teach-
ing and learning in schools are often insufficient. Non-formal education, like
student laboratories, can complement the teaching and learning of chemistry
in schools and support students in developing linguistic competencies. As part
of the ERASMUS Plus project ‘Diversity in Science towards Social Inclusion -
Non-formal Education in Science for Students’ Diversity — DiSSI, Ludwigsburg
University of Education (Germany) is developing, implementing, and evaluat-
ing language-sensitive and language-supportive learning settings for student
laboratories in chemistry for secondary school students.

Theoretical framework

Non-formal learning takes place outside of school in an open and unre-
stricted setting. It is structured, organised, and oriented towards the educational
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curriculum (Coll et al., 2013). Non-formal learning has both characteristics
of formal learning at school and informal learning in students’ leisure time
(OECD, 2012). In science lessons, non-formal learning opportunities are often
used to increase students’ interest and motivation for science (Rollke & Grof3-
mann, 2022). For example, studies show that science-related non-formal activi-
ties have been associated with better student performance, increased student
belief in their ability to solve science problems, and greater enjoyment of sci-
ence learning (e.g., OECD, 2012; Rennie, 2014). In non-formal education pro-
grammes, such as school laboratories, students have the opportunity to engage
with scientific topics independently as part of active forms of learning (Euler
et al., 2015). Non-formal education also offers many opportunities for research.
The student laboratory can be used for the development, implementation, and
evaluation of scientific-didactic concepts (Guderian & Priemer, 2008). This in-
cludes the development of innovative teaching and learning methods and ma-
terials with potential for adaptation to everyday science teaching in schools
(Affeldt et al., 2017).

A study by Brandt (2005) shows that even a single visit to a student labo-
ratory has a significant positive short-term effect on students’ self-concept and
students’ intrinsic motivation for the subject of chemistry. However, these ef-
fects can only be recognised for a short time after visiting the student laboratory
(Engeln,2004; Brandt, 2005). Student laboratories are generally very well suited
to foster students’ interest in science and technology (Brandt, 2005; Engeln,
2004). However, this effect depends on various factors, such as students’ age or
their general interest in the subject or the topic (Brandt, 2005; Engeln, 2004).
Furthermore, Guderian (2007) and Engeln (2004) find that the current interest
of students develops positively, especially if there was already a positive attitude
before the visit.

Accordingly, several factors influence the effectiveness of student labo-
ratories. It seems that if student laboratories have positive effects on students
in terms of interest, motivation, or even their self-concept, it depends not least
on the design of the learning setting and the learning situation that is provided.
Rollke and Grofimann (2022) show that variables such as the perception of au-
tonomy and competence have a significant influence on the intrinsic motiva-
tion of students in an out-of-school laboratory. These variables can be influ-
enced by the design of the non-formal education offered. In addition, they were
able to show that the students’ pre-visit preparation for the student laboratory
has an impact on their intrinsic motivation. Thus, there is a need for student
laboratories that are structured in such a way that all students can benefit from
them as much as possible. In this context, learning settings should be designed
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to allow as many students as possible to work independently and successfully
on scientific topics. Suggestions for the design of student laboratories that have
proven successful in heterogeneous learning groups exist. Affeldt et al. (2015)
suggest multi-differentiated learning settings for student laboratories to enable
all students to access and learn scientific content. The development of contextu-
alised learning settings is based on a didactic model that takes into account the
different personal interests of students, their different cognitive abilities, and
their heterogeneous linguistic competencies (Affeldt et al., 2015).

Putting the focus on diversity and inclusion in school, various projects
and studies in Germany (e.g., Affeldt et al., 2015; Grof§ & Reiners, 2012; Raguse
et al., 2013; Scholz et al., 2016; Stdudel et al., 2007) have shown positive effects
for student laboratories. Grof§ and Reiner (2012) investigate alternative forms
of documentation for experimentation in heterogeneous groups in their study.
The implemented forms of documentation are mainly not based on reading and
writing texts but focus on pictures, video, and audio notes. This study shows
that video documentation is particularly suitable for documenting experimen-
tation in heterogeneous groups. Scholz et al. (2016) show in their study that
pictures and pictograms are particularly suitable as supporting tools and dif-
ferentiation for inclusive student laboratories when there is the highest possible
correspondence between the picture and the real object. Graded tip cards have
a great potential for differentiation during experimentation in student labora-
tories (Affeldt et al., 2019). These cards foster communication between students
when doing experiments in small groups. By using them, students more fre-
quently discuss and exchange their ideas on how to experiment. This exchange
particularly supports students in doing experiments independently (Affeldt et
al., 2019).

Two aspects that were shown to be particularly successful for teaching
and learning chemistry in linguistic heterogeneous groups are the design of
language-sensitive and language-supportive learning material (Affeldt et al,,
2017) and the presentation of chemical content by contexts related to every-
day life (Mamlok-Naaman & Mandler, 2020). Thus, for student laboratories
that are focused on language-sensitive materials, a range of language-sensitive
methods, tools, and activities need to be identified and evaluated as effective.
Studies have shown that single methods, tools, and activities are applicable for
language support during experimentation in student laboratories. Kieferle and
Markic (2023) unite these positive findings and develop an effective connection
between the evaluated methods to support students in dealing with language
and to foster the development of language competencies to enable the active
participation of all students during experimentation. A pedagogical approach
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for language-sensitive and language-supportive learning settings for student
laboratories that enables all students’ active participation during experimenta-
tion is developed in the present study from the perspective of the developers
and tutors.

Learning Settings for a Student Laboratory Addressing
Linguistical Difficulties

The present study was conducted in the context of the student labora-
tory at Ludwigsburg University of Education (Germany), which focuses on
diversity in students’ linguistic competencies. In this context, three learning
settings (a mystery on substances and separation processes, a learning com-
pany on acidic and alkaline solutions, and planning a school trip on alkanols)
are developed, implemented, and evaluated with two aims: 1) the development
and implementation of a student laboratory that enables active participation
of all students and 2) the generation of motivating learning settings for stu-
dent laboratories that support secondary school students in conducting ex-
perimentation and developing language competencies. The development of the
language-sensitive learning settings for the student laboratory is based on a
cyclical process of development, implementation, evaluation, and adaptation
oriented on Participatory Action Research, according to Eilks and Ralle (2002).
More information on this can be found in the work of Kieferle and Markic
(2023). The present paper focuses on the second aim. To achieve this, learning
settings and language-sensitive learning materials were evaluated, focusing on
the individual language-sensitive methods, tools, and activities and students’
situational interests.

Students in a learning group differ not only in their language compe-
tencies; some students have mixed abilities, while others have special needs
(Gardenswartz et al., 2010). Therefore, chemistry education has to deal with
different language competencies and great heterogeneity (Childs et al., 2015).
Thus, the development of language-supporting learning settings is based on
methods, tools, and activities of language-sensitive teaching and includes op-
portunities to differentiate the chemical content and experimentation. Figure
1 shows the combination of approaches used for the learning settings for the
student laboratory.
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Figure 1

The approach of linguistic support in the student laboratory

(5) cooperative learning

(1) laboratory design
based on language-supportive
methods and tool

(2) graded tip cards
based on language-sensitive
methods and tools

(4) glossary (3) explanatory videos

(6) tablet based

The methods, tools and activities shown in Figure 1 enable differ-

entiation in the demand of the content and language support of the stu-

dents during experimentation using:

1.

A laboratory design based on language-supportive methods and tools:
We follow the idea ‘content first, language second, which means that,

first, students learn the fundamental concept in everyday language, then
the scientific terms for the phenomenon are added (Childs & Ryan,
2016). In concrete terms, this means that the laboratory equipment is
labelled and illustrated, and the learning material and support offers are
marked with symbols. Students receive introductions to the context and
information about the task via short videos. Longer text sequences are
generally avoided.

Graded tip cards based on language-sensitive methods and tools: Each
experiment is provided with graded tip cards that can be used individu-
ally by the students. Differentiation within a learning group (Markic et
al,, 2013) in the demand of their work and learning tempos is thus ena-
bled (Staudel et al., 2007). The graded tip cards are structured in steps
that range from small hints to fully structured instructions. Thereby,
implementations, observations, and findings could be supported indi-
vidually. The graded structure of the tip cards allows the answering of
complex scientific issues step by step without lowering the requirements
in general (Affeldt et al., 2019). All graded tip cards are designed with
language-sensitive methods and tools, according to Markic et al. (2013)
and Leisen (2015). Specifically, visual aids, picture sequences, sentence
starters, block diagrams, and sentence patterns are used to support
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students in carrying out the experiment or formulating their observa-
tions and findings. In concrete terms, visual tools, sequences of pictures,
beginning of sentences, block diagrams and sentence patterns are used
to support students in performing the experiment or to formulate their
observations and findings.

Explanatory videos: The short videos give information about important
chemical content. Students can use explanatory videos individually so
that differentiation within the learning group is possible. Explanatory
videos are suitable for getting information to a similar extent as text se-
quences (Reinke et al., 2021). The advantage of explanatory videos is that
they trigger positive emotional reactions in students, which increases
motivation and interest in learning (Findeisen et al., 2019; Morris &
Chikwa, 2014).

A glossary: The glossary contains short descriptions of technical terms
(e.g., hypothesis) or short explanations of scientific methods (e.g., filtra-
tion). Since there are often concepts behind the technical terms used
in chemistry, the use of a dictionary is usually not sufficient to support
students, especially those who speak German as a foreign language. A
glossary with well-chosen key terms, which also includes pictures, for
example, and links the term to the concrete concept, has proved helpful
(Miller, 2009).

In addition, the learning settings are developed using a tablet-based and

cooperative approach.

5.

Tablet-based: All work tasks, experimental instructions, and the contex-
tualisation and organisation of the learning settings are designed digi-
tally. Students use tablets to write their lab reports. The tablet is used as
a synchronous, easy-to-use, and multifunctional experimental tool. It
allows several sensory channels to be operated simultaneously and as
needed (Huwer et al., 2018). The use of tablets in chemistry education
has a positive effect on students’ motivation (Rikala et al., 2013) and is
also a differentiation possibility that is seen as very attractive by all stu-
dents in an inclusive learning group (Greitemann & Melle, 2020).

Cooperative learning: The learning settings were developed with a spe-

cial focus on communication and interdependent support between stu-
dents. As part of the learning settings, the students are confronted with
different problems and thinking tasks, which they have to solve together
using the cooperative method of ‘think/pair/share’
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Research Question

Students’ opinions are critical for the effectiveness of forms of non-for-
mal education like a student laboratory. In the sense of triangulation, the pre-
sent study evaluates the learning settings and a pedagogical approach developed
and presented by Kieferle and Markic (2023) from the student’s perspective.

Therefore, this study is guided by the following research questions:

1. Which methods, tools, and activities are suitable for language-support-
ive learning settings for a student chemistry laboratory?

2. What influence do the language-supportive learning settings have on
student’s situational interest?

Methods

For the purpose of the present study, data from students who visited the
student laboratory at the Ludwigsburg University of Education, Germany, over
six months are collected. The study has a pre-post design.

Sample

The survey is carried out in seven learning groups from different com-
prehensive schools and secondary modern schools from different regions in
southwestern Germany with a total of 147 students; 52.20% of the participat-
ing students are male, 44.90% are female, 1.40% are gender-diverse, and 1.40%
are without indication. The schools were from urban (87.5%) and rural (12.5%)
areas and were also attended by students with first or second-generation mi-
gration backgrounds. A total of 87.70% of the students were born in Germany,
and 12.30% were born in another country. Regarding language, 33.30% of the
students speak German as a native language, 10.10% speak German and one
other language as a native language, and 56.50% speak German as a second or
foreign language. 0.1% did not indicate their native language. Thus, more than
half of the students speak the language of instruction (German) as a second or
foreign language.

Before data collection, the approval of parents and students was request-
ed. All students were informed of their right to withdraw from the study.

Instruments

For the purpose of generating quantitative data, a student questionnaire
in pre-post design is used that contains items that are established in their respec-
tive field (situational interest and use of graded tip cards). The questionnaires
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consist closed-ended (Yes/No) and Likert-scaled questions. Additionally, an

open-ended question is given.

a)

b)

The pre-test questionnaire consists of two parts:

i) The first part collects general information on the participants. The
students were asked for their age, gender, country of birth, and na-
tive language.

ii) The second part consists of 5 closed-ended questions about students’
experience of dealing with graded tip cards (Affeldt et al., 2019).

The post-test questionnaire consists of two further parts:

iii) The third part is comprised of 10 Likert items (5-step). The items
refer to students’ situational interest and one open-ended question
about the three things that were most interesting to students during
the work at the student laboratory on that day (Chen et al., 2001).

iv) The main part of the questionnaire consists of 30 Likert items (4-
step). The students are asked about the use of the explanatory videos
(4 Likert items), language support by using the glossary and the la-
belled workstations (4 Likert items), and the experience of working
with graded tip cards (22 Likert items and 2 items based on closed-
ended questions (Affeldt et al., 2019).

Research Design
The development of language-sensitive and language-supportive learning

settings for the students’ laboratory is based on Participatory Action Research

(Eilks & Ralle, 2002). In a cyclical process consisting of development, implemen-

tation, evaluation, and adaptation, quantitative data is generated in each cycle.

a)

b)

Data Analysis

Pre-test questionnaire:

ii) The Likert items are analysed with descriptive statistics based on
relative frequency to make conclusions about the student’s previous
experiences on work with graded help cards.

Post-test questionnaire:

iii) The 5-step Likert items referring to the situational interest items are
analysed using descriptive statistics. A frequency statistic is carried
out to make conclusions about the students’ situational interests. The
data of the open-ended question are categorised and sorted accord-
ing to frequency of mention to show in more detail where the stu-
dents’ interests focus mainly.
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iv) The 4-step Likert items and the closed-ended questions referring to the
individual support offers are analysed using descriptive statistics. For
the analysis, items were grouped into categories so that more specific
conclusions could be made about the use and the impression of the
students regarding the individual support offered. A frequency statistic
was calculated for each item so that the trends are clearly shown.

Results

a) Pre-test:

The data collected in the pre-test questionnaire show that more than half
of the students in this group (69.6%) did not use graded tip cards in chemistry
lessons prior to the visit to the student laboratory.

b) Post-test:

Figure 2 shows the evaluation of the items concerning students’ situ-
ational interest in doing experiments in the student laboratory. The results
show clearly (Figure 2; Items 5 and 7) that most of the participating students
had fun during the work in the student laboratory. 80.2% stated that they can
strongly agree or agree with the statement ‘T enjoyed student laboratory today,
and 80.9% stated that the visit to the student laboratory was fun for them. It
should be highlighted here that not only 83.6% of the students stated in item
10 (Figure 2) that they found the student laboratory interesting, but 77.6% also
stated in Item 6 that they understood what they were doing there.

Figure 2
Results concerning students’ situational interest

SITUATIONAL INTEREST

2. Today'smaterial at the studnent laboratory attracted me, sol participated.
3. l'was attentive in todays’ student |aboratory, from the beginning to the end.

4, There was a lot going on at today’s student laboratory, it was varied.

6. Today | understood well what we leamed in student laboratory

7.1 enjoyed student laboratory today.

8, I was focused at student laboratory.

I
I
e
——

5. Today's student laboratory was fun for me. I
]|

9, Dealing with the subject matter was challenging today. I

e ———

10.The lessonin today's student laboratory was interesting.

W strongly agree agree  Wneither agree nor disagree  Wdisagree  Wstrongly disagree @ no indication
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The results of the open-ended question, in which the students had the
opportunity to indicate three things they liked the most in the visit to the stu-
dent laboratory (students N=123), the most frequently mentioned (100 men-
tions) were the chosen contexts and individual experiments, for example, ‘the
story’ (S62) or ‘the skin care products’ (S106). Students often mentioned doing
experiments (49 mentions) in general and the laboratory and laboratory cloth-
ing (40 mentions) in particular. Statements that can be categorised as inquiry-
based learning (39 mentions) were also frequently mentioned. In particular,
students mentioned 13 times that they most liked the results of the experiments,
for example, ‘the comparisons™ (S125), 8 times working independently, and 7
times they mentioned inquiry, for example, ‘find out what the problem is’ (S101).

During the work in the student laboratory, graded tip cards were used
by more than half of the students (62.2% said they had used them) in general.
45.5% of the students indicated that they used at least one card in each experi-
ment. More than half of the students only decided to use a card when they were
completely helpless in their work (63.4% strongly agreed or agreed to the state-
ment T only decided to use a tip card when I was completely stuck’). If they used
a tip card, they decided to do so with the team members (57.7% strongly agreed
or agreed to the statement ‘T decided to use the tip cards with my classmates’).

The results show that 60.3% of students could not do the experiments
without the help of graded tip cards. That is in line with the agreement of 55.8
% of students, which indicates that they were able to do the experiments better
with the tip cards marked with test tubes (cards to support the performance)
(Figure 3; Item 4). When students decided to use a tip card, 43.6% of them al-
ways took the first card first, worked with it and then took the second tip card
(strongly agreed or agreed to the statement ‘T always took the first tip card first,
worked with it and then took the second tip card’); 46.1% of the students do not
use the graded tip cards in this way. Here, the results showed that only 27.0% of
the students read the first tip card and then immediately took the second one
(strongly agreed or agreed to the statement ‘We read the tip cards first and then
immediately took the second on¢’).
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Figure 3
Results concerning students’ opinion on the use of graded tip cards

STUDENTS' OPINION ON THE USE OF GRADED TIP CARDS

1.1 could not do the tasks better with the tip cards.
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bubbies, light bulbs symbols.

4.1 was able to do the experiment better using the tip cards with the test tubes symboks. [ I ]

5. The tip cargs were 100 easy. I I

6. | understood the tip cards weil. | L e——

7. Tousethe tip cards was difficult for me. I T ——

8. | ike the marking of the tip cards with symboks. N L
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Figure 3 shows the results for students’ opinions on the use of the graded
tip cards. Just a few students mentioned difficulties with the use of differenti-
ated and graded tip cards (Figure 3; Item 7). More than two-thirds of the stu-
dents stated that they could do the task better with the tip cards (69.9% disagree
or strongly disagree item 1). This is consistent with the 66.7% of students who
understood the graded tip cards well (Figure 3; Item 6) and the 64.1% who easily
found a solution using the cards (Figure 3; Item 2). Only a few students (22.4%)
disagreed that it was beneficial to take the tip cards one after the other (Figure
3; Item 10) and that the first tip card did not immediately present the complete
solution (24.4%) (Figure 3; Item 11). Furthermore, the results show that most
students liked to have the chance to do the experiment without any help (79.5%
strongly agreed or agreed to the statement ‘I think it’s good to have the chance
to do the experiment without help’).

Figure 4 shows the evaluation results referring to the explanatory videos.
The high percentage of no indication is due to the fact that 32 students visited a
learning setting which did not contain explanatory videos. The sample of stu-
dents who had the opportunity to use explanatory videos includes 106 students;
44.2% of those students stated that they used offered explanatory videos during
their work (Figure 4; Item 4). For 39.7% of students, watching the video resulted
in a better understanding of the topic (Figure 4; Item 2).
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Figure 4
Results concerning the use of explanatory videos

USING EXPLANATORY VIDEOS

better what it was about with the help of the explanatory videos. [N
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Further results referring to the labelled workstations and the glossary
show that they supported students in dealing with technical terms; 66.0% of
students strongly agreed or agreed to the statement, “The labelling of the work-
stations with the equipment made it easier for me to use the lab equipment’
In addition, almost half of them (46.8%) found that the glossary was helpful
in understanding difficult terms (strongly agreed or agreed to the statement ‘I
found the glossary helpful to understand difficult terms’).

Discussion

Non-formal forms of education, like student laboratories, are often used,
especially in science education, to help students become more interested and
motivated in science. Therefore, the perception of autonomy and competence
has a significant influence on students’ intrinsic motivation in an out-of-school
laboratory (Rollke & Grofimann, 2022). The results of the study presented in
this paper support the assumptions of Rollke and Grofimann. The high amount
of students’ feedback relating to the context of the learning settings, the labora-
tory itself, and the laboratory clothing suggests the potential of student labo-
ratories. The positive feedback regarding the inquiry-based learning approach
shows that perceived autonomy is important for students’ situational interests.

In this study, we focussed on students’ linguistic diversity and wanted to
determine which methods, tools, and activities of language-sensitive and lan-
guage-supportive teaching are appropriate for student laboratories to enable all
students to experiment autonomously and what influence language-sensitive
learning settings have on students’ situational interest.

In the context of this study, different types of language-sensitive and
language-supportive support (graded tip cards, labelled workstations, glossary,
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and explanatory videos) are implemented and evaluated from the side of the
users. With regard to the effectiveness of the support offers it can be said that
many of the learners assessed graded tip cards as motivating them for inde-
pendent experimental work and as supporting them in dealing with the experi-
ments without any help from a supervisor in the laboratory. This is in line with
the findings of Stdudel et al. (2007) and Affeldt et al. (2019), who suggested
that graded tip cards can have a positive influence on students’ autonomy dur-
ing experimental work. However, it should be noted that approximately three
quarters of the students used the graded tip cards for the first time. On the one
hand, the discussion can be about whether this is the effect of working with
something new; on the other hand, the usefulness of the graded tip cards is
more than obvious in the results. Thus, we can, in particular, agree with Af-
feldt et al. (2019) that the graded tip cards have the potential to challenge and
support communication among the students in small group work and promote
discussion about ideas, for example, to conduct experiments. In particular, per-
forming the experiments is supported by graded tip cards, which are evaluated
as helpful and positive by students. A majority of students stated that they pre-
fer doing experiments without any support. This point is supported by other
studies, which also show that students particularly appreciate independent and
cooperative learning settings (Juntunen & Aksela, 2013). However, participants
still used the graded tip cards offered. This shows that students’ autonomy in
decision-making if and when using the offered support for their learning pro-
cess is evaluated as extremely positive. This is especially true considering the
fact that the students were not experienced in this kind of work, and there was
less time to explain the methods compared to a classroom situation.

The results show that language-sensitive and language-supportive meth-
ods, tools, and activities such as explanatory videos can foster a better under-
standing of the chemical content behind the experiments and that glossaries
help students deal with technical terms.

Ilustrated and labelled workplaces were seen as particularly helpful in
dealing with laboratory equipment students. This is in line with the finding of
Scholz et al. (2016), who showed that pictures and pictograms are particularly
appropriate as supporting tools and differentiation for an inclusive student lab-
oratory when there is the highest possible correspondence between the figure
and the real object.

In conclusion, the opportunity to decide individually if and in which
amount of support is used is especially well accepted by students. At this point,
we can assume that the combination of different support opportunities, in par-
ticular, has a positive influence on situational interest and finally results in a
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positive experience in the student laboratory and for students learning chem-
istry. The range of graded tip cards, explanatory videos, illustrated workplaces,
and the glossary make it possible to support the students individually in terms
of both the type and the intensity of support. A particular advantage here is that
there is no need to use any support offered. The results also show that 79.5% of
students liked autonomy when choosing whether they wanted to use one of the
support offers. Most important, however, is that this study supports the results
of Kieferle and Markic (2023) that the offered methods and tools in combina-
tion do support students’ active participation in work in the student laborato-
ries. Thus, in terms of triangulation, the combination of different methods and
tools can be seen as secure. The student’s view of the different support offers
confirms our conclusion that direct, simple, and individual support is particu-
larly beneficial and motivating during experimentation. The freedom of choice
and autonomy also have a positive effect on students’ situational interest in stu-
dent laboratories. Doing experiments in small groups can be supported in a
non-formal setting with the help of the above-mentioned support opportuni-
ties and enables all students to deal with the learning material actively.

Conclusions

The methods and tools used in student laboratories for language support
and promotion of the development of language competencies of students can
be adapted to different learning contexts and used in different learning situa-
tions based on their flexible structure. For example, the language-sensitive and
language-promoting approach is not dependent on the context and content.
Therefore, the context can be adapted to students’ age levels, and the content can
be adapted to students’ learning levels or school type. The explanatory videos
and the graduated tip cards make it possible to use the learning settings with or
without students’ previous experience with chemical content or inquiry-based
learning. The DiSSI approach for language-sensitive and language-supportive
work presented here grounds on a combination of different methods, tools, and
activities and can be used in other non-formal education offers with various
learning settings. Thus, many different learning settings in non-formal educa-
tion offers, such as museums, laboratories, or science centres, can be designed
in such a way that they are language-promoting and language-supporting.

The language-sensitive and language-supportive approach can also be
used in formal teaching in schools. The student laboratory can act as a link
in this process. On the one side, teachers can use a visit to the student labora-
tory as a kind of ‘in-service teacher training’ while learning more about new
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tools and methods, which she/he can adapt to their teaching. On the other side,
teachers can also learn more about the usage of language and the meaning of
diagnostics to better understand their students.

The presented study only encompasses a small sample, which means
it cannot be considered representative. Nevertheless, it is an example of the
practical implementation of language-sensitive and language-promoting ap-
proaches that need to be enhanced.

Based on the results presented here and also in Kieferle and Markic
(2023), we suggest the involvement of pre-service chemistry teachers in the
work of student laboratories that implement the DiSSI approach. Thus, pre-
service chemistry teachers will not only theoretically learn about language-
sensitive and language-supportive teaching and learning but experience them
in practice. Additionally, tutoring in a student laboratory offers a chance to ob-
serve the work of students more in detail compared to the classroom situation
in schools. Here, the work of smaller but also different groups is in focus.
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~> A game-based approach is widely used to increase students’ motivation
through their active participation, whereby research is interwoven with
fun and competition is incorporated with cooperation. Working in teams
or groups encourages students to exchange their opinions, to try to find
solutions together or to win a game. In this way, they learn and improve
skills such as collaboration and responsibility. Several activities involv-
ing the 5E model as part of inquiry-based science education and an es-
cape room as part of game-based learning were used in science classes
(chemistry, biology and physics). The activities were designed on three
different topics — gases, ecology and electrical circuits — within the project
“Diversity in Science towards Social Inclusion — Non-formal Education
in Science for Students’ Diversity”. The activities focused on the students’
self-concept towards science, interest in the subject, motivation and career
aspirations in STEM, as well as the effectiveness of the implemented activ-
ities. The study aimed to assess the potential advantages of implementing
activities in an ethnically diverse environment, benefiting both students
and teachers. Pre- and post-questionnaires were designed and distributed
to 190 students from various primary and secondary schools in Macedo-
nia. The present paper provides an overview of game-based activities as
well as a brief analysis of the pre- and post-questionnaire responses from
students, focusing on the topic of ecology.

Keywords: game-based activities, ecology, escape room, ethnically

diverse classroom, science education
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Inovativne uc¢ne dejavnosti za etni¢no raznolike ucence
v makedonskem naravoslovnem izobrazevanju

KATERINA RUSEVSKA, LAMBE BARANDOVSKI, VLADIMIR M. PETRUSEVSKI,
ALEKSANDRA NAUMOSKA, SLAVICA TOFILOVSKA IN MARINA STOJANOVSKA

~> Pristop, ki temelji na igrah, se pogosto uporablja za povecanje motiva-
cije u¢encev z njihovim aktivnim sodelovanjem, pri ¢emer se raziskova-
nje prepleta z zabavo, tekmovalnost pa s sodelovanjem. Delo v ekipah
ali skupinah ucence spodbuja, da izmenjujejo svoja mnenja, poskusajo
skupaj poiskati resitve ali zmagati v igri. Tako se udijo in izboljsujejo
spretnosti, kot sta sodelovanje in odgovornost. Pri pouku naravoslov-
ja (kemije, biologije in fizike) je bilo uporabljenih ve¢ dejavnosti, ki so
vkljucevale model sE kot del na raziskovanju temelje¢ega naravoslov-
nega izobrazevanja in sobo pobega kot del na igri temelje¢ega ucenja.
Dejavnosti so bile zasnovane na tri razli¢cne teme - plini, ekologija in
elektri¢na vezja — v okviru projekta DiSSI (Diversity in Science towards
Social Inclusion — Non-formal Education in Science for Students’ Di-
versity). Dejavnosti so se osredinjale na samopodobo u¢encev v odnosu
do naravoslovja, ter zanimanje za predmet pri ucencih, njihovo motiva-
cijo in poklicne Zelje na podroc¢ju STEM ter na ucinkovitost izvedenih
dejavnosti. Namen $tudije je bil oceniti potencialne prednosti izvajanja
dejavnosti v etni¢no raznolikem okolju, ki koristijo u¢encem in ucite-
ljem. Pripravljeni so bili vprasalniki pred izvedbo dejavnosti in po njej;
razdeljeni so bili 190 uc¢encem iz razli¢nih osnovnih in srednjih $ol v
Makedoniji. V tem prispevku sta predstavljena pregled na igri temelje-
¢ih dejavnosti ter kratka analiza odgovorov ucencev pred izpolnitvijo
vprasalnika in po njej, pri ¢emer se osredinjamo na temo ekologije.

Klju¢ne besede: na igri temeljece dejavnosti, ekologija, soba pobega,

etni¢no raznolik razred, naravoslovno izobrazevanje
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Introduction

As education continues to evolve, innovative approaches to teaching and
learning are gaining traction. One prominent trend in education is the integra-
tion of educational games, which leverage the power of technology and gami-
fication to enhance student engagement and promote effective learning expe-
riences. Educational games have proven to be highly engaging for students,
capturing their attention and motivating active participation in the learning
process (Gentry et al., 2019; Hakulinen & Auvinen, 2014; Smiderle et al., 2020;
Tvarozek & Brza, 2014; Yu et al., 2020). Research by Connolly et al. (2012) dem-
onstrated that educational games promote higher levels of engagement com-
pared to traditional instructional methods. The immersive and interactive na-
ture of games keeps students actively involved, leading to increased interest and
a deeper investment in learning.

Numerous studies have indicated that educational games can enhance
learning outcomes across various subject areas. For instance, a meta-analysis
by Wouters et al. (2013) examined the impact of educational games on learning
outcomes and found significant positive effects on knowledge acquisition, skill
development and retention. The interactive nature of games enables students
to apply their knowledge, engage in problem-solving and make connections
between abstract concepts and real-world scenarios, leading to deeper under-
standing and improved learning outcomes.

Educational games often require students to think critically, analyse in-
formation and solve complex problems within the game’s context. A study by
Gee (2005) highlighted the fact that games provide opportunities for learners to
engage in critical thinking, strategic planning and decision-making. The itera-
tive nature of gameplay encourages students to experiment, learn from failures
and develop effective problem-solving strategies, fostering the development of
valuable skills applicable beyond the game environment. Furthermore, games
provide immediate feedback, allowing students to learn from their mistakes,
experiment with different strategies and refine their understanding of scientific
principles (Young et al., 2012).

Many educational games incorporate multiplayer or cooperative modes,
promoting collaboration and social interaction between students. Research by
Dondlinger (2007) showed that collaborative game-based learning environ-
ments foster positive social interactions, improve communication skills and
enhance teamwork abilities. Students learn to work together, share knowledge
and negotiate solutions, preparing them for collaborative work settings in the
future. Collaborative educational games can enhance student learning and
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promote positive attitudes towards the subject matter (Stojanovska, 2021).

Game-based learning has gained significant attention as an innovative
approach to education, particularly in science classrooms. This type of learn-
ing engages students emotionally, making learning memorable and increasing
the likelihood of long-term retention of scientific knowledge (Plump & Mei-
sel, 2020). It is well known that games, due to their nature, stimulate student
interest. Incorporating interactive and immersive game elements captivates
students’ attention, fostering curiosity and motivation to explore scientific
concepts (Annetta et al., 2009). Many science games incorporate competitive
and collaborative elements, encouraging healthy competition between students
and promoting teamwork skills (Naumovska et al., 2023). Science games often
present complex challenges that require critical thinking and problem-solving
skills, encouraging students to apply scientific knowledge in realistic scenarios
(Squire, 2006). Game-based learning also promotes deep learning. Thus, games
provide context-rich environments that connect scientific concepts to real-
world applications, promoting meaningful learning experiences (Barab et al.,
2007). They can help students develop a conceptual understanding of scientific
ideas by providing multiple representations, simulations and models (Klopfer
et al., 2009).

Immersive puzzle-solving experiences known as “escape rooms” have
gained popularity in various domains, including education. In recent years, ed-
ucators have recognised the potential of escape rooms as a powerful tool to fos-
ter engagement and enhance learning outcomes, particularly in science educa-
tion (Dietrich, 2018; Lathwesen & Belova, 2021; Marin et al., 2021; Stojanovska
et al., 2020b; Veldekamp et al., 2021). By combining elements of problem-solv-
ing, teamwork and critical thinking, escape rooms provide an interactive and
experiential learning environment that captivates students’ interest and pro-
motes a deeper understanding of scientific concepts. Consequently, the utilisa-
tion of escape rooms as a teaching method aligns well with the objectives of the
national science curricula in Macedonia (Stojanovska et al., 2020a), offering an
immersive and interactive learning experience that stimulates student engage-
ment and facilitates a deeper comprehension of scientific principles. The escape
room approach involves designing a physical or digital “escape room” scenario,
whereby students must work together to solve a series of puzzles and challenges
related to science concepts in order to “escape” within a given time limit.

Escape rooms offer an exciting and immersive experience that captures
students’ attention and motivates them to actively participate in the learning
process. The element of challenge and the time constraint associated with es-
cape rooms create a sense of urgency, driving students to collaborate, think
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critically and apply their scientific knowledge to solve complex problems (Di-
chev & Dicheva, 2017). The captivating nature of escape rooms fosters high lev-
els of engagement and promotes a positive learning atmosphere, as students
become highly motivated to succeed and achieve their goals. Escape rooms
encourage collaboration and teamwork, fostering the development of essential
communication and interpersonal skills. Students must effectively communi-
cate, share information and delegate tasks within their team to decipher clues
and solve puzzles. Escape rooms require students to think critically, analyse
information and apply scientific knowledge to overcome challenges. This ap-
proach encourages students to think creatively, collaborate and develop strate-
gies to find solutions within the given constraints.

By employing questionnaires as a data collection tool, the present re-
search aims to understand the potential influence of the escape room experi-
ence on students’ self-concept towards science, interest in the subject, moti-
vation and career aspirations in STEM, as well as their situational interest in
different non-formal settings. The evaluation framework in the project “Diver-
sity in Science towards Social Inclusion - Non-formal Education in Science
for Students” Diversity” (DiSSI) aimed to capture students’ self-concept towards
science, which refers to their perception of their own abilities, competence and
identity in the context of science learning (Marsh, 1990). This aspect is crucial,
as it can influence students’ engagement in science education. Motivation is
another important factor that was evaluated. Students’ motivation reflects their
drive and enthusiasm towards learning science. It plays a significant role in
their willingness to invest effort and persist in science-related activities (Eccles
& Wigfield, 2002). The questionnaire used in the present study also measured
students’ interest in the subject of science. Interest refers to a positive affective
response and curiosity that individuals experience towards a particular aca-
demic domain or topic. It involves a personal attraction and desire to engage
with the subject matter, often leading to increased attention, long-term moti-
vation and exploration of related content (Hidi & Renninger, 2006). The pro-
ject was also aimed at gathering data on students” career aspirations in STEM
(science, technology, engineering and mathematics). Assessing students’ career
aspirations provides insight into their long-term goals and aspirations in STEM
fields, which can be influenced by their experiences and exposure to science
education (Archer et al., 2010).

Utilising escape rooms as a teaching tool introduces students to an en-
tirely new learning environment, distinct from traditional classroom settings.
This shift in scenery prompted us to analyse situational interest, which refers to
a temporary state reflecting how an activity impacts an individual, rather than
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their inherent preference for the activity (Hidi & Anderson, 1992). Five dimen-
sions have been identified as influencing situational interest: novelty, challenge,
attention demand, exploration intention and instant enjoyment, with instant
enjoyment shown to have the most significant impact (Chen et al,, 2001). Situ-
ational interest is crucial because the immediate appeal of an activity should
translate into both short-term and long-term motivational effects on the learn-
er (Renninger et al., 1992).

Additionally, the study seeks to evaluate the effectiveness of the imple-
mented activities specifically designed around the topic of ecology during the

escape room workshops.
Method
Participants

A total of 190 participants completed the questionnaire: 126 students
from primary school (12-14 years old) and 64 from secondary school (15-18
years old). Detailed demographic data, including the breakdown of gender and
ethnicity, are provided in Table 1.

Table 1

Participant demographic information

Primary school 126
Grade level

Secondary school 64

Male 48
Gender

Female 141

Macedonian 125
Language of instruction  Albanian 53

Turkish 12

Due to the Covid-19 pandemic, the data collection for the study required
researchers to travel to schools located in various parts of Macedonia (the ad-
ministration of the questionnaires was conducted during May and June 2022).
A purposive sampling approach was employed to ensure a diverse sample, in-
cluding both urban and rural schools, encompassing students from different
ethnic backgrounds. By implementing this sampling strategy, the researchers
aimed to gather comprehensive data that represents a wide range of students
and educational settings, despite the challenges posed by the pandemic.
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Instruments

The evaluation framework utilised questionnaires to gather data on stu-
dents’ self-concept towards science and interest in the subject (OECD, 2009),
motivation (Ryan & Deci, 2000) and career aspirations in STEM (Kier et. al,
2014), as four subcategories that the project participants were interested in ex-
ploring. After the workshops, questionnaire data about the success of the work-
shops were collected, focusing on the situational interest in the different non-
formal settings (Chen et al., 2001) and the effectiveness of the implemented
activities (Bartlett & Anderson, 2019; Dugnol-Menéndez et al., 2021; Gordillo et
al,, 2020; Karageorgiou et al., 2020). These measures aimed to assess the effects
of the tools and interventions employed in the project activities and provide
valuable insights into the impact on target groups.

Prior to administering the questionnaires, the participants were provid-
ed with detailed information about the study and its voluntary nature. Consent
was obtained from all of the participants, ensuring their willingness to partici-
pate. Furthermore, the participants were informed about the potential use of
photographs for research purposes, thus promoting transparency and ethical
considerations throughout the study. In the present paper, the pre- and post-
questionnaires for students on the topic of ecology are analysed.

Research design

In this study, the escape room was designed as an engaging and interactive
face-to-face activity, whereby students from primary and secondary schools from
all over Macedonia participated in teams comprising 3-6 members. This group-
work setting allowed for collaboration and teamwork among the participants,
fostering a dynamic and cooperative learning environment. By conducting the
escape room experience in person, students had the opportunity to interact di-
rectly with their teammates, share ideas and collectively work towards solving the
puzzles and challenges presented to them. This format not only promoted social
interaction, but also facilitated the development of important skills such as com-
munication, problem-solving and critical thinking. The inclusion of primary and
secondary school students ensured a diverse participant pool, encompassing dif-
ferent age groups and educational and ethnic backgrounds. This diversity brought
unique perspectives and experiences to the escape room activity, contributing to
arich learning environment and encouraging peer-to-peer learning and support.
The escape room workshops were conducted in various locations, including the
university, schools and a botanical garden. The selection of locations aimed to
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provide diverse and engaging settings for the escape room experience, enhancing
the immersion and authenticity of the activity.

The face-to-face nature of the escape room experience also allowed for
real-time feedback and guidance from the instructor or facilitator. The instruc-
tor played a pivotal role in coordinating the workshops, providing the necessary
instructions and overseeing the progress of the teams. This direct interaction
with the instructor further enhanced the learning experience and provided an
opportunity for personalised support when needed. To form the groups, the in-
structor randomly selected participants by using coloured strips. This approach
not only facilitated random group allocation, but also promoted collaboration
and communication between the students, which are considered essential skills
for their future endeavours.

The instructor set a time limit of one hour for the game itself, while the
overall workshop duration was two hours. The workshop commenced with an
intriguing story that captivated the students’ interest, such as finding a cure for
an illness or saving the school. Following the story, the instructor explained the
concept of the escape room and provided the rules of the game. The puzzles
within the escape room did not follow a linear structure, allowing the teams
to solve them in any order. There was a total of five puzzles, each designed
to challenge the students’ critical thinking and problem-solving abilities (Sto-
janovska et al., 2022). The puzzles used in the escape room were printed on
coloured paper and laminated, thus allowing students to write directly on them
and making them reusable for subsequent workshops. The puzzles were placed
in envelopes and strategically hidden within the classroom or somewhere in the
botanical garden, creating an environment of mystery and exploration. Dur-
ing the escape room activity, the students worked collaboratively within their
groups to solve all of the puzzles and successfully complete the game. In order
to promote independent thinking and problem-solving, no additional literature
or access to mobile phones was allowed for seeking answers. All of the neces-
sary materials for puzzle-solving were provided to each group. After success-
tully solving all of the puzzles, each group opened locks and discovered several
pieces of a jigsaw puzzle in a box. All of the groups were then required to col-
laborate and combine their puzzle pieces to reveal the final prize. In this way,
the activity emphasised the importance of collaboration over competition and
reinforced the value of teamwork.

The design and development of the educational escape room activities was
a collaborative effort involving designated individuals from various educational
backgrounds. University professors, science teachers, school principals and one
advisor from the Bureau of Development of Education all played a significant
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role in the design process, lending their expertise and advice as part of the pro-
ject’s National Advisory Board. Their involvement ensured that the activities were
aligned with educational objectives, pedagogical principles and the specific needs
of students in primary and secondary schools. Their valuable insights and recom-
mendations contributed to the refinement and effectiveness of the escape room
experiences, ultimately enhancing their educational value and relevance.

Analysis of the data

The data from the pre-questionnaires were analysed by considering all
of the items for each scale. Mean, standard deviation and the reliability coeffi-
cient Cronbach’s alpha, as a measure of internal consistency (Taber, 2018), were
calculated. Independent ¢-tests were used to investigate significant differences
between the mean scores of males and females, as well as between primary and
secondary school students, across the four scales of the pre-questionnaire.

The results obtained from the post-questionnaires were analysed by cal-
culating the percentage frequencies of agreement for each statement from the
corresponding categories.

Results and discussion

In order to evaluate the impact of the escape room experience, compre-
hensive questionnaires were administered to all of the participants both before
and after the workshop. The questionnaires primarily consisted of Likert-type
statements, whereby participants were asked to indicate their level of agree-
ment or disagreement. A scale of 1 to 5 was used, with 1 representing “strongly
agree” and 5 representing “strongly disagree” The questionnaires were designed
to capture important aspects of students’ attitudes and perceptions. They spe-
cifically assessed students’ self-concept towards science, interest in the subject,
motivation and career aspirations in STEM before starting the activity. Moreo-
ver, the questionnaires included sections to gather the students’ perceptions of
the conducted activity. The participants’ responses provided valuable insights
into their experiences and opinions regarding the educational escape room.

I Initial assessment and pre-intervention findings
The results were analysed considering all of the items for each scale, and

the mean, standard deviation and reliability coeflicient Cronbach’s alpha as a
measure of internal consistency were calculated (Table 2).
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Table 2
Means, standard deviations and Cronbach’s alpha reliability coefficient for the
pre-questionnaire.

Scale Nurnber of Pre-questionnaire

items M sD Cronbach’s alpha
Interest in science 5 1.69 .80 .853
Career aspirations in science 7 2.27 1.22 752
Self-concept towards science 6 1.88 .95 .863
Motivation for learning science 10 218 114 .766
Total 28 2.05 1.09 .895

Table 2 shows the Cronbach’s alpha coefficient, indicating the internal
consistency of the four scales utilised in the study. The results indicate acceptable
internal consistency, with Cronbach’s alpha values ranging from 0.752 to 0.863 for
the individual scales and 0.895 for the overall pre-questionnaire. These findings
align with the cutoft criteria established by Cohen (2000), suggesting acceptable
internal consistency across all four scales. It is worth noting that similar studies
in the literature (Korkmaz & Erdogmus, 2020; Taber, 2018; Zakariya, 2022) have
also reported high values for the Cronbach’s alpha reliability coefficient, further
supporting the reliability of the measures employed in this research.

An analysis to compare the mean scores of females and males on the four
scales of the pre-questionnaire was conducted. Independent t-tests were em-
ployed to examine whether there was a significant difference between the mean
scores of males and females. The results of these tests can be found in Table 3.

Table 3
Comparison of male and female mean scores on the four scales for the
pre-questionnaire.

Scale Groups M SD t p

o f 172 .80

Interest in science 1.812 .070
m 1.61 .80
irati i f 2.22 121

queer aspirations in _a57 648
science m 2.25 119
~ f 1.91 92

Se]f concept towards 1280 201
science m 1.82 1.04
ivati i f 2.19 114

M9t|vat|on for learning 517 605
science m 216 112
f 2.06 1.08

Total 1.339 180
m 2.01 1.09
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Table 3 presents the mean scores, standard deviations (SD), t-values and
p-values for the comparison of females (f) and males (m) on the four scales
of interest: Interest in science, Career aspirations in science, Self-concept to-
wards science, and Motivation for learning science. The total column provides
the overall mean score for each group. Overall, the results of the independent
t-tests indicate that there were no significant differences in the mean scores be-
tween females and males across the four scales and the total score. In contrast
to the results of Lee et al. (2018) and Siregar et al. (2023), where male students
scored higher, as well as the findings of Luttenberger et al. (2019) and Sellami et
al. (2023) stating that females outperform males in terms of their self-concept
and motivation, our data suggest that gender did not have a significant impact
on these aspects of science education.

Furthermore, a comparison was made between the mean scores of pri-
mary (p) and secondary (s) school students on the four scales of the pre-ques-
tionnaire. Independent t-tests were conducted to assess whether there were
significant differences between the mean scores of primary and secondary stu-
dents. The results of these analyses can be found in Table 4.

Table 4
Comparison of mean scores of secondary and primary school students’ mean
scores in the four scales for the pre-questionnaire.

Scale Groups M SD t p

o s 1.87 .90

Interest in science 4.931 .000
o 1.60 73
irati i s 223 119

queer aspirations in 99 229
science p 2.30 124
~ s 2.01 1.03

Sglf concept towards 3097 002
science p 1.82 0.91
ivati i S 2.44 1.21

M9t|vat|on for learning 7264 000
science p 2.05 1.08
S 219 114

Total 6.706 .000
p 1.98 1.06

The results indicate significant differences between secondary and pri-
mary students in their scores for interest in science, self-concept towards science
and motivation for learning science, as well as for their total scores. However, no
significant difference was found between the two groups in career aspirations in
science. These findings suggest that secondary students exhibit higher levels of in-
terest, self-concept, motivation and overall scores in science compared to primary
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students. The observed differences in the results could be attributed to several fac-
tors. Firstly, the secondary students surveyed may have had more exposure to sci-
ence-related topics and concepts, leading to a greater interest in and self-concept
towards the subject. They may also have received more specialised instruction and

guidance in science, which could contribute to higher motivation levels.
II. Post-intervention outcomes and questionnaire results

The results of the post-questionnaire are presented in six diagrams (Fig-
ure 1-6) based on the percentage frequencies.

Ten items from the post-questionnaire focused on assessing situational
interest, which can be considered as a construct associated with five dimen-
sions: novelty, challenge, attention demand, exploration intention and instant
enjoyment (Chen et al., 1999; Chen et al,, 2001). Figure 1 shows that more than
50% of the participants strongly agreed with all of the statements, indicating
that they found the workshop interesting and were able to maintain their focus
and attention. For this group of statements, the mean value is 1.45. This suggests
that the activities presented in the workshop successfully fostered a high level
of situational interest among the participants.

Figure 1
Results from the analysis of the situational interest post-questionnaire items.

Situational interest
post-questionnaireitems

100
80%
60%
40%
20%
1 2 3 4 5 6 7 8 9 10

X

Percentage frequencies

0%

Number of statement

B Strongly agree M Agree B Neither agree nor disagree Disagree Strongly disagree

Statements: 1. The lesson in today’s workshop was interesting. 2. Dealing with the subject matter was
challenging today. 3. | was focused on this activity. 4. | enjoyed today’s activity. 5. Today | understood
well what we learned in the workshop. 6. Today’s workshop was fun for me. 7. There was a lot going
on at today’s workshop, it was varied. 8. | was attentive in today’s workshop, from the beginning to
the end. 9. Today’s material at the workshop attracted me, so | participated. 10. | want to delve into
the details of the material we discussed at today’s workshop.
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The second section of the post-questionnaire was designed to assess the
effectiveness of the implemented activities and examine the impact of the meth-
ods and tools utilised within the group. These findings are presented in five sets
of statements (Figures 2-6). Specifically, the results from Figure 2 indicate a
high mean value of 1.58 for the statements evaluating the promotion of critical
thinking, knowledge acquisition and engagement in problem-solving. Analysis
of the students’ perceptions revealed that they were encouraged to approach the
material differently and review the concepts related to the topic. Furthermore,
approximately 80% of the participants expressed (agreed or strongly agreed
with statement 5) that they felt they learned better through the game-based ap-
proach compared to a traditional lecture format.

Figure 2
Results from the analysis of the post-questionnaire items promoting critical
thinking, knowledge acquisition and engagement in problem-solving.

Critical thinking, knowledge acquisition and engagementin problem-
solving post-questionnaire items

1 2 3 4 5 6 7 8 9

Number of statement

100
9
8
7
6
5
4
3
2
1

X

Percentage frequencies
FRIIIRIRRERR

mStrongly agree  m Agree  m Neither agree nor disagree Disagree Strongly disagree

Statements: 1. | was learning while playing. 2. The escape room activity encouraged me to think
about the material in a different way. 3. The escape room activity was an effective way to review the
concepts of this theme. 4. The escape room activity was an effective way to learn new information
related to this theme. 5. | learn better through a game than through a classic lecture. 6. | wanted to
explore all aspects of the game, even if there were false directions. 7. The game had a clear purpose.
8. There were different types of puzzles. 9. There were puzzles that made me think “outside the box”.

The third set of items analysed the degree of acquiring and improving
skills through the escape room method that students believed they achieved
(Figure 3). From Figure 3 it can be seen that the participants acquired skills for
problem-solving, decision-making and logical reasoning, as well as improving
their communication abilities, collaboration and teamwork. The results show
a high mean value of 1.38. Similar results were obtained in a study on the use
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of escape room activities in occupational therapy courses, in which students
believed they had developed curricular skills with a mean value between 3.84-
4.28 on a scale where 5 is “strongly agree” (Dugnol-Menéndez et al., 2021). The
participants in the latter study felt that they had strong organisational skills
while performing the activities and effectively developed strategies within their
groups, thereby enhancing their ability to manage time efficiently. Additionally,
they exhibited persistence in completing the activity and demonstrated a high
level of adaptability to new situations.

Figure 3
Results from the analysis of the post-questionnaire items promoting acquisition
of skills.

Acquisition of skills
post-questionnaire items
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Number of statement
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Statements: 1. Communication. 2. Teamwork and collaboration. 3. Problem-solving. 4. Decision-mak-
ing. 5. Adapting to new situations. 6. Planning and time management. 7. Analyse and synthesise. 8.
Critical thinking. 9. Logical reasoning. 10. Creativity. 11. Organisation. 12. Persistence. 13. Autonomous
learning.

The effects of the game activities on social interaction were analysed in
greater detail through a set of items presented in the fourth diagram (Figure 4).
The results indicate that the activities facilitated collaboration and the sharing of
knowledge among participants, fostering a friendly environment and increas-
ing confidence levels within the group. The mean value for this set of statements
was 1.59. Similar high scores for students’ perception of shared knowledge have
been observed in other studies (Bartlett & Anderson, 2019). Furthermore, in
educational escape rooms designed for teaching software modelling, students
reported a high level of involvement from team members (Gordillo et al., 2020).
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Figure 4
Results from the analysis of the post-questionnaire items promoting social
interaction, collaboration and teamwork.

Social interaction, collaboration and team work
post-questionnaireitems
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Statements: 1. | was able to learn from my peers during the escape room activity. 2. | was able to learn
something new on this theme through discussion with classmates from the group. 3. | felt like a part
of the team. 4. | prefer to participate in escape room activities as part of a team. 5. | would like to get
more help while solving the puzzles. 6. All team members were almost equally involved in solving

the puzzles. 7. The abilities of the team and the difficulty of the puzzles were at about the same level.
8. Throughout the game | cooperated and communicated with all of the team members. 9. After the
game, | had a better understanding of what cooperation means. 10. After the game, | gained more
confidence in my peers.

Figure 5 presents the results obtained for a set of statements related to
motivation in the game activities. The mean values for individual statements
range from 1.22 to 1.71, indicating a generally high level of agreement with the
statements. The participants reported being engaged in completing or winning
the game and becoming motivated to learn. They also expressed a sense of ex-
citement and enjoyment, feeling immersed in the game’s story and finding the
game to be fun. Additionally, solving puzzles in the game increased partici-
pants’ confidence and provided an unforgettable experience. The mean value
for the group of statements related to motivation is 1.56, suggesting the game
activities had a positive impact on the participants’ motivation.

In their study in courses on occupational therapy, Dugnol-Menéndez et
al. (2021) reported increased engagement and immersion in the activity when
utilising escape room applications. Similarly, a study conducted in a technical
high school demonstrated that the confidence of students increased after solv-
ing each puzzle in an escape room setting (Karageorgiou et al., 2020). These
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findings highlight the positive impact of escape rooms in fostering engagement,

immersion and confidence among participants in various educational contexts.

Figure 5
Results from the analysis of the post-questionnaire items promoting motivation
and enjoyment.

Motivation and enjoyment
post-questionnaire items
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Statements: 1. Games motivate me to learn. 2. While playing | was trying to complete/win the game. 3.
| almost didn’t notice how quickly the time passed. 4. | was excited while playing. 5. | felt like a part of
the game’s story. 6. The escape room game was fun for me. 7. My confidence increased after solving
each puzzle. 8. The game was an unforgettable experience. 9. After the game | felt more confident.

The next diagram (Figure 6) provides a summary of the results obtained
for a set of statements and refers to the created positive or negative emotions,
created stress or feeling distracted. The mean scores range from 1.59 to 2.94,
indicating varying levels of agreement or disagreement with the statements.
The results suggest that while some participants experienced difficulty focusing
and perceived certain elements of the escape room activity as distracting, there
was a prevailing presence of positive emotions. Other researchers have found
similar results with regard to such statements (Bartlett & Anderson, 2019; Kara-
georgiou et al., 2020).
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Figure 6
Results from the analysis of the post-questionnaire items promoting emotions,
feeling pressure and burden.

Emotions, feeling pressure and burden
post-questionnaire items
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Statements: 1. | found it difficult to focus on the activity/study because | felt stressed or overwhelmed.
2. Some parts of the escape room activity (e.g., codes, puzzles, etc.) distracted me/interfered with
my learning. 3. | felt scared/anxious at the beginning of the game. 4. Positive emotions prevailed over
negative ones.

It is important to note that a subset of the participants reported feeling
scared or anxious. These findings highlight the diverse range of experiences
and emotions that individuals may have during an escape room activity, indi-
cating the need for consideration and support in creating an optimal learning
environment.

Conclusions

In the DiSSI project, a framework was developed to evaluate the effects
of tools on target groups, specifically focusing on students’ perceptions of their
self-concept towards science, interest in the subject, motivation and career
aspirations in STEM. In order to assess these variables, a questionnaire was
employed utilising established scales. The study also aimed to understand the
influence of the escape room experience on situational interest in non-formal
settings and to evaluate the effectiveness of escape room activities and their
impact on student engagement and attitudes towards science.

The data presented in the text indicates substantial support for the effec-
tiveness of escape room activities in science education. Specifically, the decision
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to conduct the escape room as a face-to-face, group work activity with teams
consisting of 3-6 participants seems to have ensured an immersive and interac-
tive learning environment that potentially fostered collaboration, communica-
tion and critical thinking among students from different ethnic backgrounds.

It is important to note that the sample used in the study was not selected
randomly, which may limit the generalisability of the findings. Future research
could aim to address this limitation by utilising random sampling methods in
order to enhance the generalisability of the findings. Additionally, further in-
vestigations could explore the integration of other methods, such as the use
of tip cards, to enhance the implementation of educational activities. Further
insights may also be gained through the analysis of questionnaires distributed
among other target groups and on different topics (such as gases and electrical
circuits). It would also be valuable to assess the knowledge gained through the
application of escape room methodologies in participating countries outside
the project.
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Someone Like Me: A Trial of Context-Responsive
Science as a Mechanism to Promote Inclusion

JANE Essex*!, KIRSTY ROSS? AND INGEBORG BIRNIE*

This paper provides evidence gathered from two suites of non-formal sci-
ence activities that were intended to increase engagement in science by
culturally diverse groups. Both studies involved the delivery of science ac-
tivities that were designed, implemented and evaluated to show culturally
contextualised science. The activities were run in two very different con-
texts (urban and very rural areas) and were designed to be of relevance to
two distinctive cultural groups (those with links to South Asia, and those
being educated through the medium of Gaelic, an indigenous minority
language in Scotland), while also actively engaging with those beyond the
target group. The link between language identity and culture was incor-
porated into the design of both sets of activities as well as the qualitative
evaluation. The latter considers how the participants’ assessment of the
interventions, implemented by writing or drawing on a blank postcard,
was designed to provide unstructured responses and explores what the
resulting data revealed about the impact of the interventions. The findings
suggest that the set of activities that most strongly engaged participants
on the value of diversity in the creation of scientific knowledge, as well
as increasing their focus on the consequences of scientific activity, were
those that facilitated a more exploratory approach to the subject matter.
By contrast, activities that had to be done according to a standard scien-
tific protocol produced growth in subject-specific knowledge. The present
paper explores the principles of the inclusive pedagogies that informed
the design of the activities and discusses how these were operationalised
in two very contrasting cultural contexts. The key finding was that pre-
senting science as social practice, rather than as being socially neutral, is
key to promoting engagement, along with the benefits of explicitly dem-
onstrating the relevance of science to participants’ daily lives.
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Nekdo kot jaz: preizkus naravoslovja, prilagojenega
kontekstu, kot mehanizem za spodbujanje inkluzije

JANE EssEx, KIRsTY ROSs IN INGEBORG BIRNIE

V prispevku so predstavljeni dokazi, zbrani na podlagi dveh sklopov ne-
formalnih naravoslovnih dejavnosti, katerih namen je bil povecati vklju-
¢enost kulturno raznolikih skupin v naravoslovje. Obe $tudiji sta vklju-
Cevali izvajanje naravoslovnih dejavnosti, ki so bile zasnovane, izvedene
in ovrednotene tako, da so prikazovale naravoslovje, kontekstualizirano
s kulturo. Dejavnosti so se izvajale v dveh zelo razli¢nih okoljih (mestna
in podezelska obmo¢ja) in so bile zasnovane tako, da so bile pomembne
za dve razli¢ni kulturni skupini (¢lani prve imajo vezi z juzno Azijo, ¢la-
ni druge skupine pa se izobrazujejo v gel$¢ini, jeziku avtohtone manjsine
na Skotskem), hkrati pa so aktivno vkljuéevale tudi osebe zunaj ciljne
skupine. Povezava med jezikovno identiteto in kulturo je bila vklju¢ena
v zasnovo obeh sklopov dejavnosti pa tudi v kvalitativno vrednotenje.
Zadnje obravnava, kako so udelezenci ocenjevali intervencije, ki so jih
izvajali s pisanjem ali z risanjem na prazno razglednico, in kako so bili
zasnovani za zagotavljanje nestrukturiranih odgovorov, ter raziskuje, kaj
so pridobljeni podatki razkrili o u¢inku intervencij. Rezultati kazejo, da
je bil sklop dejavnosti, ki je udelezence najmocneje pritegnil k razmi-
$ljanju o vrednosti raznolikosti pri ustvarjanju naravoslovnega znanja
in povecal njihovo osredinjenost na posledice naravoslovne dejavnosti,
tisti, ki je omogocal bolj raziskovalen pristop k predmetu. Nasprotno pa
so dejavnosti, ki jih je bilo treba izvajati skladno s standardnim znan-
stvenim protokolom, povzrocile rast znanja o posameznem predmetu.
V tem prispevku so raziskana nacela inkluzivne pedagogike, ki so bila
podlaga za oblikovanje dejavnosti, v prispevku pa obravnavamo tudi,
kako so se ta nacela izvajala v dveh zelo kontrastnih kulturnih okoljih.
Klju¢na ugotovitev je bila, da je za spodbujanje sodelovanja udelezencev
klju¢nega pomena predstaviti naravoslovje kot druzbeno in ne druzbe-
no nevtralno prakso ter da je koristno izrecno prikazati pomen naravo-
slovja za vsakdanje zivljenje udelezencev.

Klju¢ne besede: inkluzija; pravi¢nost; kultura; raznolikost;
naravoslovje, ki temelji na kontekstu
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Introduction

In Scotland, one of the four nations of the UK and the location of the
reported study, the devolved government has had a strong focus on promoting
STEM for all pupils. Despite this, concerns persist about recruitment to profes-
sional STEM pathways, overshadowing the importance of STEM for citizenship
or socialisation (Scottish Government, 2017). The agenda to recruit profession-
al scientists tends to understand science as a neutral and objective study of the
natural world, set apart from the cultural environment in which it is practised.
Paradoxically, while upholding the cultural neutrality of science, policy driv-
ers may, unintentionally, prevent the equitable distribution of the benefits of
STEM learning across the population. The present study considered whether
presenting science as an activity intimately connected to its cultural context
could enhance the engagement of groups who are currently under-represented
in science. The intention was to achieve educational inclusion, as defined in the
paper, as well as to meet the stated intention of Scottish education policy that
every child should be ‘present, participating and succeeding’ (Scottish Govern-
ment, 2019).

At present, there is a sad litany of groups who are under-represented in
STEM or, more accurately, minoritised by the culture and practices of STEM
(Campaign for Science and Education, 2016). Characteristics associated with dis-
proportionately low uptake in STEM in the post-compulsory phases of education
and in the STEM workplace provide the best indicator we currently have for those
at risk of disaffection from science more generally. Evidence identifies that those
with a below average engagement with STEM include those living in conditions
of socioeconomic deprivation, those with disabilities, those whose first language
is other than the dominant language of instruction, LGBTQ+ people, young car-
ers, and those in remote geographical areas, as well as with intersecting combina-
tions of such characteristics (All-Party Parliamentary Group, 2020). Other char-
acteristics result in a more nuanced picture of exclusion, giving variable outcomes
for people of colour depending on the precise ethnic identity, while gender is
disadvantageous in different ways across different STEM disciplines (Campaign
for Science and Education, 2016).One factor that recurs through studies of why
these disparate groups are alienated from science and other STEM subjects is the
discrepancy between their personal cultural identity and that which they associ-
ate with the pursuit of science (Archer et al., 2020; Asbacher et al., 2010; Vincent-
Ruz & Schunn, 2018). The study that is reported here considers two interventions
that sought to actively include participants who are culturally diverse: one case
linked to ethnicity and the other to linguistic heterogeneity.
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Inclusive education as aspiration and practice

Inclusion is commonly viewed in the UK as an approach to education
that seeks to address the educational needs of children with disabilities within
existing educational structures. This ‘shorthand’ view of diversity and inclusion
may well arise from the fact that children with disabilities were legally excluded
from standard state educational provision and educated in segregated settings
(or not at all, in some cases) until well into the twentieth century in both Scot-
land and the rest of the UK. While disability may have been a proving ground
for teachers’ notions of differences and otherness, the list of characteristics set
out in the introduction reminds us that difference takes many forms. Initially, as
further diversity characteristics were understood to be associated with differing
educational achievement, different pedagogical strategies were devised for the
different categories of difference. The Swan Report (Committee of Enquiry into
the Education of Children from Ethnic Minority Groups, 1985), for instance,
was a response to the scholastic under-achievement of children of colour whose
parents had arrived in the UK after World War Two. However, rather than a raft
of different forms of inclusion, growing awareness of the complexities of educa-
tional identity has resulted in a more holistic notion of inclusion, as expressed
in UNICEF’s (n.d.) definition:

Inclusive education allows students of all backgrounds to learn and grow

side by side, to the benefit of all.

Accompanying this, a newer notion of inclusion has seen a shift away
from deficit thinking about diversity towards asset-based practices and con-
sideration of how we can make a shared learning environment conducive to
optimal learning by all. Success with such an approach has previously been
reported in careers guidance (Drobni¢, 2023) and might be expected to have
a comparable impact in orientating young people towards science. The trans-
formation has wrought a reconsideration of how diversity can enrich learning,
rather than presenting a barrier to curriculum delivery (Goéransson & Nilholm,
2014). However, the reality in the UK differs markedly from this aspiration.
In many places, provision is very granular, with different school types serving
young people with different characteristics. Even in Scotland, where education
in the neighbourhood school is the presumed option (Scottish Government
web site), STEM subjects are not equally taken up, despite being universally
available. This raises questions about the ways in which STEM is especially ex-
clusionary. The answer may lie deep within the culture of STEM, much of which
springs from historical legacies that are no longer visible but have conferred
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an enduring pattern of thinking, practices and values regarding STEM sub-
jects. To render science education genuinely inclusive, current practices and
assumptions need to be subject to critical scrutiny in such a way as to dismantle
the barriers that are embedded within them. This includes the remoteness of
science from everyday practices in the home and community, the paucity of
diverse role models, the use of unfamiliar terms and apparatus, and the notion
that only controlled experimentation can produce valid findings (Essex, 2023).
The repositioning of science as social knowledge could, conversely, be expected
to enhance its accessibility to learners from a wide range of cultures.

Cultural diversity in science

Science could justifiably be described as having its own distinctive cul-
ture if we adopt a sociological definition of culture. This describes culture as
being the values, beliefs, practices, language and communication that people
share as a result of learning. It also includes the artefacts associated with their
shared ways of thinking (Hall et al., 2003). Science clearly meets this defini-
tion in that it shares beliefs, some of which are foundational, including the be-
lief that natural phenomena are subject to verifiable physical laws. Scientists
also generally share the belief that ideas should be verifiable by controlled
experimentation, and they communicate their work using a shared technical
vocabulary, formulae and diagrams. Their artefacts are the very similar scien-
tific instruments they use to conduct their experiments. Furthermore, treating
science as a culture has enabled researchers to explore how it confers ‘capital’
in the Bourdieusian sense, that is, the power to make choices and achieve self-
advancement (Archer et al., 2020) in the way that Bourdieu described ‘cultural
capital’ operating in wider society.

The agency that capital confers on its possessor is not, however, of uni-
versal value, but is dependent on the cultural environment in which the posses-
sor finds themselves. This is the mechanism by which children who have had
prior exposure to culture that is considered desirable at school find that they
already have knowledge that is favoured in the school environment. Bourdieu
considered this to be the mechanism whereby school sustains existing class ine-
qualities (Bourdieu, 1984). The same mechanism is applicable when the impact
of science capital is analysed. Children who come from home lives where sci-
ence is used, talked about and valued, those who engage in scientific activities
during their leisure time, are found to do well in science and to choose to pur-
sue it after it ceases to be a compulsory school subject (Archer et al., 2020). One
of the key recommendations to arise from Archer et al’s work is that teachers
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need to portray science not as something separate from pupils’ everyday life,
but as something relevant to it. Such endeavours could be interpreted as a re-
newed attempt to bridge ‘two cultures’ (Snow, 1959). As Reingold and Zamir
(2017) note, despite the pressing need for such cultural mediation, there is far
more said in policy than is known about successful practical implementation.

The need for conscious mediation between the culture of science and the
‘popular’ cultures of pupils’ everyday lives is important for its uptake. School
science has a history as an elitist subject, available only to people attending
schools that were selective based on academic attainment and, very frequently,
based on coming from a family that could pay large fees for school attendance
(Jenkins, 1979). The fees enabled the provision of specialist laboratory facili-
ties for science and the recruitment of highly educated teachers, who presented
a curriculum that was abstract and very intellectually demanding. The same
teachers were over-represented in organisations that have come to define what
science education ought to be (Jenkins, 2013), such as the Association for Sci-
ence Education. Ultimately, an elite minority have made their own, very par-
ticular version of science synonymous with the entire subject. Their legacy is a
subject that is commonly perceived as ‘hard’ and ‘male, pale and stale’ (Cham-
bers, 1983; Finson et al., 1995), and that has not responded in a timely manner
to the ever more diverse nature of learners in science classrooms (All-Party
Parliamentary Group, 2020). ‘Draw-a-scientist methodologies show repeat-
edly that young people see scientists as someone not like them, in that they
are older, only one gender and only one ethnicity. They are also commonly
depicted as ‘mad; secretive, engaging in dangerous activities and exception-
ally clever (Chambers 1983; Finson et al., 1995). Other researchers describe the
frequency with which scientists are perceived as different, often cleverer than
them (Osborne et al,, 2010). Children’s notions of scientists as people very dif-
ferent from themselves are accompanied by ideas about the strangeness of what
they do, how they do it and the objects they use. This contrasts sharply with
‘folk science’ or ‘naive science, which relates to familiar, everyday objects and
phenomena (Champagne et al., 1983). The combination of these factors makes
formal science seem culturally alien to many young people.

Inclusive science pedagogy

Attempts to enact inclusion in pedagogy quicky become mired in con-
flicting performativity pressures to which science, as a ‘gatekeeper’ subject, is
especially prone. Such efforts are also hampered by the tendency of school sys-
tems to view diversity as an administrative challenge and a drain on resources
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(Essex et al., 2019). The fear of diminishing attainment by promoting inclu-
sion is a common fallacy, despite evidence to the contrary (Palid et al., 2023).
The common result is a tokenistic reference to different cultures, which may
succeed only in ‘othering’ minority groups (Alexiadou & Essex, 2015). Gibson
(2015, p. 2) notes that this leads to a situation in which “[i]nclusion becomes
about attempts to induct that which is ‘different’ into already established forms
and dominant institutional cultures”. However, full inclusion would seek not to
subsume a minority culture into the hegemonic culture, but to actively incor-
porate diverse positions as valuable assets for everyone.

Mensah and Larson (2017) posit six approaches to (culturally) inclu-
sive pedagogy. They call for culturally relevant, culturally responsive, cultur-
ally congruent and culturally sustaining science education for both teachers
and students. They also advocate the intentional deployment of the ‘funds of
knowledge’ that students bring in from beyond the classroom and, aligned to
this, they encourage the use of the ‘third space; that is, places that are neither
school nor home, for the elicitation of such knowledge. These approaches all af-
firm cultural identities and draw upon them in the creation of scientific knowl-
edge, emphatically rejecting any notions of inadequacy amongst the marginal-
ised. Similarly, Cobian et al. (2024) advocate the centring of cultural identity in
STEM undergraduate programmes. Evidence of the practical difficulties in im-
plementing these changes in practice is provided by Underwood and Mensah
(2018), whose interviews with science teacher educators indicate a recognition
of the imperative to enact culturally responsive pedagogies, but, at the same
time, reveal a lack of knowledge of how this might be carried out in practice.
The strategies are intended to show science education to be much more than
the transmission of objective facts and to include the development of critical
insights into how science has been practised and used. However, Cobian et al.
(2024) caution that systematic changes in the support and climate in educa-
tional spaces are needed alongside curriculum and pedagogic reform if uptake
is to be diversified. One under-acknowledged source of support for minoritised
students who persevere with science is their community, and initiatives that
enable community members to contribute to teaching are a powerful source of
affirmation (Aschbacher et al., 2010).

The characteristics of inclusive pedagogy can be summarised in the fol-
lowing framework, based on work by Pomeroy (1994) and updated in the light
of evidence that has been published since its inception (Essex, 2023). Note that
this framework is designed to ensure optimal learning by all pupils, irrespective
of individual characteristics, but it is certainly applicable to culturally diversity
populations.
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1 Relevant

The importance of showing science as something that impacts upon
learners’ daily lives has been established by various context-based science cours-
es. Although the academic gains are commonly not large, there are marked im-
provements in attitudes towards science and there is evidence of a reduction in
the gap between groups in this regard by enhancing the positive views of the
group that had been previously less enthusiastic about science (Bennett et al.,
2007). It is important, however, that the contexts and applications of science are
shown in a diverse way, so that a ‘male, stale and pale’ image of people to whom
science matters is not perpetuated. Another aspect of making science relevant
is the deployment of multi-modal resources, including hands-on and sensory
exploration, different types of images, speech, written texts and a range of digi-
tal media. A further pedagogic consideration is the deployment of a range of
teaching and learning strategies, including group work. This enables pupils to
draw on their personal knowledge and to have it validated.

2. Free from prejudice and respectful of diverse responses

Inclusive pedagogy must, of necessity, start from the position that every-
one has both the capacity to learn and the capacity to contribute. This requires
teachers to challenge any barriers created by low expectations and negative ste-
reotyping. In this environment, diversity is seen as a resource to be valued,
rather than a problem to be corrected (Rapp & Corral-Granados, 2021). Criti-
cally challenging structural barriers to the fair treatment of everyone is an im-
portant aspect of actively countering prejudice. By showing how inequalities in
power have enabled science to become a exclusionary undertaking, we equip
our young people to re-evaluate their ideas about what science is and who has
made valuable but unacknowledged contributions.

3. The three R’s: reflective, reflexive and responsive

Teacher disposition is at the heart of inclusive teaching, although many
teachers continue to see inclusion as a question of resourcing or the acquisition
of specialist techniques (Alexiadou & Essex, 2015). The tendency to locate dif-
ficulties associated with inclusion in the diverse pupil perpetuates a deficiency
model of diversity. The most effective teachers have been found to be those who
take responsibility for the learning in their classrooms and demonstrate reflex-
ion, that is, they recognise their role in the events that unfold. They incorporate
this awareness of their own impact in an ongoing cycle of observation of pupils
during lessons, reflection on the outcomes of lessons and, in response to the in-
sights derived from this, revise future teaching as indicated (European Agency
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for Development in Special Needs Education, 2012).

4. Constructed to offer diverse pathways to success

One of the fundamental pedagogic shifts that has taken place in re-
sponse to the increasingly diverse pupil population is the shift away from a
single learning pathway that all pupils will follow in an identical manner. It is
now expected that there will be multiple ways to undertake an expected piece
of learning, providing challenge alongside support, as needed. Support may be
required with language, whether this is because pupils customarily use other
languages than the one of school instruction, or whether it is due to unfamiliar-
ity with technical vocabulary and unfamiliar apparatus. Ensuring that all learn-
ers can both understand and contribute to the learning constitutes testimonial
epistemic justice (Fricker, 2007), which must be a primary aim of inclusive edu-
cation. Another crucial consideration is the need to allow sufficient time for the
repetition and reflection that give rise to deep learning (Bruner, 1966). In the
case of science, which is commonly presented as a content-rich subject (Hirsch,
1996) that requires children to learn facts, emphasising science as an approach
may be a helpful way to reconceptualise success. This provides the learner with
the chance to tackle problems in a scientific manner and removes anxiety about
knowing the right answer.

Research aims

The present study was constructed to evaluate the impact of intention-
ally culturally inclusive science activities on young people’s responses to such
activities. The work was designed to answer the following research questions:
L To what extent do intentionally inclusive science activities successfully

convey the intended scientific concepts?

2. Do intentionally inclusive science activities alter young people’s ideas
about science?

Method
Participants

Three plant science activities were run in two Scottish botanic gardens
and at two science festivals, where participants included families and social
groups as well as school groups of pupils and their teachers. The venues were se-
lected because of their location and because the places where the activities were
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being conducted could reasonably be expected to attract culturally diverse visi-
tors. The sampling was random, as it depended on the decision of adults to visit
the gardens or festivals. The participants chose how long they wished to spend
on the activities and the time spent varied from a few minutes to half an hour.

The second set of activities comprised forensic science tests devised to
appeal to schools educating children through the medium of Gaelic, the major-
ity of which are based in the rural northwest of Scotland and islands to the west
of that. Gaelic is commonly presented in popular media as a language linked to
a historic past, but not as a modern language of the twenty-first century (Du-
more, 2017). For this reason, the research team was interested to know whether
that stereotype could be challenged by the presentation of modern analytical
techniques and materials in the medium of Gaelic. Sampling was purposive, in
that all of the schools in the target area were contacted. However, access to the
young people was by the agreement of the teachers in the schools.

Instruments

The evaluation process was approved by the University of Strathclyde’s
School of Education Ethics Committee before data gathering began. In order to
be as inclusive as possible, designing evaluation tools that were equally inclu-
sive was integral to the design of the activities. The same format of data gath-
ering instrument was used in both sets of activities, with appropriate minor
modifications to make it relevant to the set of activities to which it related. To
that end, postcards were used that asked the young people who took part in
the interventions to write or draw their ideas about plant science or forensic
science before doing the activities, and then again afterwards (Ross et al., 2023;
Ross, 2023). The question at the top of the postcard was “‘What do you think
about when you hear the words plant science/forensic science?’. On the back of
the postcard, to be filled in after doing the activities, was the question, ‘What
do you now think about when you hear the word plant science (or forensic
science)?” The postcards were available in English and the sixteen community
languages in use in Scotland: Arabic, French, Finnish, Gaelic, German, Greek,
Italian, Malay, Maltese, Polish, Romanian, Russian, Urdu, Pashto, Sinhalese and
Welsh. Translations into all of these languages had been obtained by asking
members of a public engagement group who knew languages other than Eng-
lish, and participants could choose to use whichever version of the evaluation
card they wanted. Skin-tone crayons were provided to enable participants to
represent people of diverse ethnicities in their drawings. In addition, a ten-item
questionnaire was created on a secure web area and a QR code to access this
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was shared with participating adult members of the public and teachers ac-

companying the young people, based on the Dimensions of Attitudes towards

Science survey instrument (Wendt & Rockinson-Szapkiw, 2018). Finally, field

notes were written at the end of each session and noteworthy comments made

by the participants were recorded in the notes.
The questionnaire administered to teachers and accompanying adults at

both sets of activities contained the following questions and statements:

Q1 Ithink that science education is essential for helping children and young
people become more involved with society’s problems.

Q2  Ienjoy teaching science

Q3 Which subjects do you think that your children and young people like
best?

Q4  In what ways or contexts do you think they recognise the importance of
science in their daily lives?

Qs  What jobs do you think your children and young people aspire to do?

Q6  How many people do your children and young people know who use
science in their job? Who are they and what jobs do they do?

Q7 Do your children and young people find science interesting?

Q8 Do your children and young people find science hard?

Qo Do you think that the sort of science you teach in school/youth group is
the same as what real scientists do?

Q1o Do your children and young people think they could make a new scien-
tific discovery?

Science activities

Two sets of science activities were devised, informed by the principles of
inclusive pedagogy, especially those of Menson and Larson (2017). The activi-
ties were intended to model culturally responsive approaches relevant to two
cultural groups who appear to be under-represented in the media of science
education, and who may therefore feel alienated from science.

The first set of activities related to the interconnections between Scot-
tish plant scientists and those of South Asia, with the intention of engaging
people who had links to, or were interested in, South Asia. The activities were
informed by ideas of ‘decolonising the curriculum’ and considering the power
imbalances that made it possible for northern hemisphere travellers to exploit
the people and natural resources of the southern hemisphere, including its
plants (Begum & Saini, 2019). Most importantly, however, there was no sugges-
tion that the activities were only for those of South Asian heritage. This suite
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contained three activities:

1. A sniff and match activity, in which visitors were asked to match whole
spices to processed spice; for example, matching whole cloves to clove
oil by smell. This activity was accompanied by conversations about the
parts of the plants that gave us spices, the evolutionary origin of spices
and the biological activity as well as chemical composition.

2. A ‘junk modelling’ activity in which visitors were asked to build a plant
carrying case suitable for carrying specimens (a piece of sprouting gin-
ger rhizome, coriander seeds and saftron crocus bulb) on a ship for six
months, as the eighteenth-century explorers had to. The activity was ac-
companied by a discussion about the impact of advances in technology
to transport plants on local and global economies and a conversation
about the lives of some Scottish and South Asian plant scientists, for
whom an accompanying set of short biographies were provided.

3. A cyanotype (blue printing) activity in which visitors were asked to use
letters, negative images of plant scientists from Scotland and South Asia,
and pressed South Asian plant specimens to create an image showing
what they had learned.

The second suite of four activities comprised a set of forensic activities
designed to enable participants to deduce who had dumped litter, resulting in
the death of a rare seabird that had ingested the litter. The context was chosen
to be of relevance to children in places where ecotourism involving observ-
ing wildlife is essential to the local economy. The associated worksheets, casts
of shoe prints, photographs of evidence, labels on experimental apparatus and
reagents used by the pupils were written in Gaelic and a supporting vocabulary
list was provided for teachers with Gaelic-English translations of all of the tech-
nical terms to assist its use with pupils who were not proficient Gaelic speakers.
The context of the analysis concerned a puffin that had been found dead, with
the death being attributable to the bird having eaten plastic items among litter
that had been illegally dumped on a beach. The importance of ecotourism in
rural parts of Scotland was intended to make the problem relevant to the young
people.

The evidence that was presented were footprints from the crime scene,
fingerprints and a (synthetic) blood sample recovered from items in the bag of
rubbish, as well as DNA profiles from blood and hairs found at the crime scene.
These were compared to those of three suspects, whose data was provided. The
activities followed on sequentially, although they were not all offered to all par-
ticipants, depending on the ages of the children. The sequential nature of the
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activities required them to be carried out in an ordered way. This contrasted
with the first suite of activities, each of which was ‘standalone’ and so permit-
ted participants to do the activities in any order they chose or to omit activities
completely if they wished to. The forensic science activities were run in schools
in the northwest of Scotland, where teachers were able to observe the resources
being used with their pupils. The sessions lasted between 40 and 6o minutes. In
addition, three professional development sessions were run online for teachers
to support them in the use of the forensic kits. Although the activities were dif-
ferent in the second group, basic demographic data captured on the evaluation
cards indicated that the age profiles of the participants were similar to those
who engaged with the first set of activities.

Research Design

The data processing took the form of a compilation of the quantitative
data generated by Likert scales associated with some of the questions and state-
ments in the questionnaire given to teachers and other adults. The answers to
the open-ended questions on both the questionnaire and the postcards were
subject to thematic analysis in the following stages. Firstly, the two sets of data
were coded separately, that is, terms, phrases or images with shared meaning
(though not necessarily the same words) were assigned a common code (Braun
& Clarke, 2006).

The use of the postcards is illustrated by the following example. One
completed postcard depicted the outline of a body on the floor, a microscope
and the phrase ‘DNA’ The outline of the body and the microscope were judged
to be about the scientific process specific to the context of forensic science,
while the DNA was judged to be factual knowledge specific to the activity. Af-
terwards, the same participant provided a bullet point list setting out materials
relevant to the activities they had done. The list comprised blood, hair, DNA
and fingerprint. Initially reflecting repeatedly upon the very disparate data
gave rise to lower order codes, such as forensic science process and forensic
science reagents. Further reflection gave rise to three high order themes that
overarched all of the meanings conveyed by the raw data, of which the lower
order themes formed sub-themes. The themes were general epistemology, top-
ic-specific content and the impact of scientific knowledge. The resultant sub-
themes and derived themes are shown in the columns headed ‘sub-themes’ and
‘themes’ respectively in Table 2.

After analysis of the raw data, the two sets of data were observed to
give equivalent sub-themes, which made it possible to compare how they had
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been received by the participants. Finally, the analysis was compared with field
notes and feedback from colleagues who had been present to ensure that the
themes fairly represented the reactions of the participants (King, 2004). Once
the themes and sub-themes had been agreed, the four data sets (plant science,
forensic science; before intervention and after intervention) were analysed sep-
arately. A tally was made of the incidence with which the different sub-themes
were expressed in the raw data, expressed as a proportion of the total responses,
using the formula:

number of responses corresponding to the sub-theme

= proportion of answers referring to the sub-theme
total number of responses

The descriptive statistical approach enabled a comparison to be made of
the frequency with which different ideas were expressed before carrying out the
activities and identified any shift in thinking due to the intervention.

Results
The data gathered are summarised below.

Table 1
Responses to the questionnaires administered to aduls.

Q1 Ithink that science education is essential for helping children and young
people become more involved with society’s problems.

Response Tally
Strongly agree 9
Agree 6
Neutral

Total 15

Q2 Ienjoy teaching science

Response Tally
Strongly agree 4
Agree 8

Neutral 3
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Q3

Q4

Which subjects do you think that your children and young people like

best?

Subject

Category/number of responses

Number of
responses

Practical science
Science
STEM

Mathematics

STEM 11

2

Active learning
Practical science
PE

Art

Music

Experiential learning 18

(o2 B B N R N L S O B N

Ones that connect to their context

Health and well-being
Reading/literacy

Other 4

Total

33

In what ways or contexts do you think they recognise the importance of

science in their daily lives?

Response Location Number
Few or none Not applicable 4
Teaching/class discussion 3
Science teaching School input 2
Hands on experiences 2
Total 8
News 1
Technology around them 1
Natural world Out of school experience 1
Climate change 1
Media 1
Total 5

All responses 17
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Qs

What jobs do you think your children and young people aspire to do?

Job

Category

Responses

Mechanic

Engineer

Builder

Distillery work

Farming/crofting

Engineering

Game keeper

Work in renewable energy sector
Work at NASA

Digital media (gamer/You Tuber/influencer/games

designer)

STEM related

2

S NG J i SN

Total

Nurse/doctor
Teacher
Police
Firefighter
Soldier

Public sector

Total

Journalist
Footballer
Hairdresser
Young parent
Shop assistant
Artist

Service sector

Total

All responses

Table 2
Summary of responses to online questionnaires

Plant science activities

Forensic science activities

52 52 52 52
Theme Subtheme o £ ¢ g2 o 58 58
< S a N S a g S a N g2
2 §5 & 85 £ §F & &5
o0 as < % o x5 < a%
. Scientific knowledge 17 18 8 10 1 .02 0 0
Epistemology o A
Scientific process or activities n 12 15 19 15 30 30 4
Location/habitat/ context of science 7 .08 12 15 9 18 2 .03
‘ 3 Factual knowledge, e.g., names of 37 40 7 21 n 2 30 n
Topic-specific ~ Pplants or tests and reagents
People who do science 3 .03 6 .08 6 12 4 .05
Diversity 0 0 3 .04 0 0 0 0
Impact of Utilitarian outcomes 6 .06 17 21 6 12 7 .09
knowledge Affective response 11 12 9 1 0 0 1 .01
Total 92 1.00 80 1.00 50 1.00 74 100
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Only eight participants provided drawings as part of their response and
those made at the plant science activities were considerably more detailed.

Changes in the participants’ thinking were indicated by the changing
proportion with which different sub-themes featured in their answers before
or after the intervention. The most noticeable shift - brought about by carry-
ing out some or all of the plant science activities - was away from emphasising
scientific knowledge towards engaging further with the scientific process. This
shift was also reflected in what the participants communicated about the topic
under study, with fewer factual comments about plants and more said about the
people creating the scientific knowledge. The emphasis on science as a process,
rather than a static and unquestionable body of knowledge, enhances acces-
sibility and is a powerful tool for engaging a wider audience (McComas, 1996).
There were also increased references to habitat and the interactions between
plants and animals. For an intervention designed to explore cultural diversity
in science, it was surprising to find only three pieces of data referring explicitly
to diversity in the post-intervention data. One possible explanation for this is
that asking about what they knew about science signalled that the responses
expected would resemble those required for a school science test. The other
change shown by the data is a proportionately large increase in awareness of
the usefulness of scientific knowledge. This would have been predicted given
that the activities focused on food products from plants. Anecdotal evidence
recorded in the field notes suggest that the everyday nature of the plant science
activities made them accessible. One child exclaimed, ‘It smells like Christmas’
while sniffing the whole cloves, and many of the participants talked about the
dishes they associated with the different spices. There was, however, only one
explicit comment on the multilingual postcards, when a primary aged child
observed, ‘My granny uses this, when they saw the card in Urdu.

The forensic science activities brought about a doubling in focus on the
scientific process. Responses regarding the science underpinning the activities
showed a large drop in focus on context, a near trebling of the proportion of an-
swers providing factual knowledge, such as the names of tests or reagents, and
a reduction in references to the people who do the science. This content-rich
form of forensic science may align with pupils’ perceptions of school science.
There was no reference to linguistic diversity or culture in the feedback. The
most common reference to the context of the activities was several comments
by teachers about their appreciation that the researchers had visited them in
their very rural location, rather than asking them to travel to a centre of popula-
tion. There was also satisfaction at being given previously translated material, as
many Gaelic medium teachers find translating English language resources into
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Gaelic very time-consuming. Disappointingly, given that the activity had been
chosen as one of direct relevance, by the time the interventions ended there
was no change in the participants’ recognition of the impact of the knowledge
generated by the activities. This was surprising given the literature, which ad-
vocates for culturally relevant pedagogy (Aschbacher et al., 2010; Cobian et al.,
2024; Mensah & Moore, 2017).

A comparison of the differences between the two sets of activities
showed that they both brought about a change in people’s thinking about sci-
ence in general and about the area of science under study. The forensic science
activities were especially successful at increasing the participants’ awareness of
the processes associated with science, but there was also a marked increase in
focus on the factual aspects of the activity and a correspondingly reduced focus
on the context in which the science was situated.

Discussion

The major factor limiting the gathering of data on impact seems to have
been time constraints and the inevitable tension between taking time from sci-
ence communication activities to leave sufficient time for feedback. The rela-
tively short duration of the interventions also limited the level of impact that
the activities could be expected to exert. There was greater detail in the draw-
ings arising from the plant science activities, which were gathered at a public
event, where participants were able to take as much time they wanted over the
activities and evaluation. Conversely, delivering the forensic science activities
in a school setting inevitably meant that the participants had limited time, dic-
tated by their timetable. As described previously, external factors create time
pressures that mitigate the desire for truly inclusive pedagogy, which raises ma-
jor questions about our beliefs regarding what the most important outcomes
from education should be.

Similarly, time pressures limited the response rates to the question-
naires. Nevertheless, some trends do appear within the data. As might be ex-
pected of staff who volunteered to engage with an additional science activity,
they expressed positive views about science in school and their teaching of it
(Q1, Q2 and Qy). They also believe that their pupils enjoy science, with both
STEM subjects and ‘hands on’ subjects being considered popular; science has
the considerable advantage of occupying both categories. This popularity sits
alongside a view of science as only ‘sometimes hard’ (Q8). The teachers ap-
pear to see themselves as the main source of awareness about the role of sci-
ence in the wider world (Q4). They also identify, whether consciously or not,
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a disconnect between school science and professional science (Qg), but nev-
ertheless believe in the scientific capacity of their pupils and entertain positive
views regarding whether their pupils could make a scientific discovery (Qzo).
Allied to this, many jobs that use STEM subjects were identified as career as-
pirations, although whether this factor contributed to the choices cannot be
known. Familiarity with people who do STEM-related jobs doubtless plays a
part in this, since it raises ‘science capital, although the disconnect between
aspiration and future realisation remains a major barrier (De Witt et al., 2013).

The two sets of activities were quite distinctive in their design and ex-
ecution. The two participating populations were very different in a number
of important ways, so it is difficult to make a direct comparison. Despite this,
the plant science activities were more closely related to everyday life and were
designed to allow participants a high level of choice about how they tackled
the activities they undertook. Although the activities could be linked to formal
scientific theories, the explanations offered were determined by the aspects in
which the participants expressed interest; for example, based on the questions
they asked or the observations they made. In this respect, the activities could
be considered to be complex, context-based science and were not driven by any
single element of the school curriculum. The decrease in factual knowledge
relating to the topic may reflect the fact that the activities were very different
to those that the participants would associate with formal science instruction.
On the other hand, the forensic activities were far more structured, with each
activity illustrating one technique and one scientific concept, such as the way
everyone has unique fingerprints and why. In this way, the delivery was much
more akin to a standard school science lesson. Both the singularity of content
and the predetermined outcome of the forensic science activities more closely
resembled the format of formal science lessons. The approach may be reflected
in the increased focus on topic-specific content shown on the postcards.

The participants’ responses raise some interesting points about how sci-
ence educators might set about working most effectively with culturally diverse
audiences in future. Both sets of activities were designed and delivered in keep-
ing with the criteria for generally inclusive science teaching (or knowledge ex-
change) and, additionally, to exhibit diversity identifiers. However, there was
very little acknowledgement of the impact of the overt message about diversity
in science. This raises important questions about whether such diversity mark-
ers may be viewed as superficial or tokenistic and disregarded (Alexiadou & Es-
sex, 2015). Alternatively, they may serve as a general signal of intentional cultur-
al pluralism, which, in turn, is associated with an improved diversity climate,
in which both psycho-social impacts and academic outcomes are enhanced
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(Schachner, 2019). This impact extends beyond those to whom any specific di-
versity signifier has personal meaning, as was shown in some of the anecdotal
evidence. The implication of the latter explanation is that every science activity,
whether formal or informal, would need to be matched very precisely to the
cultural profile of the intended audience. It also treats diversity as a series of dis-
crete categories rather than a complex and fluid aspect of society (Kraus, 2012).
Such an approach would be both practically challenging and directly counter
to the notion that education should broaden young people’s understanding of
their world and the different people in it (Biesta, 2010).

The generation of the sub-themes and themes suggests that the partici-
pants’ notions about science fell into two categories: those relating to science in
general and those relating to the specific topic being studied. There was a cor-
responding dichotomy of focus on the processes of science and the knowledge
that arises from them, with a shift in the proportion of responses in the sub-
themes from content, both general and topic-specific, towards the processes
by which the knowledge is generated. Similarly, there was an increase in focus
on the people who do science, which would facilitate further discussions about
the ways in which science and culture are inter-related. Both groups showed
an awareness of the consequences of scientific activities, but an increase in
awareness of the impacts of science was only observed in response to the plant
science activities. Interestingly, the forensic science activities did not provide
evidence of an increased knowledge of social impact, despite their intended
relevance to the young people’s social and cultural context.

Conclusion

Efforts to explicitly involve diverse cultural groups via multilingual re-
sources and the selection of culturally relevant topics resulted in slight changes
in the participants’ views of science, but did not result in an explicit articulation
of the place of diverse knowledge in the pursuit of science. Nevertheless, there
was evidence that these signifiers of diversity were noted and appreciated by a
few participants and were not a deterrent to others. More significantly for fu-
ture efforts to enhance social inclusion, the two sets of activities provide some
evidence of how to bring about changes in thinking about what science actually
is. Some of these changes could be expected to enhance engagement in sci-
ence by those who are currently under-engaged. Noticeably, the set of activities
that differed most from the format typically taken by school science brought
about more changes in viewpoint that would be expected to mitigate the deter-
rent features of science. The study provides evidence of the benefits of a less
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content-driven approach to science, one that presents alternative ways of be-
ing scientific and presents science as body of knowledge to which very diverse
people have contributed (and will continue to contribute). The findings suggest
that easily assessed scientific knowledge is not the most inclusive version of sci-
ence, nor is it ultimately the most socially sustainable. The implication of these
findings for future practice is that the nature of science in the curriculum, and
its associated assessment, may need radical review.
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Non-formal Science Education: Moving Towards More
Inclusive Pedagogies for Diverse Classrooms

GENCO GURALP!, MARTIN MCHUGH? AND SARAH HAYES?

~> The Diversity in Science towards Social Inclusion-Non-formal Educa-
tion in Science for Students’ Diversity (DiSSI) project aimed to provide
a holistic perspective on diversity, focusing specifically on cultural and
ethnic identities, language, socioeconomic background, gender, as well
as differing levels of achievement. In particular, the work presented in
this paper aims to tackle consciously the issues surrounding teaching and
learning in socio-economically deprived areas through non-formal edu-
cation. This paper presents the results of a pilot study that examined how
students participating in non-formal education engage with multi-modal
pedagogical approaches designed to address multiple dimensions of di-
versity via an intersectionality lens. Working with diverse groups requires
varied methods; as such, a mixed-method approach was employed in the
study to ensure the research team authentically captured and engaged
with the lived experiences of the participants. The study aimed to generate
best practices that augment the science capital of students, which are ap-
plicable across various contexts of diversity. The pedagogical approaches,
while not novel in science education literature, were rarely utilised by the
teacher and thus were rarely experienced by the students. Participants re-
ported a greater sense of autonomy and ownership of the science through
participation in the DiSSI programme. Preliminary results indicate an
overall positive experience for students and teachers alike and offer in-
sights into the overall lived experiences of participants, which inform fu-

ture work.
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Neformalno naravoslovno izobrazevanje: priblizevanje
inkluzivnej$im pedagogikam za raznolike razrede

GENCO GURALP, MARTIN MCHUGH IN SARAH HAYES

Namen projekta Science towards Social Inclusion — Non-formal Education
in Science for Students’ Diversity (DiSSI) je bil zagotoviti celosten pogled
na raznolikost, s posebnim poudarkom na kulturnih in etni¢nih identi-
tetah, jeziku, socialno-ekonomskem ozadju, spolu pa tudi na razli¢nih
ravneh dosezkov. Cilj dela, predstavljenega v tem prispevku, je zlasti za-
vestno reSevanje vprasanj, povezanih s poucevanjem in z ucenjem na
socialno-ekonomsko prikrajsanih obmocjih prek neformalnega izobra-
zevanja. V prispevku so predstavljeni rezultati pilotne $tudije, ki je pre-
ucevala, kako se u¢enci, ki sodelujejo v neformalnem izobrazevanju, od-
zivajo na multimodalne pedagoske pristope, namenjene obravnavi vec¢
razseznosti raznolikosti skozi prizmo intersekcionalnosti. Delo z razli¢-
nimi skupinami zahteva razli¢ne metode; tako je bil v $tudiji uporabljen
pristop z me$animi metodami, da bi se zagotovilo, da je raziskovalna
skupina avtenti¢no zajela in upostevala Zivljenjske izkusnje udelezencev.
Cilj studije je bil oblikovati najbolj$e prakse, ki povecujejo naravoslov-
ni kapital $tudentov in so uporabne v razli¢nih kontekstih raznolikosti.
Pedagoske pristope, ki v naravoslovni literaturi sicer niso novi, je uci-
telj uporabil le redko, zato so jih ucenci le redko izkusili. Udelezenci so
porocali o ve¢jem obcutku avtonomije in lastni$tva naravoslovja zaradi
sodelovanja v programu DiSSI. Preliminarni rezultati kazejo na splo$no
pozitivno izku$njo za ucence in ucitelje ter ponujajo vpogled v splosne
zivljenjske izku$nje udelezencey, ki so podlaga za nadaljnje delo.

Kljuéne besede: socialno-ekonomska prikraj$anost; raznolikost;
enakost in inkluzija; naravoslovni kapital; ucenje, temeljece na
kontekstu
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Introduction

The value of diversity is well-documented for scientific research in gen-
eral. Examining over nine million published papers and six million scientists,
AlShebli and colleagues (2018) showed that scientific impact (measured using
citation counts) strongly correlated with the ethnic diversity of researchers in
a collaboration. Additionally, social diversity has recently appeared to be both
a value and a challenge to be reckoned with in the field of science education
(Mansour & Wegerif, 2013). Especially in urban contexts, science classrooms host
a heterogeneous mix of students hailing from diverse backgrounds. These students
study together with students that the teachers are traditionally more familiar
with in their teaching experience, and from this perspective, the latter group
may be seen as a ‘dominant’ one. Consequently, some students may experience
pedagogical disparities as they belong to a minoritised group. The diversities in
question may include cultural and ethnic identities, linguistic ability (including
differing abilities in comprehending the language of instruction), socio-econom-
ic class, gender, as well as differing levels of achievement. As recently demonstrat-
ed by Archer and colleagues (2012), diversity categories such as gender, class,
and socio-economic background heavily influence career decisions and science
aspirations of students. Thus, if insufficiently addressed, diversity in science ed-
ucation can lead to the under-representation of minoritised populations, which
in turn leads to significant social and economic inequalities. The Erasmus+ Di-
versity in Science towards Social Inclusion (DiSSI) project aimed to develop sci-
ence education practices that address the pedagogical needs of a diverse body
of students to contribute to more egalitarian and inclusive science classrooms.

Two important aspects of diversity are not sufficiently addressed in the
current literature: first, most of the recent work on diversity tends to be descrip-
tive; researchers aim to map how contemporary students with diverse backgrounds
view or understand the nature of science, the school science curriculum, or ex-
amine the reasons behind the lack of interest in science that is observed globally
(Avraamidou & Schwartz, 2021; Lee & Luykx, 2006; Aschbacher et al., 2010). How-
ever, what practising teachers need most are pedagogical tools that are available
for them to make use of when teaching in a diverse classroom (Acquah et al,,
2020). Second, much of the research on the issue of which type of interventions
are most helpful in addressing disadvantages that arise due to diversity tends to
focus on a single dimension of diversity, most notably gender (Wright and Del-
gado, 2023) or race (White et al., 2019). However, as will be argued in detail be-
low, diversity is a holistic notion; specifically, the various categories of diversity
do not appear in isolation, but they are present in each individual as a whole.
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To develop a ‘holistic’ pedagogy, the DiSSI project singled out five specific
dimensions of diversity, which the project partners have already built expertise
on, and generated pedagogical approaches that are applicable in wider contexts by
amalgamating this expertise. These specific dimensions are 1) linguistic diversity,
2) cultural diversity, 3) ethnic diversity, 4) socio-economic status, and 5) high-
achieving students. Partners in the project each studied a single dimension of
diversity and then exchanged and re-structured their pedagogical approaches to
generate a set of strategies that can be employed in broadly generalisable ways.

In this paper, a pilot study that was conducted in Ireland as part of the
DiSSI project is discussed. This paper has two specific aims. First, we aim to
present a theoretical framework that provides a conceptual basis for developing
pedagogical interventions for a diverse body of students. We believe that a solid
theoretical understanding is essential for building pedagogical interventions, as
this guides both their development and execution. Second, we aim to present
the empirical results of our pilot project. The research and results presented in
this paper are part of a general programme that was conducted in Limerick, Ire-
land. The main goal of our project in Ireland has been first to investigate which
pedagogical practices are best suited to meet the science education needs of
students from low socio-economic backgrounds and then examine how these
strategies can be amended and improved based on the pedagogical practices
the DiSSI partners developed to address diversity as a holistic notion. To this
end, we have utilised a set of science workshops that were originally developed
in a public engagement with a science setting aimed mainly at the non-formal
sector,’ in addition to workshops specifically designed for DiSSI. These work-
shops are designed to be conducted in in-school and out-of-school settings with
post-primary students. Even though the content and the pedagogical approach
of the workshops vary, they all involve practice-oriented ‘hands-on’ activities
that provide ‘agency’ to the students that they may insufficiently experience in
the school science setting. One example of these activities is the Medicine Maker
workshop, in which students ‘manufacture’ dummy capsules using a capsule-filling
plate and other equipment. The main guiding question for our study has been to

3 The DiSSI project focuses on non-formal learning as it provides the researchers with greater
flexibility to design and test teaching strategies for diverse students. The OECD (2012) situates
the non-formal sector between fully structured formal learning and a ‘never organised’
informal. The non-formal sector generally differs from the informal as it may be organised and
structured. However, it has a ‘voluntary’ aspect that is not usually considered as part of formal
education. (Garner et al. (2014) note that partial overlaps in these sectors seem unavoidable,
given the difficulties in providing a sharp distinction between them. Thus, instead of seeking
such distinctions, we prefer to emphasise the learning continuum that these sectors span. Our
non-formal interventions do incorporate formal elements, such as the interventions taking place
in a school lab with the teacher being present at all times, as well as many informal learning
opportunities that context-based, collaborative hands-on activities present.
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examine the effect of these workshops on the interest as well as the science-relat-
ed aspirations of the students.

Theoretical Framework: Intersectionality, Science Iden-
tity, and Science Capital

The DiSSI project is specifically oriented towards building a pedagogi-
cal repertoire for science education challenges in contemporary societies that are
marked by various forms of diversity as a result of globalisation and interna-
tional immigration. The social and political consequences of these developments
for science education have been theorised in various ways and from various per-
spectives (Carter et al., 2017; Marosi et al., 2021). In our study, we have focused on
three conceptual pathways that are interlinked via a common theme of diversity to
guide our research and analysis. These are the frameworks of intersectionality,
science identity, and science capital.

Intersectionality

To conceptualise the holistic approach to diversity that DiSSI empha-
sises, we have adopted intersectionality as a theoretical lens. The concept of inter-
sectionality was first introduced by Kimberlé Crenshaw in her study of the dis-
crimination experienced by black working-class women in the US legal system
(Crenshaw, 1989). According to Crenshaw, identity politics that solely focuses
on race or gender for achieving political equality misses the ways different forms
of identities may intersect and become a source of oppression. Thus, for Crenshaw,
adopting a single categorical lens when analysing discrimination and oppression
would marginalise those people who possess more than one category of identity
and would thus make claims that do not stem from singular identity categories
unintelligible. Here, the analytical work to be conducted is to examine how the
many dimensions of identity shape the experiences of discriminated individuals.
This framework is readily applicable to a science education context. Adopting an
intersectionality lens, we may expect, for example, a non-white female student
and a white female student to experience different forms of discrimination. How-
ever, a problem seems to appear at this juncture: if intersectionality implies
that each individual is uniquely positioned vis-a-vis the discriminatory prac-
tices that lead to inequalities, how could it be possible to develop pedagogical
strategies that are context-unspecific and hence could counter these practices
for everyone. There are two specific constructs we found helpful in this context:
the constructs of science identity and science capital. Both these constructs put
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emphasis on the agency of the individual and facilitate the generation of prac-
tices that enable the students to assert their autonomy. As we argue below, a
pedagogical practice that puts science identity at the centre and aims at aug-
menting the science capital of the students can both incorporate intersectionality
and overcome the challenges it poses for science education.

Science Identity

Science identity has been discussed by numerous authors since the early
2000s.* There are several key reasons why science identity is important to con-
sider when working with students who are socio-economically marginalised. It
has been well established that most post-primary students associate the scientist
with a white male figure in a lab coat (Chambers, 1983; Ferguson & Lezotte,
2020). Thus, pedagogical interventions that aim to include students cannot be suc-
cessful by merely generating means of transferring scientific information in more ac-
cessible ways unless the students recognise that their own competencies, personal
histories, perspectives, or interests are represented in science. A science identity
lens can help us achieve this goal, as taking the science identity of the students
into account would enable the researchers to recognise and incorporate into
their practice the individual students’ science representations.

In an influential article, Heidi B. Carlone and Angela Johnson studied
the science experiences of women of colour and proposed science identity as an
explanatory lens to understand how scientists from marginalised backgrounds
‘experience, negotiate and persist in science’ (Carlone & Johnson, 2007, p. 1188).
They found science identity to be a key construct that can account for individ-
ual agency in its relationship with the existing societal structures and modelled
it in terms of three components: competence, performance, and recognition. This
conceptualisation is based on a ‘prototype’ person with a strong science identity.
As the authors argue, such a person would have a certain level of competency
in science topics, possess the necessary skills to perform this competency, and
finally be recognised, as well as recognise herself, as a ‘science person. A key
finding of Carlone and Johnson is that recognition of oneself as a science per-
son critically depends on how one is perceived by meaningful others (established
scientists or members of one’s own community), and in the case of negative rec-
ognition, a student may re-negotiate their science identity through strategies
such as re-defining the very meaning of ‘science’. Thus, one possible pedagogi-
cal approach that could be utilised when working with minoritised students is

4 For a general introduction to recent work on science identity, see the edited volume by
Holmegaard and Archer (2023).
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pluralism: there can be more than one definition of science, or what it means
to be a scientist, and various different kinds of activities can be considered as
‘scientific’ depending on the context. On the basis of this observation, we have
included a plurality of topics and pedagogical approaches in our workshops.

In a recent conceptual paper, Lucy Avraamidou points out that inter-
sectionality is a ‘useful conceptual framework and methodological tool for ex-
amining the relationality and multiplicity of science identity’ that has political
implications (2020, p. 328, added emphasis). These implications are especially
concerned with ‘the purpose of addressing inequalities and promoting goals relat-
ed to equity and social justice’ (Avraamidou, 2020, p. 331). In line with Avraami-
dou’s approach, we situate science identity within an intersectionality framework,
which makes explicit how various identities that the students possess interact and
contribute to the multiplicity of their science identity.

Science identity has been studied from various different perspectives,
ranging from quantitative studies that aim at instrument development and
validation (Chen & Wei, 2022) to studies exploring the social justice and eq-
uity angle on this concept, focusing on students from minoritised backgrounds
(Harper & Kayumova, 2023). However, the question of what forms of pedagogi-
cal interventions can be developed that would help students from minoritised
backgrounds to build more robust forms of science identity has been under-
explored. In the design and conduct of our workshops, we were attentive to
enabling the students to recognise their own competencies and capabilities
with which their relational but singular identities equipped them. The inter-
sectionality/science identity lens provided a solid theoretical grounding for our
work and enabled us to explore the socio-political dimension of working with
students from marginalised backgrounds. Nonetheless, as our guiding aim has
been to explore pedagogical strategies for practitioners, a more tangible theo-
retical framework is required to measure and analyse the effects of the interven-
tions. The science capital framework developed by Louise Archer and colleagues
provides a suitable setting for this, which allowed us to ask what forms of inter-
ventions can augment the science capital of students from diverse backgrounds
(Archer et al., 2015; DeWitt et al., 2016; Calabrese Barton et al., 2021).

Science Capital

The science capital framework is built on Pierre Bourdieu’s sociologi-
cal theory, which extends the concept of economic capital to social and cultural
spheres. Bourdieu introduced the concept of culture to explain how educa-
tion contributed to the reproduction of social inequalities by ‘legitimating class

111



112

NON-FORMAL SCIENCE EDUCATION: MOVING TOWARDS MORE INCLUSIVE PEDAGOGIES FOR ...

differences’ (Bourdieu & Passeron, 1990, p. 164). More generally, according to
Bourdieu, explaining the hierarchical structure of power relations in society and
how this structure reproduces itself from one generation to the next requires tak-
ing into account the dynamics of social and cultural capital (such as how these are
transmitted in the family, or through educational institutions). Following this
conception, Archer and her colleagues proposed the concept of science capital,
understood as the science-related forms of social and cultural capital, as a useful
and measurable construct to analyse the issue of unequal patterns in the par-
ticipation rates in science education, especially of students from underrepresented
groups. As an explanatory framework, science capital sheds new light on these
‘uneven patterns in science participation’ and thus constitutes a possible basis
for intervention (Archer et al., 2015, p. 923).

The concept of science identity can be suitably placed within a Bourdieu-
sian concept of habitus (DeWitt & Archer, 2015, p. 157). As Bourdieu character-
ises it, habitus is ‘spontaneity without consciousness?: it is the subjects’ ability
to navigate the world without the necessity of consciously following explicit rules
in each step (Bourdieu, 1990, p. 56). Thus conceived, habitus comprises ‘systems
of durable, transposable dispositions [...] predisposed to function as [...] principles
which generate and organize practices and representations. (Bourdieu, 1990, p. 53).
These are the practices and representations one ‘internalises’ through familial and
other social interactions and readily deploys in social settings. Thus, one sees that
the components of the science identity model that Carlone and Johnson propose
(2007) can be seen as science-related conceptualisations of habitus:

For example, a scientist presenting her work at a conference must use
language according to prescribed norms, dress and interact in certain ways, and
demonstrate that she thinks in certain ways for others to recognise her performance
as appropriately ‘science-like’ if she wants to be considered a scientist (p. 1190).

A person with a strong science identity would exhibit a scientific habitus
that would enable her to navigate seamlessly the scientific field. Thus, in planning
interventions aiming to augment the science capital of students’ one should be
aware of this ‘unconscious spontaneity’ and incorporate it into the design of the
intervention elements that would enable the students to equip themselves with
tools that would make them ‘feel at home’ in the scientific field.

The Irish Context and the Research Setting
In Ireland, post-primary education is divided into the junior (age 12-15/16)

and the senior (15/16-18) cycles. It should also be noted that science is not
compulsory in Irish schools at the post-primary level. Schools with a higher
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provision of students from marginalised backgrounds are less likely to make
junior cycle science compulsory for students, leading to lower numbers of these
students taking science. Students who study science in the junior cycle study
general science (physics, chemistry and biology) with a nature of science strand.
Albeit short, this strand includes key topics such as scientific method, science in
society, and science communication.

The Pobal HP Deprivation Index,® which provides a measure of the affluence
or disadvantage of a particular geographical area in Ireland, was utilised to lo-
cate the schools in Limerick which serve areas that are socio-economically most
disadvantaged (Haase & Pratschke, 2017). Additionally, this index was cross-
matched with the register of ‘Delivering Equality of Opportunity in Schools
(DEIS)’® A study by Smyth et al. (2015) noted that ‘Schools classified as DEIS have a much
higher concentration of disadvantage than other schools and also cater for more com-
plex needs, with a greater prevalence of students from Traveller backgrounds, non-English
speaking students, and students with special educational needs’ ( p. vii). Limerick, where
this study is conducted, has the highest relative deprivation score in the country,
indicating that communities in Limerick are among the most disadvantaged.
Thus, when we consider Limerick through the lens of the Pobal social depriva-
tion index, we observe that the city has areas with high lone-parent ratios and
low third-level education, income, and class. These are merely indicators, but they
point to significantly at-risk populations.

In our pilot study, we conducted six workshops over the course of eight weeks
at an all-girls school in Limerick, Ireland. Located in an urban setting, the school
caters to mostly students from socio-economic backgrounds. The school has a
sizeable population of students from immigrant communities, as well as stu-
dents with Irish Traveller heritage. Irish Travellers, or the Mincéiri, is an ethno-
cultural group in Ireland that is recognised as an ethnic minority (Haynes et al.,
2021).

5 POBALisan Irish government organisation that is responsible for the management and support
services of 38 programmes in the areas of Social Inclusion and Equality. (‘Pobal’ is an Irish word
meaning ‘community’ or ‘people’) The index utilises information from the Irish census, such as
‘employment, age, educational attainment’ https://www.pobal.ie/

6 InIreland, certain schools serving disadvantaged populations are supported through the
Delivering Equality of Opportunity in Schools (DEIS) programme that was introduced in
2006, which identified schools based on school principal reports of the profile of their student
population. Information from large-scale surveys, such as the Growing Up in Ireland study,
‘confirms that DEIS schools differ markedly from non-DEIS schools in terms of the social class
background, parental education, household income and family structures of their students’
(Smyth et. al., 2015, vii).
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Literature on Diversity and Students from Traditionally
Excluded Backgrounds

The influence of socioeconomic status on the declining rates of science
participation has been established by several studies (Gorard & See, 2009;
Cooper et al., 2020). In a recent paper that draws on data from 4300 students,
Cooper and Berry (2020) use the science capital construct and explicitly link
socioeconomic status with a strong science identity. There are studies that either
explicitly or implicitly assume an intersectionality lens and study how students
from marginalised backgrounds develop or negotiate their science identities. These
include both survey-type quantitative approaches (Keller et al., 2023) as well as
qualitative studies based on ethnographical methods and/or in-depth interviews
(Barton & Tan, 2018).

In a paper that builds on these studies, Kayumova and Dou (2022) raised a
critical concern in working with students from marginalised backgrounds. For
these authors, simply aiming at increasing the science capital of the students or
attempting to strengthen their science identities would imply an implicit legiti-
misation of the dominant ontologies that are part of the very social structure
that marginalises these students in the first place. As the authors write:

If science spaces continue to operate through dominant cultural norms
and values, merely providing access to materials or opportunities to par-
ticipate in science will not make the kind of changes we seek... From this
perspective, the design of learning ecologies must create conditions of pos-
sibility that center on identities, community histories, relations, and experi-
ences of racialized youth from nondominant communities rather than erase
them (p. 1113, added emphasis).

What these authors point out is that without recognising the perspective
of the marginalised communities that a social justice-oriented science educa-
tion research aims to reach, we would be ‘normalize[ing] deficits and educa-
tional hierarchies’ (Kayumova & Dou, 2022, p. 1098).

These considerations are directly relevant to the research context that
this paper presents. A study by McCoy and colleagues (2022) notes that un-
conscious bias can give rise to issues such as mothers perceiving boys abili-
ties to be higher than those of girls. This finding was also true for teachers. A
similar study indicated that parental expectations for young people with special
education needs are much lower than those of the young people themselves
(Mihut et al.,, 2022). Thus, parental expectations and engagement can have a
significant effect on students’ academic outcomes. In the context of students
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from low socio-economic backgrounds, low parental expectations and domi-
nant cultural norms with which the school science operates may be related.
We acknowledge the possible tension between our research aim of generating
best practices that augment the science capital of students and the critical per-
spective we raise here on science capital, following Kayumova and Dou (2022).
Nevertheless, it should be emphasised that despite its potential pitfalls, the sci-
ence capital framework constitutes a valuable tool worth exploring further in
the context of social disadvantage.

We pursued the following set of guiding principles in our quest to create
pedagogies that target the science capital of the pupils. First, we examined the
four general principles of the science capital teaching approach and generated
pedagogical strategies to implement them (Godec et al., 2017). These principles
include broadening what counts, personalising and localising, eliciting, valuing,
and linking, and building the science capital dimensions. Broadening what counts
involves ‘creating spaces where all students feel able to offer contributions from
their own experiences, interests and identities, knowing that they will be valued’
(Godec et al. 2017 p.19). As a concrete broadening strategy, we employed the
Family Resemblance Approach (FRA) for the nature of science (NOS) (Dagher
& Erduran, 2016). The FRA approach incorporates three layers to conceptualise
NOS. At the core, epistemological aims exist, social and professional aspects ex-
ist, and finally, the politics of science exists. Incorporating the FRA model, we
broadened the pedagogical basis and the epistemic content of the activities that
we could conduct with the students, such as a debate on the ethics of science, a
discussion on space travel, or histories of science that are not usually included in
the curriculum. Hence, NOS considerations can make science learning appealing
to diverse learners. Following the principle of localising, which aims to contextu-
alise science in ways that relate it to the students’ lives, we have sought ways to
make our activities open-ended and moderately to minimally structured so that
the activities can be amenable to the students’ perspectives. Thus, all the activities
were designed in a context-based way that incorporates science, society, and tech-
nology themes. As has been emphasised in the literature, building a community
of learning is key to creating a space of trust with students from diverse back-
grounds (Gay, 2002b; Considine et al., 2017). Thus, we also incorporated elements
of group work and peer review so that the students could interact with their peers
in a non-competitive manner towards building trust. Finally, based on the evi-
dence showing the positive effects of inquiry-based learning for socioeconomi-
cally disadvantaged youth, we incorporated elements of inquiry-based learning
that do not presuppose any prior knowledge (Creghan et al., 2015; Cuevas et al.,
2005; McManus et al., 2015; Summerlee, 2018.)
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Research questions

Our project hypothesises that appropriate pedagogical approaches,
grounded in theory, can augment the science capital of students from low socio-
economic backgrounds. This augmentation can occur by enabling the students
to perform a positive science identity, meaning to see themselves (and to be rec-
ognised by others as being) science people, as well as developing self-efficacy
by becoming more confident in their abilities (Avraamidou, 2020). Building on
these conceptual characterisations of several key constructs in science education
research on students from traditionally excluded backgrounds, we aimed to un-
derstand what kinds of non-formal interventions are best suited for these students.
To this end, our main research questions are:

A. What are the impacts of the interventions on participants (both the stu-
dents and the teachers)?
B. What kinds of new practices (or variations on the existing ones) can one

introduce to best target the science capital of students during non-formal
and informal pedagogical activities? In particular, does the specific com-
bination of the pedagogical approaches utilised in the programme prop-
erly target students’” science capital?

Method

This study employed a mixed methods approach. The rationale for this
was to ensure that the study took a holistic perspective, enabling the construc-
tion of a broad, generalisable picture (Borg & Gall, 1983, p. 27) through quanti-
tative measures while also fostering a deeper richness of data through qualita-
tive methods. It has often been acknowledged that research studies must be
‘governed by the notion of fitness for purpose’ (Cohen et al., 2007, p.78). There-
fore, when choosing a methodological approach, the aims of the study and the
research questions were key considerations. This aided in focusing on the study
and acknowledging the complexity of the research environment in which it
was situated. The study identified that dimensions of diversity were typically
treated in the singular throughout the literature and sought to draw from the
theoretical underpinnings of intersectionality to explore and understand bet-
ter the lived experiences of teachers and students across varied dimensions of
diversity. To better understand this, both quantitative and qualitative methods
were utilised, as a mixed-methods approach served the requirements of the
study most effectively.
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Participants

Once we had reviewed the Pobal HP Index and the DEIS school data-
base, we concluded that there were four urban schools in the locale to which we
should offer the programme. We contacted teachers in these schools, and one
school was particularly interested in participating. It was a DEIS status single-
sex female intake post-primary school in an urban setting. This urban school
caters mostly to students from low socio-economic backgrounds, and it has a
sizeable population of students from immigrant communities, as well as stu-
dents with Irish Traveller heritage.

This pilot was implemented with one first-year class (ages 12-13) of fe-
male students. The class size is 21, but with regular absenteeism, we have data
from a lesser number of students (ranging from 13 to 18 in different workshops)
and the class teacher who was present in every session. The research data col-
lected with this group consists of 1) exit cards collected after each intervention/
workshop, 2) a pre- & post-test DiSSI Instrument administered at the begin-
ning and the end of the intervention series, and 3) a teacher interview. All sur-
vey data is treated anonymously.

Instruments

For quantitative analysis, we employed a Likert-style questionnaire spe-
cifically developed by the DiSSI project. Qualitative data collected consists of
1) exit cards collected after each intervention/workshop and 2) teacher inter-
views. The initial plan with the study was to administer a pre- & post-test after
every workshop to align with the evaluation of our project partners in Ger-
many, Scotland, Slovenia, and North Macedonia. However, after the first test
was issued, the research team realised that the literacy issues in the class were
more extreme than we had originally anticipated, and certain scales (motivation
in particular) were challenging for students to interpret, and they required a
great deal of aid from the instructing researcher, teacher, and classroom assis-
tants. This led to a reconsideration and revision of the approach, and the team
decided to incorporate exit cards into the evaluation portfolio. The pre- & post-
tests were utilised at the beginning of the set of the six-workshop programme
and again at the end of the programme, rather than after each workshop. As
mentioned, a limitation of these surveys is the challenges they posed for the
group: the interpretation of questions required support from the researcher,
teacher, and classroom assistants, and one child participating was illiterate. This

7 See Table 1 for the number of students that attended each workshop.
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explains, in part, the limited sample size from the class of 21 students. In addi-
tion, the research team acknowledged that certain elements of the survey could
not be clearly interpreted (e.g. motivation) as the length of the statements was
too long and complex for the students. To obtain quick and unobtrusive data at
the end of each workshop, exit cards were utilised (sometimes referred to as exit
tickets) post-workshop. Exit cards are short surveys specifically designed to be
easy to comprehend and answer in that those using them have flexibility in how
they answer elements of the exit card; they can write or draw. Emanating from
educational settings, they are an instrument with which students are familiar.
Given this, they are optimised for efficiently attaining the student voice in an
anonymous manner (Fowler et al., 2019).

The DiSSI pre- & post-test is an instrument that was developed by the
DiSSI project team and included items chosen from the following Likert scales:

1. Interest in the subject (OECD/PISA, 2009). (DiSSI Instrument Items
(1-5).

2. Career aspirations in science (Kier et al., 2014). (DiSSI Instrument
(6-12).

3. Self-concept towards science (OECD/PISA, 2009). (DiSSI Instrument
(13-18).

4. Motivation (Ryan & Deci, 2000). (DiSSI Instrument (19-28).
5. Situational interest (Chen et al., 2001). (DiSSI Instrument (29-37).

The pre-test included the items (1-28)] The post-test included all the
items from the pre-test, in addition to items (29-37) that aim to measure the
situational interest at the end of the six-set workshop programme. While there
were significant issues among the students in comprehending the pre-test (as
noted above), the items in ‘Interest for the subject’ (OCED/PISA, 2009) and
‘Motivation’ (Ryan & Deci, 2000) were particularly problematic due to the
longer sentence structure; as such, the research team had to develop additional
supports for the students in order to enable them to access and respond to the
survey instrument more fully in the post-test.®

The use of exit cards as an evaluation tool for an earlier version of one of
the DiSSI workshops (Medicine Maker) is described in (McHugh et al., 2022).
However, these were further amended after a ‘knowledge sharing meeting’ was
held with the DiSSI Scottish team. The exit card starts with a core question that
can be adapted to each individual workshop. To support literacy issues and
ensure student voices were heard, we included a section where the students are

8  The data for ‘Interest for the subject’ and ‘Motivation’ items can be found in the Tables 5 and 6
respectively, in the Appendix.
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allowed to draw as well as write. Two sections asking the ‘best thing’ and the
‘worst thing’ about the activity are included, which encourages the students to
write singular words (as opposed to sentences with which they have difficulty).
The best-worst contrast enables the students to focus on multiple aspects of the
workshops and aims to foster critical thinking.

We also incorporated a science capital measure prompted by the ques-
tion “‘Which of the best describes you?’; however, the researcher observations
indicate that the students’ level of engagement was not nuanced enough to give
us a sensible measurement in the pilot. Exit cards were issued to all students at
the end of each workshop, and they were given time and freedom to complete
(see Figure 1.)

Figure 1
An example of a DiSSI Ireland Exit Card

fter doing the activity, what do you think of when
you hear the word ‘microscope'?

Please draw or write your answer in the box .
Please explain any pictures.
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For the analysis of the exit cards, thematic coding was used (Saldana,
2015). First-cycle coding was undertaken by one of the authors (MM), and a
consensus was achieved in a group discussion among the researchers.

Three semi-structured open-ended teacher interviews were conducted
at the end of the programme (two teacher interviews and one interview with
the Special Educational Needs teacher who supported the teaching). The teach-
er interview questions were developed by the research team with the aim of
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eliciting teachers’ views on the main challenges of teaching at a DEIS school
where the majority of the students come from ‘low’ socio-economic back-
grounds, as well as the teachers’ perspective on the impact of the workshops
both on them and on the students. The guiding questions focused on the im-
pact of the workshops on the teacher’s pedagogical practice and her observa-
tions on the science interests and aspirations of the students. The interviews
were analysed using thematic analysis as this is a flexible method that is deemed
appropriate for a pilot study (Clarke & Braun, 2017).

Research Design

The main methodological approach in the DiSSI project is developing
non-formal sector interventions that support the science education needs of a
diverse student body. To this end, we have focused on pedagogical strategies that
would foster inclusivity. The programme of workshops developed covers a range of
topics across the Junior Cycle (12-15 years) general science curriculum, with varying
lenses leaning towards physics, chemistry and biology content depending on the
workshop and pedagogical approaches that would both link to the curricula for
the course and aid with the overall goals of the DiSSI project. The overall Irish
DiSSI programme is illustrated in Figure 2, with the pilot of the first-year pro-
gramme (circled in red) presented here.®

Figure 2
The DiSSI programme at the University of Limerick (UL)

Access campus: UL *  DiSSl pre- & post-vest
Academy for Children * Exit cards
+  Pupil focus group

TY Warkshops

(Other once off workshops § i Exit cards

*  DisSl pre- & post-rest
|+ Exit cards

' «  Teacher & support staff
interviews

*  Instructor chservations &
TY Crysual clear reflective diary
programme *  Science capital & NoS

oar Survey

2 (@ Irish Science Teachers
Association Conference 1« DisSl post-test |

9 Inthe figure, “TY’ stands for transition year, which is a one-year programme between Junior Cycle
and Senior Cycle. It is an unexamined year without a set curriculum that aims to help students
become independent learners. We conduct several types of workshops and programmes with the
TY year students.

1¥ year programme

DiSSI@UL
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In our pilot study, we conducted six workshops over the course of eight

weeks (accounting for school holidays in between). The workshops were indi-

vidual units and not interdependent, as this school had noted challenges of high

levels of absenteeism. Therefore, the team determined that individual workshops

which could be delivered as standalone units, but also interconnect via their

pedagogical approaches were the most appropriate. The workshops and ele-

ments of the pedagogical approaches embedded in each are outlined in Table

1below.
Table 1
Overview and descriptors of workshops implemented throughout the 8-week
intervention.
Week 1 Week 2 Week 3 Week 4 Week 5 Week 6
Gross . . .
Medicine  Germs & Crystal Eth|cs of NASA Survival  Inventing
Workshop ) Animal on the Moon the
Maker Bizarre Drop L )
- Research Activity Microscope
Bacteria
Context- Open .
Pedagogy based Hand_s—on Ended Na_ture ?f Na_ture of Hls_tory of
: Inquiry . Science Science Science
Inquiry Inquiry
L Argumentation Argumentation/ . .
Delivery Structured Moderately Minimally / Minimally Minimally Minimally
L Structured Structured Structured
Mode Activity Activit Activit Structured Structured Activit
Y Y Activity Activity Y
Epistemic Authentic  Applied Basic EthAIC.S and . Nature of
. . : Politics of Peer Review }
Content Science Science Science . Science
Science
Science Implicit Science Science and Science and Science
Relevance and Nature of and Societ Technolo and Societ
Society Science Technology Y vy Y
Number of
lel::?ae:sts& 1E6><it Cards 7 13 16 :EBXit Cards
. Exit Cards  Exit Cards Exit Cards Exit Cards
evaluation  Pre-test Post-test
methods

*“Nature of science’ is considered both a pedagogical tool and epistemic content during the work-

shops.
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Results
The Research Context

As mentioned above, the team triangulated the data collected to pro-
vide a clearer and more holistic picture of the student experience. The data
were examined through the lenses of the research questions, with additional
foci on science identity and science capital. This will be elaborated upon in the
discussion.

In order to set the context for these results, the following excerpt from
the teacher interview is important. During the interview, we asked the teacher
how she thinks the socio-economic background of the students affects their
performance. In response, she explained:

You have some that are really poor, had a poor background, and they
don’t seem to progress as quickly as the others [...] They just, you’ll have the
11in 10 that will do well, and the school will be trying to support them if there
is something they don’t have or something they need. But some, you just can
never, you can never help them, because the home situation is affecting them
so much. So, for example, they may not have a study place. An area at home to
study that’s safe or that’s noise-free, so the school will try and provide a quiet
place for them to study. Or you might have ... their parents may be in jail. We
would have a lot that are living in a hotel.”

During an exam week, a home-school’ liaison would go to the house of
a student to provide them with a study space outside their home. As the teacher
explained, this person would:

[...] knock on the door trying to get the child out to go and sit their
exam. Because the parents are just, they are not involved; they might be
incapacitated for whatever they've taken or done. Some of the home
situations would be dreadful. And it seems to be, if that’s the situation,
we really struggle to help them, or help them do well. Or we'll get them
so far, and then they’ll go, Nah, I'm gonna drop out of school. We would
have a high number of drop out, we would have a high number of school
refusal [...] So maybe 1 in 10 we manage, with a really poor background
home environment, we manage to save them, I would say.

Here, the class teacher highlights the challenges that both the students
and the school face in terms of the home environment, social surroundings, and

10 After our interview, the teacher explained that the students who live in a hotel are from
families who are experiencing homelessness and are waiting on housing, so they are
temporarily placed in hotels. These families are in a social housing waiting list.
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school setting. The challenges of data collection processes in this research context
of working with low-income students necessitated modifying the initial plan of us-
ing the pre- and post-survey instrument at each intervention. The researchers
decided to enrich their data using exit cards, teacher interviews, and researcher
reflections, given the literacy issues encountered by the students, which made
the project surveys more challenging to administer.

Main Research Outcomes

When discussing the impact of the programme on the students, the class
teacher noted that a particular highlight for her was that the students were men-
tioning the workshops at home. She also noted that this is highly unusual for this
group of students and for the parents, and she believed this to have a particu-
larly positive impact, inferring it was increasing students’ attitudes towards and
interest in science. When asked about the possible impacts the workshops had
on the students, the teacher responded as follows:

So they definitely want you teaching them instead of me [laughter.] [...]

So they definitely have a peak in interest in science. Even the really weak

ones. If they are leaving at the end of the year saying, Jeez, I love that

about science; I think we are winning [...] The fact that they are talking
at home about ‘we did this today in science; and at the parent-teacher
meeting in January, I probably forgot to tell you that, I would have spo-
ken to all the parents and asked, ‘Have they told you that they are doing

a workshop, you know, with a guy from the University of Limerick. And

these are children from very poor backgrounds as well, the parents hav-

ing very little interest. I'd say 90% of them had heard about it. Like that’s
massive. Yeah, like that doesn’t happen. Cuz I might say, ‘Did they tell
you I brought in a set of sheep lungs for science week?” and they go, ‘No,

I've never heard anything about it. That’s really good, the fact that they

are talking about science at home, in the homes of these children are go-

ing to, is massive, cuz it doesn't really happen.

So they are talking about it at home, and 90% of their parents have heard

about the workshop, which is brilliant. So you are winning when they are

doing that. I think they are leaving at the end of this year, and most of
the students, in their heads, really enjoyed science. So then they come in

September with a positive attitude about it.

From this excerpt, we can infer the positive impact of the workshops on
the science capital of the students. This interpretation also agrees with results
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from the exit cards, with one of the themes emerging from the coding being
the ‘affective’ In vivo, codes such as ‘Satisfying’ and ‘Feel like a scientist’ came
through the data.

Another input from the teacher that should be noted is that, for many
students, science is a subject that ‘when they come in in September, they are ex-
cited about ... cuz it’s different, but they think that they are gonna be blowing
things up’ As a result, the students ‘get a bit deflated when it is not all hydro-
gen bombs or things on fire or whatever. When students experience aspects of
school science such as learning theory, their interest levels go down. Nevertheless,
the version of science that the workshops present is different from the ‘school
science’ the students are familiar with, in almost contradictory ways. To give
one example, whereas the school science is presented by the teacher in a more
controlling manner, the workshops gave considerable agency to the students.
The teacher elaborated on this point while also emphasising how being given
autonomy in the school lab improved the practical skills of the students and the
way this contrasts with her way of teaching:

At the end of it all, I think their practical skills were brilliant, like really

good. Because I think in the first year I don’t, maybe I don't give them

enough to do because I am nervous. I won't let them near the Bunsen
burner; I don’t want them to break something; I am giving them the
plastic stuff so that they don’t wreak the place. I definitely think that
their practical skills are massively improved compared to ... the start of

the year. Perhaps better than if I was just teaching them, because you [i.e.,

the researcher instructor] just give it a go and let them at it. Whereas I am

very controlling ... You are better to go, ‘No, no, just let them figure it out’

I probably don’t let them figure out enough ... I need to let them spill it ... I

have gotten more confident in the fact that I can give them something and

they can figure it out. I think their interest in science has gone way up.

Thus, ‘school science’ and ‘workshop science’ are almost contradictory to
each other, and this contrast appears in the data.

The second element of the survey, Career aspirations in science (Kier
et al, 2014), indicated modest increases on both sides of the scale, with slightly
fewer in the ‘Neither agree nor disagree’ category post-test (note that two addi-
tional students were present for the post-test, and one student who was present
during the pre-test was absent for the post-test) (See Table 2).
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Table 2
Results of survey instrument items on ‘career aspirations in science.

Career aspirations in science
(Kier et al., 2014)

Strongly agree
& agree % (n)
Neither agree
nor disagree
% (n)

Strongly
disagree &
disagree % (n)
Strongly agree
& agree % (n)
Neither agree
nor disagree
% (n)

Strongly
disagree &
disagree% (n)

Pre-test, n =16 Post-test, n =18

6. | plan to use science in my

() 0 0 0, 0, 0,
future career. 25% (4) 56%(9) 18%3) 39% (7)) 28%(5) 33% (6)

7. If I do well in science
classes, it will help me in 54% (8)  33%(5) 13% (2) 61% 1)  17% (3) 22% (4)
my future career.

8. My parents | would like it if

| chose a science career. 27%(4) 67%(00) 7% (M) 39% (7)) 39% (7) 22% (4)

9. | am interested in careers

0, 0 0, 0, 0, 0,
that use science. 46% (7)  27%(4)  27%(4) 50%(9) 17% (3) 33% (6)

10. 1 have arole modelina

science career. 3% (5) 3% (5) 38%(6) 22%(4) 17% (3) 61% (11)

1. | would feel comfortable
talking to people who work  75% (12)  25% (4) 0 35% (6) 30% (5) 35% (6)
in science careers.

12. | know of someone in my
family who uses sciencein ~ 37% (6) 19% (3) 44% (7) 50% (9) 6% (1) 44% (8)
their career.

Once again, this data, in isolation, does not give a complete picture;
however, coupled with the teacher interview and exit cards, it aids in building
a broader impression of the impact of the programme. From the survey data, it
appears that student career aspirations have modestly shifted towards the posi-
tive, but also that their understanding of a career in science and of the work of
a scientist has also been enhanced, thus better enabling them to make a shift in
either direction. One item (11) signified a large decline in students’ comfort levels
in speaking with people who work in science careers. This is notable, and as this
is a pilot study, it will be explored further in subsequent student focus groups.
Exit cards revealed a large number of drawings or interpretations of people doing
the activities/experiments that were at the centre of the workshop, in addition to
technical drawings with the correct interpretation, along with new vocabulary
and terminology. This is believed to be important, with the correct use of new
vocabulary and the use of drawing to explain the work, rather than the pressure of
writing about the activities to report them, offering ways for the students to dem-
onstrate their knowledge and understanding outside of traditional formal routes.
The exit cards paint a picture unlike what the research team has previously noted
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with workshops with other groups (McHugh et al., 2022). In previous workshops,
‘relevancy’ as a theme appeared prominently; however, this was not observed in
the pilot group.” It appears that student career aspirations have modestly shifted
towards the positive, but also that their understanding of a career in science and
of the work of a scientist has also been enhanced, thus better enabling them to
make a shift in either direction. ‘Relevancy’ not emerging in this group may be
explained by background and environment: the students do not have the prior
knowledge and experience to make connections between the workshop content
and daily life. In recognition of this, we attempted to lower the barriers between
the students and authentic science content and build exposure.

In this pilot study, a clearer picture of the Nature of Science emerges with
students noting abstract elements such as the history of science, philosophy, mo-
rality, ethics, debate, or novelty. Additionally, the exit card data showed enhanced
scientific language among the students. This is noteworthy, as in one instance at
the beginning of the workshops when the researcher referred to the concept of
‘explanation; a student retorted, saying that she does not understand the meaning
of this term as it is a ‘big word. As a result, a significant portion of the instruc-
tion during the workshops was devoted to discussing the meanings of these ‘big
words’ used in the science content of the workshops or the survey instrument.

Interestingly, and in contradiction to the teacher’s opinion, the students
have a mostly positive self-concept towards science in the pre-test (Table 3). Their
self-concept towards science actually decreased marginally in most instances,
indicating perhaps that they were either more challenged by the workshops or
found them more difficult than their typical school science class.

The teacher also acknowledged that the pedagogical approaches were
important for the students. In particular, concerning one student, she reported
the following:

There was another one that I said to you, an L2LP [Level 2 Learning Pro-

gramme] student. A Traveller background. So is sitting, no exams. Actu-

ally, I can’t read and write, and I was super excited about some of those
practicals if you remember. Do you remember the person I am talking
about? [...] Yeah, she was mad keen to get going and came up to the top
bench, if you remember. And actually concentrated for 8o minutes and

did that activity. And I said, T am blown away with this because this one

breaks my heart’ Not that she is terribly bold, but she is just not able to

access whatever we are doing.

11 By ‘relevancy, we mean students making the connections between what they were studying and
things that were personally relevant or noting the relevance of the work by linking it to the news
or to their parent’s jobs.
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For this student, accessing traditional lessons in any form was particu-
larly challenging. However, during the DiSSI programme, the student was very
engaged, yet her voice was not represented in the pre-post-test due to her literacy

issues.

Table 3

Results of survey instrument items on ‘self-concept towards science.

Self-concept
towards
science
(OECD/PISA,
2009)

Strongly
Neither disagree
agree & agree nor &
agree % disagree  disagree
(n) % (n) % (n)

Strongly

Strongly
agree &

agree % (n)

Neither
agree nor
disagree

% (n)

Strongly
disagree
& disagree
% (n)

Pre-test, n =16

Post-test, n =18

13. Learning
advanced
science
topics
would be
easy for
me.

44% (7) 25% (4) 31%(5)

35% (6)

24% (4)

4% (7)

14. 1can
usually
give good
answers
to test
questions
on science
topics.

57% (8) 7% (1) 36% (5)

33% (6)

33% (6)

33% (6)

15. Ilearn
science
topics
quickly.

56%(9) 25% (4) 19% (3)

50% (9)

17% (3)

33% (6)

16. Science
topics are
easy for
me.

31%(5) 44% (7) 25% (4)

33% (6)

28% (5)

39% (7)

17. When |
am being
taught
science,
| can
understand
the
concepts
very well.

56%(9) 38% (6) 6% (1)

39% (7)

33% (6)

28 % (5)

18. | can easily
understand
new ideas
in science.

56% (9) 31% (5) 13% (2)

39% (7)

28% (5)

33% (6)
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The teacher went further, acknowledging the student, noting that it was

‘actually fun’ Thus, a student who comes from a marginalised ethnic group and

who ‘can’t read and write’ was able to express her interest in hands-on non-

formal science activity:

So I think that was a huge positive cuz it is very hard to engage an L2LP
learner within a group of 23 that aren’t. [...] And I asked her afterwards,
like I said, ‘God, you worked brilliantly the other day’ [here the teacher imi-
tates the student’s answer] ‘Yeah, that’s cuz it is actually fun’[...] Ithink
that’s massive, that student does not partake at alland isn’t able to partake.
Can't follow written instructions, so the fact that she was doing it with
her hands-active learning and doing her own thing, and she was mad to
get going, mad to do it, that was huge.

Table 4
Results of survey instrument items on ‘situational interest.

Strongly agree & Neither agree nor  Strongly disagree &

Situational interest (Chen et agree % (n) disagree % (n) disagree % (n)
al., 2007)
Post-test, n =18
P s v terestng. 89609 6% () @
30. Dealing with the subject
matter was challenging 39% (7) 28% (5) 33% (6)
today.
31. | was focused on this lesson. 78%(14) 1% (2) M% (2)
32. Itsgjaiyed science lessons 78%(14) 59% (1) 17% 3
335 Ivoedlaeﬁr'n‘égdiirzfsgsd well what 61%(11) 28% (5) 1% (2)
34. Today’s class was fun for me. 78 % (14) 1% (2) M% (2)
35. There was a lot going on at o o o
today’s class, it was varied. 72% (13) 22% (4) 6% (M
36. | was attentive in today’s
class, from the beginning to 78% (14) 1% (2) 1% (2)
the end.
37. Today’s material in the
class attracted me, so | 72% (13) 1% (2) 17% (3)
participated.
38. | want to delve into the

details of the material we 78% (13) 1% (2) N% (2)
discussed in today’s class.

This interpretation of the teacher is bolstered by the exit card survey,

as codes such as ‘fun’ | hands-on’ and ‘group work’ appeared, which evidences the



C-E-P-S Journal | Vol.14 | N°1 | Year 2024

students being able to engage with the content without having to be solely reliant
on written instructions. This appears to have led to a more emotional/affective en-
gagement with the content in some instances. Further, terms associated with the
practice of being a scientist, such as teamwork and group work, measuring, handling
equipment, and experimental tasks (mixing, making, observing, planning, or pour-
ing), regularly appeared. The opportunity to draw their answers was heavily utilised
by the students, and the theme of ‘abstract drawing’ emerged alongside ‘technical
and labelled drawing’

When we consider this data along with the teacher interview, which, as
noted previously, highlighted the autonomy an illiterate student gained with the
DiSSI approaches and the data from the exit cards, a more nuanced impression
emerges. As already noted, the affective domain comes through with students
noting feelings of satisfaction, success, winning, fun, and enjoyment. These give
a strong impression of motivating factors. The data on motivation from the sur-
vey instrument is not presented here (see Appendix) as the students struggled
with the item statements in the pre-test, and as such, changes were made in the
supports students were given with the instrument in the post-test and in the
subsequent main study beyond this pilot.

Finally, situational interest was only examined in the post-test (Table 4),
and this was found to be high, which aligns with the teacher’s impression and
other data from the exit cards. More specifically, items 29, 37 and 38 had a high-
ly positive response, indicating that the students’ interest in the material was
linked to their engagement in the class.

Discussion

A. What are the impacts of the interventions on participants (both the stu-
dents and the teachers)?

B. What kinds of new practices (or variations on the existing ones) can one

introduce to best target the science capital of students during non-formal
and informal pedagogical activities?

Research Question A in Section 2.5 explored: ‘What are the impacts of the
interventions on participants (both the students and the teachers)?” The results
give a broad sense that the overall impacts of the programme have been posi-
tive for participants. The overarching goal of this programme was to determine

12 With ‘abstract drawing, we mean any drawing that goes beyond a direct representation of
the activity. The drawing presents an idea that the students relate to the activity in an abstract
manner and thus shows that the hands-on practical work can be theoretically contextualised by
the students.
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whether DiSSI-informed pedagogical approaches could work in situations where
multiple dimensions of diversity were present. This was true for the context of
this study, with issues ranging from socio-economic deprivation to language
and literacy issues to cultural and ethnic dimensions. Thus, there was a complex
interplay of diversity, yet approaches such as inquiry-based science education,
elements of argumentation, Nature of Science focus, and authentic, real-life con-
textualisation all aided in raising situational interest and elements of the students’
science capital and science identity. As discussed in earlier sections of this paper,
both science identity and science capital are multi-faceted in and of themselves
(Barton etal., 2013; DeWitt et al., 2016; Avraamidou, 2020). Thisleads to research
Question B, which asked: “What kinds of new practices (or variations on the ex-
isting ones) can one introduce to best target the science capital of students dur-
ing non-formal and informal pedagogical activities?’

As acknowledged above, the interplay of pedagogical approaches utilised
in this study aided in targeting elements of science capital during non-formal
activities. No one pedagogical approach was utilised over another, drawing
from appropriate elements of those discussed earlier depending on the topic
being taught and the objectives and outcomes for the topic. It is worth noting
that the pre-and post-survey results noted only modest increases in career aspi-
ration but strong situational interest. Furthermore, there was a modest decrease in
self-concept towards science between the pre-and post-survey, which must be
acknowledged. The teacher interview indicates that the pedagogies employed
in the DiSSI programme were outside the typical ‘norms’ for their classroom,
as they offered the students more autonomy, a greater voice in discussing and
debating the work, and more ‘hands-on’ practical experience with experimental
work. This may have been challenging for students, as they may find this ‘non-
normal’ to be an unfamiliar form of science learning. The challenges of hands-
on inquiry-based approaches have been well noted in the literature, in line with
our findings (Sharpe & Abrahams, 2020; Snétinovd, 2018; Zhang, 2016). We
hypothesise that the further these pedagogical approaches became normalised
for the pupils, the more increases in ‘self-concept’ would be observed, as the
data from the teacher interview and the exit cards highlight greater levels of
empowerment. The data demonstrate that this was a novel exercise for many of
the students since some of them felt like scientists for what was seemingly the first
time. The authors believe that this potentially resulted in the slight lowering of
‘self-concept towards science. School science and non-formal science are seen
as different, and this idea is manifested in the teacher interview on multiple oc-
casions. The freedom that the students were given during this programme was
new for students and classroom teachers alike. It was challenging and outside the
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typical comfort zone for both, yet both teachers and students indicated that they
had experienced a shift and appreciated the approaches within the programme.
The active learning and experimental tasks were the drivers of unique forays into
the world of science. Mentions of hands-on activities were commonplace, along
with references to the affective domain (evidence of emotional engagement). Again,
this is in the context of the dominant cultural, community, and societal norms
under which the school operates (Kenny et al., 2020; Smyth, 2020). Therefore,
the richer data from the teacher interviews and exit cards aid us in concluding
that the pedagogical approaches and overall impact of this study have aided in
breaking down barriers to science (cf. DeWitt et al. 2016; Godec et al. 2017).

This has manifested in a number of ways. The six workshops formed a
continuum, and while diverse in their design and approach, they are grounded
in the key concept of an ‘ask. Students are asked to perform an activity with
varying levels of support depending on their progress. In this way, adaptability
to the complex social tapestry of the classroom was embedded into the overall
programme, with student autonomy being central.

Unique to the data was the lack of references to their personal lives or other
areas of science. The students lacked the ability to connect the workshops to their
own world or school science class. The intervention was a brand-new explora-
tion of science. The data suggests that interventions gave them their first mean-
ingful opportunity to connect school science with authentic, context-based
science and expanded their scientific language. Students referred to all the new
information they had learned, utilised new terminology and vocabulary, made
technical labelled drawings of their workshop, noted the ethical and philosophi-
cal challenges they encountered and finally made unique and abstract drawings of
scientific phenomena. The embedded content within workshops around the Na-
ture of Science came to fruition and targeted the students’ science identity, with
some noting that they enjoyed seeing the results or something actually work-
ing. The class teacher referred to the student’s parents as having an awareness of
the eight-week programme while not knowing about other elements of science
from the school. In her eyes, this was impactful, and we would argue that the
students saw the science within the programme as belonging to them, something
personal and larger than what they may see in more conventional formal school
science classes.

We consider the three main outcomes of this pilot study to be as follows.
First, we observed that hands-on, context-based science workshops helped the
students to access technical language and language to represent authentic sci-
ence behaviour (such as ‘design’ or ‘planning’) When working with students with
low socio-economic backgrounds, this is crucial as this may contribute to remove
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some of the ‘gatekeeping’ barriers posed by scientific terminology, and scientific
language in general, and build a foundation for access.

Second, we have observed an increase (albeit modest) in career aspira-
tions. The survey instrument revealed that at the end of the workshops, the stu-
dents developed a better understanding of what it meant to be a scientist. Finally,
we have observed high levels of situational interest, which is revealed in the survey
results, as well as the teacher’s testimony and the researcher’s observations. Accord-
ing to the teacher, when she conducted experiments with them, the group of stu-
dents who attended the workshops ‘were able to go off and get it done themselves.
This confirms the value of conducting non-formal work in a school setting that
raises situational interest, as this gives the students the opportunity to ‘improve
their practical skills] as the teacher put it in the interview.

The authors are keen to reiterate the challenging environment that the
students, parents, school, and community are situated in. As stated earlier in this
paper, inequality is complex, multifaceted, and somewhat messy. This was reflect-
ed in practice in the non-formal environment in which we worked. There were
serious barriers to engagement, literacy not the least, and this eight-week pro-
gramme is not a panacea to all the issues that have been discussed in the earlier
part of this paper. However, we do see indicators that are important, particularly
those that ultimately break down the barriers that are set up around science and
scientific work and those that aid in building science capital and identity. This
type of work, which is responsive to students and teachers on a weekly cyclical
basis through forming a partnership, has a place in breaking down barriers and
building up diversity in science going forward.

Conclusions

The current societal realities of global immigration and climate change
imply that diversity, equality, and inclusion will continue to be one of the key
issues in science education. As noted above, there are many forms of diversity,
including gender, socio-economic background, ethnicity, linguistic, or culture.
However, these rarely exist in isolation, as intersectionality theorists remind
us, and they combine in ways that may lead to forms of oppression that remain
invisible for the most part. A science education pedagogy that is sensitive to
challenges that stem from diversity must consider intersectionality. In this pa-
per, we have presented a pilot study, which examined how engaging in a set of
context-based authentic science workshops in a non-formal setting influences
students’ self-concept towards science, situational interest, and some elements
of their science capital. As detailed in the paper, we argued that the concept
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of intersectionality can provide a robust foundation for interventions aiming
to target the science identity and the science capital of the students. In our pi-
lot study, we worked with students attending an urban post-primary school in
Ireland. Most students in our study come from families with a low socio-eco-
nomic background, many of whom have an immigrant or refugee status, with a
language other than the language of instruction (i.e., English) being spoken at
home. Thus, multiple forms of diversity exist among students, some of which
pose challenges that need to be addressed.

The most important aspects of our findings can be summarised as fol-
lows: Based on the survey instrument data, we have seen that the situational
interest of the students has clearly improved, yet we did not see any significant
change in their overall interest in science and career aspirations; and a marginal
drop in self-concept towards science has been observed. However, one should
note that due to their particular socio-economic backgrounds, many students
have literacy issues with minimal parental support; in other words, this is a
group with very low science capital. As a result, the survey instrument with its
formal register proved to be challenging for the students, and we found it of
essential value to complement it with observational and interview data. Indeed,
the survey data, coupled with the teacher interview, exit cards, and researcher
observations, led to a more nuanced picture. We have seen that the students
distinguished between school science and the hands-on practice-based ‘work-
shop science’ The exit cards, which are completed at the end of each activity,
show a more positive picture of engagement in that students appreciated the
context-based science activities and their science identities were well-targeted
in the workshops. Literacy issues mentioned in the teacher interview are also
attested by the researcher in their interactions with the students, resulting in a
certain unwillingness in students to express themselves in writing or engaging
with the survey instrument. Paradoxically enough, this is a group that needs
intervention the most and thus, accurate measurement is essential for pro-
gress. Thus, when working with student groups whose identities are marked
by intersectionality, which results in marginalisation, it is crucial to multiply
modes of measurement by employing a mixed-methods approach. The prob-
lem of linking formal and non-formal learning in science education has been
acknowledged in the literature (Hofstein & Rosenfeld, 1996; Rennie, 2007; Gar-
ner et al., 2014). Our findings indicate that specific challenges exist in bridging
the gap between school science and non-formal context-based activities that
aim to make the former accessible for students with low socio-economic and
immigrant backgrounds. In particular, we note that engaging in non-formal

hands-on activities does not automatically imply an increase in science interest
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and self-conception of science, as the students may compartmentalise school
science and non-formal science. Future studies should examine what types of
interventions may be effectively implemented in this context to enable students
to form a more unified conception. The findings also indicate that considera-
tions in the nature of science constitute a valuable resource for relating sci-
ence to the real-life experiences of students. Further research should examine
in more detail whether and to what extent the nature of science considerations
can be useful in augmenting the science capital and science interest of students
from diverse backgrounds.

There are several limitations of our study. As this is a pilot study, our
statistical sample is not very large, and thus, our inferences must be interpreted
with caution. We also need to acknowledge the literacy issues that were ob-
served in the group as a limitation that may have affected the measurements.
We began our study with the expectation of decreased levels of literacy; howev-
er, this factor has been compounded by the Covid-19 pandemic. As the teacher
also attested, the pre-Covid and post-Covid disadvantages are different, given
that with this group of students, the resources of the parents are limited. This
limitation was addressed by taking a mixed-methods approach, combining sev-
eral pieces of evidence, and providing language support to the students while
they filled out the survey instrument. A further limitation of the study was our
singular focus on one school, which is an urban school with an all-female stu-
dent body. To address the issues of intersectionality more appropriately, we plan
to extend our work to include both all-male intake and co-educational schools.
Furthermore, a sizeable population in Ireland lives in rural areas. Thus, rural
area schools should also be included to create a more general picture. Finally,
a significant limitation of this study is that an intervention that aims at a major
change in science interest and science capital has to be long-term. A long-term
approach was indeed intended at the beginning of the project, yet because of
the Covid-19 pandemic, this plan was not sustainable, as Ireland had one of
the longest lock-down periods in Europe (Chzhen, 2022.) To alleviate this, we
have conducted a series of workshops extended over several weeks that ena-
bled a more sustained relationship with the school and the students. In future
research, we plan to extend our workshops towards building a longitudinal pro-
gramme that would provide more robust results concerning change in science
interest and science capital.
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Appendix: Data Tables

Table 5

Results of survey instrument items on “interest in science’.
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Table 6

Results of survey instrument items on “motivation.”

$ ~ [} G 3 ~ [ =
5 £ S & g3 <
S RBs  »3% ¥ ¥3 %%
Motivation (Ryan & Deci, 59 58 . Bog 29 55 . oSoyg
2000) §a =% 528 6> =% §2°%
s T [T 520 s © [T s502.9
0 3 Z X 0n T T 0 3 Z X n T T
Pre-test, n =16 Post-test, n =18
| participate actively in science class ...
19. .. because | feel like its a
good way to improve my o o o 16% o
understanding of the mate- 75%(2) - 25% (4) 0 56% (10) 3 28% (3
rial.
0, 0,
20. ... because others might ]22 °/° @ ng’ )
think badly of me if | didn’t 5% 18% (3)
: 63% (10) 53% (9)
21. ... because a solid un-
derstanding of science is o 5 o 5 o
important to my intellectual 75% (12) 19% (3) 6% M 59% (10) 0 4% (7
growth.
I am likely to follow my instructor’s suggestions for studying science ...
22. ... because | would get a bad
grade if | didn’t do what she  63% (10) 25% (4) 12% (2) 59%(10) 18% (3) 23% (4)
suggests.
23. .. because | am worried that
| am not going to perform 56% (9) 13% (2) 31% (5) 47% (8) 4% (7) 12% (2)
well in the course.
24. .. because its easier to
follow her suggestions than o o o o o o
come up with my own study 62% (10) 19% (3) 19% (3) 67%(12) 22%(4) 1% (2)
strategies.
25. ... because she seems to 76 %
have insight about how best ~ 94% (15) 6% (1) 0 (13; 12% (2) 12% (2)
to learn the material.
The reason that | work to expand my knowledge of science is ...
26. ... because it’s interesting to 94%
learn more about the nature as ; 0 6% (1) 78% (14) M% (2) 1% (2)
of science.
27. ... because it’s a challenge
to really understand how to 50% (8) 38% (6) 12% (2) 59% (10) 29% (5) 12% (2)
answer science questions.
28. ... because | want others
fo see that | am intelligent 38%(6)  25%(4)  38%O6) 4% (T) 4% T) 18% (3)

when discussing science
topics.

141



142

NON-FORMAL SCIENCE EDUCATION: MOVING TOWARDS MORE INCLUSIVE PEDAGOGIES FOR ...

Biographical note

GENCO GURALP, PhD, is an assistant professor in philosophy at San
Diego State University, and a postdoctoral researcher at SSPC, the Science
Foundation Ireland Research Centre for Pharmaceuticals, at the University of
Limerick. His post-doctoral work is on Science Education and Public Engage-
ment in Science through the ERASMUS+ DiSSI project. His research areas
include the history and philosophy of science, philosophy of cosmology, phi-
losophy of physics, and the historical epistemology of science. His recent work
focuses on science studies and the sociology of science in the context of STEM
education and public engagement with science.

MARTIN McHuGH, PhD, is a Projects and Public Engagement Officer
at SSPC. He is a former science and biology teacher and in 2017 completed a
PhD investigating the impact of video technology on student interest and en-
gagement throughout secondary schools in Ireland. Currently, Martin develops
medicine and health-themed public engagement activities for diverse public
groups, and he is active in collaborative research investigations into the impact
of informal and non-formal learning environments on participants.

SARAH HAYES, PhD, is the Chief Operations Officer at SSPC, the SFI
Research Centre for Pharmaceuticals. Sarah is a former physics and chemistry
teacher and completed her PhD in science education. Currently, Sarah works
with a broad number of stakeholders including academic, industry, and societal
partners to enhance collaboration and develop impactful public engagement
projects. She conducts research in the area of informal and non-formal learning

and engagement in science.



C-E-P-S Journal | Vol.14 | N°1 | Year 2024

DOI: https://doi.org/10.26529/ceps;j.1706

Inquiry-Based Chemistry Education Activities in a
Non-formal Educational Setting for Gifted Students

MiHA SLAPNICAR', LUKA RIB1¢? IZTOK DEVETAK? AND LUKA VINKO*?

Student giftedness is a complex, developmentally dynamic and contex-
tual phenomenon that teachers confront every day. In the classroom,
teachers often meet students who have exceptional potential or achieve
very high learning goals. The aim of this study is to illustrate the evalu-
ation of inquiry-based learning activities in a specific context (Diversity
in Science towards Social Inclusion learning modules) implemented in
a non-formal educational setting for gifted students in relation to their
level of individual interest and their autonomous and controlled motiva-
tion, comparing different groups of students. We investigate how these
activities affect the students’ attitudes towards inquiry-based learning,
their situational interest and their interest in science careers. A total
of 264 Slovenian lower secondary school students participated in the
study. The students participated in non-adapted and adapted activities
based on the inquiry-based learning approach. The data were collected
using pre- and post-activity questionnaires. Participation in the study,
which took place in the period between the 2021/22 and the 2022/23
school years, was voluntary. The data was collected anonymously and
used for research purposes only. The results show several statistically
significant differences in how students’ level of individual interest, au-
tonomous motivation and controlled motivation for learning chemistry
affects their attitudes towards inquiry-based learning, their situational
interest in Diversity in Science towards Social Inclusion activities and
their interest in science careers. For the gifted and non-gifted students
who participated in “Forensics Science” lab activities before and after the
adaptations to the modules, the results related to their attitudes towards
inquiry-based learning and situational interest are also reported. Thus,
the results of the study provide useful insights for researchers in the field
of chemistry education as well as for chemistry teachers in lower and

1 Faculty of Education, University of Ljubljana; Biotechnical Educational Centre Ljubljana -
General Upper Secondary School and Veterinary Technician School, Ljubljana, Slovenia.
Faculty of Education, University of Ljubljana, Slovenia.
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upper secondary schools. The presented study is a good example of best
practices that chemistry teachers can apply in teaching chemistry, thus
enabling all students, not only the gifted ones, to learn chemistry using
the inquiry-based learning approach.

Keywords: non-formal education, gifted students, inquiry-based
learning, interest, motivation
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Ucenje z raziskovanjem na podrocju kemije za
nadarjene ucence v neformalnem izobrazevalnem
okolju

MIHA SLAPNICAR, LUKA RiBIC, IZTOK DEVETAK IN LUKA VINKO

~>  Nadarjenost ucencev je kompleksen, razvojno dinamicen in kontekstualen
pojav, s katerim se ucitelji vsakodnevno spoprijemajo. V razredu se pogosto
sreCujejo z ucenci, ki imajo izjemni ucni potencial ali dosegajo zelo visoke
ucne standarde. Namen te raziskave je prikazati rezultate aktivnosti ucenja
z raziskovanjem v specifiénem kontekstu u¢nih modulow, razvitih v sklopu
projekta DiSSI (Diversity in Science towards Social Inclusion) in izvedenih
v sklopu neformalnega izobraZevanja za nadarjene ucence v povezavi z nji-
hovo stopnjo individualnega interesa ter avtonomno in kontrolirano moti-
vacijo, pri cemer primerjamo razli¢ne skupine ucencev. Preucevano je bilo,
kako izvedene laboratorijske aktivnosti u¢nih modulov vplivajo na odnos
ucencev do ucenja z raziskovanjem, njihov situacijski interes in zanimanje
za naravoslovne poklice. V raziskavo je bilo vkljuéenih 264 slovenskih u¢en-
cev, ki so sodelovali v izvedbi neprilagojenih in prilagojenih u¢nih modulov
v kontekstu ucenja z raziskovanjem. Podatki so bili zbrani z vprasalnikom
pred izvedeno laboratorijsko aktivnostjo in po njej. Sodelovanje v raziska-
vi, ki je potekala med Solskimi leti 2021/22 in 2022/23, je bilo prostovoljno.
Zbrani podatki so anonimni, uporabljeni pa so bili le v raziskovalne namene.
Rezultati kazejo ve¢ statisticno pomembnih razlik v tem, kako stopnja indivi-
dualnega interesa, avtonomna in kontrolirana motivacija u¢encev za ucenje
kemije vplivajo na njihov odnos do ucenja z raziskovanjem, situacijski interes
po izvedbi aktivnosti uénih modulov in zanimanje za naravoslovne poklice.
V prispevku so predstavljeni tudi rezultati glede odnosa uc¢encev, nadarjenih
in nenadarjenih, ki so sodelovali v aktivnostih u¢nega modula »Naravoslovje
v forenzi¢ni znanosti« pred prilagoditvami uénih modulov in po njih. Rezul-
tati raziskave ponujajo koristne vpoglede za raziskovalce na podro¢ju kemij-
skega izobrazevanja pa tudi za ucitelje kemije v osnovnih in srednjih $olah.
Predstavljena raziskava je primer dobre prakse, ki ga lahko ucitelji kemije
uporabijo pri poucevanju kemije, s ¢imer omogocijo vsem ucencem, ne le
nadarjenim, ucenje kemije z uporabo pristopa ucenja z raziskovanjem.

Klju¢ne besede: neformalno izobrazevanje, nadarjeni u¢enci, u¢enje z

raziskovanjem, interes, motivacija
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Introduction

Diversity in Science towards Social Inclusion (DiSSI) - Non-formal Ed-
ucation in Science for Students’ Diversity is an international Erasmus+ project
with partners from Germany, Ireland, the United Kingdom, Northern Macedo-
nia and Slovenia.

The aim of the project was to develop educational strategies in chemistry
in a non-formal learning environment for diverse students to simultaneously
address four dimensions of student diversity: (1) those who come from a lower
socioeconomic status background, (2) those who belong to an ethnic or cul-
tural background that differs from the majority in society, (3) those with lower
language skills for effective communication in the predominant language in
society, and (4) those who are considered gifted in science or chemistry.

As part of the project, the Slovenian team focused on activities for gift-
ed students. Identification of giftedness is a challenging task that requires the
collaboration of teachers, school counsellors, parents and external experts. In
Slovenia, this process is guided by the instructions proposed by the working
group for the preparation of the concept “discovering and working with gifted
students in the nine-year primary school”. According to this concept, the first
step in identifying giftedness is to define students who may be gifted based on
criteria that do not include tests or assessment instruments. The second step
is a more in-depth and detailed analysis to which methodologically sound in-
struments can be applied. In the third and final step of identification, parents
are informed about their children’s giftedness and have an opportunity to give
their opinion about it (Zagar et al,, 1999). Gifted students should be given an
opportunity to develop their potential in the best possible way in the field of
science as well, especially in chemistry. If they show an interest in acquiring
chemistry knowledge at a higher level than specified in the national curricu-
lum for chemistry, they should have an opportunity to participate in enrich-
ment activities. Such activities may include inquiry-based learning (IBL) in a
specific context.

IBL as a learning method applied in the specific domain of science
teaching and learning can be defined as Inquiry-Based Science Education
(IBSE) (Dunne et al., 2013). For the purpose of the present paper, IBL is applied
in a non-formal educational setting in the KemikUm Centre at the Faculty of
Education of the University of Ljubljana. After participating in science-related
non-formal activities, students often show better performance, greater confi-
dence in their ability to solve science tasks and more enjoyment in learning
science (OECD, 2012).
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The purpose of the study presented in this paper is to evaluate the ef-
fectiveness of DiSSI learning modules based on IBL in the context of gifted
students in a non-formal learning setting and to investigate students’ attitudes
towards this method of chemistry learning. Students’ interest and motivation in
chemistry learning and their IBL experiences in school were assessed as well as
the impact of these variables on the success of DiSSI module implementation.

Students’ giftedness for academic achievements in general and in
science

Students whose performance in certain areas is higher than that of their
peers are referred to as gifted students and show high potential and achieve-
ment at all levels of education (Worrel et al., 2019; State Notes: Gifted and Tal-
ented, 2006). Their characteristics are curiosity, persistent pursuit of interests
and questions, awareness of the environment, recognition of the relationship
between seemingly desperate ideas, generation of ideas, etc. (Tuttle et al., 1988).
Hornstra et al. (2020) reported differences in motivation levels between gifted
and non-gifted students, although these differences were only minor. Phillips
and Lindsay (2006) found that both types of motivation (extrinsic and intrin-
sic) are present in gifted students, while Topcu and Leana-Tascilar (2018) found
that both types can predict academic achievement of gifted students. In order
to increase gifted students’ interest and motivation, they need to be given tasks
that they find challenging and to participate in high-ability groups (Hornstra
et al.,, 2020; Little, 2012; Phillips & Lindsay, 2006). Little (2012) stated that, in
order to be challenging for gifted students, the topic must be meaningful and
contain elements of enjoyment. When this is not the case, students do not have
an opportunity to pursue their personal interests. The pace and level of teaching
and learning can provide an appropriate level of challenge for gifted students
and increase their motivation. With a positive attitude towards inquiry activi-
ties in science classrooms, students’ interest in science learning also increases
(Eltanahy & Forawi, 2019). Levinson (2007) and Kind (2007) suggested that
controversial socio-scientific issues and context-based science in general can be
an effective vehicle for stimulating gifted students in science learning.

Following these guidelines from the literature, DiSSI modules with in-
teresting problems from everyday contexts were developed in order to stimu-
late gifted students’ interest in learning new chemistry concepts.
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Students’ individual and situational interest in learning
chemistry

Interest is defined as a psychological state involving a high level of atten-
tion, effort and commitment to an activity (Chen & Darst 2002). The authors
define two types of interest: individual and situational. Individual interest is a
consequence of the individual’s psychological state and is related to preferences
for activities. It allows individuals to persist in a situation despite frustrations
and feelings of failure. Students with higher levels of individual interest tend to
be more focused and relaxed, remember content better, strive to do well in writ-
ten knowledge tests (Renninger, 2000) and have a better capacity for knowl-
edge acquisition (Rotgans & Schmid, 2017). Individual interest therefore en-
hances student learning. Cheung (2018) found that scientific self-concept is the
most important factor for students” individual interest. Self-concept is higher in
gifted students than in non-gifted students (Kosir et al. 2016; Metin & Kangal,
2012). Academic self-concept is influenced by the educational setting. When
students learn in a high ability setting, they have a lower self-concept; therefore,
high ability students have a higher academic self-concept in a non-high ability
setting such as schools (Tokmak et al. 2021).

Situational interest depends on external stimuli and internal disposi-
tions, and can be influenced by individual interest (Rotgans & Schmid, 2018).
It arises due to environmental factors, such as a task instruction or an engag-
ing text (Schraw et al., 2001). In research by Linnenbrick-Garcia et al. (2010)
and Chen and Darst (2002), situational interest was shown to be unrelated to
individual interest. Situational interest depends on situational factors, such
as collative factors, which can deepen interest in an individual task (Durik &
Harackiewicz, 2007). Active involvement combined with novelty play a key
role in fostering students’ situational interest (Snétinova et al., 2018). Knogler
et al. (2015) found that specific situation effects have a strong influence on self-
reported situational interest, while research by Liu et al. (2022) showed that IBL
can significantly improve students’ level of situational interest, although it does
not have a significant influence on students’ individual interest.

According to the literature, it is reasonable to assume that, when trying
to implement a new educational strategy such as DiSSI modules, both types of
interest can be measured, considering situational interest and individual inter-
est as independent variables.
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Autonomous and controlled motivation for learning chemistry

Motivation is the ability and will to learn and strive with purpose. It re-
fers to the choices people make about what goals to strive for and the amount of
effort they put forth to achieve those goals (Crookes & Schmidt, 1991). Student
learning is driven by two sources: external and internal. In general, there are
two types of motivation: extrinsic and intrinsic (Filgona et al. 2020). Ryan and
Deci (2000) defined the motivation continuum as ranging from amotivation
to motivation, with amotivation being a state in which people lack motivation.
According to Self-Determination Theory (SDT), people are likely to be unmoti-
vated when they lack either a sense of efficacy or a sense of control over the de-
sired outcome. Extrinsic motivation, along with intrinsic factors and identified
and integrated regulation, is classified as autonomous motivation (Feri et al.,
2016) or intrinsic motivation (Ratelle et al., 2007). This type of motivation can
be undermined by external factors such as monetary rewards (Ryan & Deci,
2000) and can help individuals to be more determined in their future career
choices (Paixao et al., 2021). Controlled motivation includes external and intro-
jected regulation with an external locus of causality (Gegenfurtner et al., 2009).
Controlled motivation can be understood as extrinsic motivation (Ratelle et al.,
2007) in which people’s behaviour is controlled by external conditions (Ryan &
Deci, 2000).

Motivation can be increased by higher levels of autonomy given to stu-
dents by teachers (Ushida, 2011, Hinnersmann et al., 2020). Emphasising stu-
dent autonomy decreases students’ conscious learning and therefore motivates
them (Bravo et al., 2017). In a study by Hornstra et al. (2020), teachers were
found to provide gifted students with less structured tasks and give them more
autonomy. However, no statistically significant differences were found between
gifted and non-gifted students in terms of their motivation levels. Research by
Al-Dhamit and Kreishan (2013) showed that gifted students have high extrinsic
and intrinsic motivation, but not significantly higher than non-gifted students.
Bosco et al. (2019) found that student-centred learning, in which students ex-
perience hands-on activities, increases students’ autonomous motivation, but
controlled motivation can also be increased through a more competitive learn-
ing environment (Cropper, 1998).

Given these aspects of motivation that influence learning, the DiSSI
modules were designed to be student-centred and to allow students to be more
autonomous in inquiry-based laboratory work.
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Inquiry-based learning

IBL is a student-centred learning method (Reid & Ali, 2020) “in which
learning is driven by a process of inquiry” (Khan & O’Rourke, 2004, p. 1). In
this process, students seek an answer to a research question or attempt to solve
problems by conducting experiments, following the stages of scientific inquiry
that scientists use to collect and analyse data and draw conclusions. In the
context of chemistry education, these activities lead students to acquire new
knowledge and skills (Pedaste et al., 2015). The IBL method is based on a con-
structivist approach to learning, which assumes that learners create their own
understanding through active participation in the learning process (Driver &
Oldham, 1986). It is a type of learning that includes hands-on activities to moti-
vate and engage students (Suduc et al., 2015). It is also a form of active learning
in which students interact with each other and pave the way for interaction
with the teacher (Aulia et al., 2018). It has been found that students who experi-
ence hands-on activities find the learning content more enjoyable and relevant
(Suduc et al., 2015). Inquiry-based learning also improves student learning out-
comes (Wang et al., 2015; Tawfik et al., 2020; Anjani et al., 2018).

Eltanahy and Forawi (2019) found that students have positive attitudes
towards inquiry-based activities in science classrooms and therefore show
more interest in learning about science, although this needs to be guided to
some extent by the teacher (Szalaya, et al., 2021). It is therefore reasonable to as-
sume that individual interest in chemistry learning may influence how students
perceive learning and how IBL activities influence students’ situational interest
and their attitudes towards the IBL approach and activities conducted in the
chemistry laboratory. However, some studies (Snétinova et al., 2018; Szalaya
et al., 2021) have concluded that IBL does not have a statistically significant
impact on students’ interest and knowledge levels. When students’ interest is
aroused, relationships between students are also enriched, resulting in an im-
provement in their attitudes towards science (Aktamis & Higde, 2016).

Some research (West, 2007; Ozgiir & Yilmaz, 2017; Trna, 2014) conduct-
ed with gifted students has concluded that IBL can increase gifted students’ mo-
tivation to learn. This type of learning can also be effective for gifted students
(Ozgiir & Yilmaz, 2017; Eysink et al., 2015; Can & Inel Ekici, 2021; JuriSevi¢ &
Devetak, 2018), as its components meet their educational needs (Trna, 2014).
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Aim and research questions

The aim of the study presented in this paper was to investigate how (1)
individual interest in learning chemistry and (2) autonomous and controlled
motivation for learning chemistry among different groups of students affect
their attitudes towards IBL, their situational interest and their interest in sci-
ence careers. Non-formal and informal activities are positively related to sci-
ence learning, which is why DiSSI modules were developed for implementation
in a non-formal learning environment.

The research questions guiding this study are as follows:

L Are there any significant differences in students’ attitudes towards IBL,
their situational interest, and their interest in science careers based on
their individual interest in chemistry learning and their autonomous
and controlled motivation for chemistry learning?

2. Are there any significant differences in students’ attitude towards IBL
and their situational interest based on DiSSI “Forensic Science” module
adaptations?

3. Are there any significant differences in students’ attitudes towards IBL,

situational interest, individual interest, autonomous motivation and
controlled motivation based on their general academic giftedness, self-
reported giftedness for chemistry and previous experience with IBL in
school?

Method

The non-experimental and pre-post educational research approach was
used in this study.

Participants

A total of 264 students attending grades 7, 8 and 9 at 17 lower secondary
schools across Slovenia participated in this study. The participants were between
13 and 15 years old, so informed consent to participate in the study was obtained
from their parents and caregivers. Of the 264 participants, 164 were girls, 96 were
boys and 4 students chose the option “other” regarding their gender. A total of
112 of the students were identified as gifted, with an average grade in chemistry
of 4.8 (SD = 0.60) out of a maximum of 5, while 152 were not identified as gifted
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and had an average grade in chemistry of 4.1 (SD = 0.88) out of a maximum of 5.
The students are officially classified as generally gifted at school according to the
concept “discovering and working with gifted students in the nine-year primary
school” presented above. When the students were asked whether they think they
are gifted for chemistry, 118 said yes and 146 said no. However, this is an unofficial
classification. Of the 264 students, 136 participated in the DiSSI module “Forensic
Science’, which proved to be our most popular module and was adapted with
the teaching strategies used by our project partners. Out of these 136 students, 68
participated in the non-adapted module and 68 in the adapted module.

Instruments

Pre-DiSSI activity questionnaire

The anonymous questionnaire given to the lower secondary school stu-
dents participating in the study before they performed the laboratory activity
consisted of three parts.

In the first introductory section, the students were informed that the
purpose of the questionnaire was to find out their opinion about learning
chemistry before participating in the laboratory activity. In the subsequent sec-
tion of the first part of the questionnaire, the students provided information on
demographics, such as their age, gender and grade level, whether they are iden-
tified as gifted, whether they consider themselves as gifted in chemistry, their
final grade in chemistry from the previous school year, and the their prediction
for their final grade in chemistry in the current school year.

In the second section, the students expressed their agreement with 18
different items related to the following three dimensions: individual interest
(5 items), interest in a science career (7 items) and self-concept (6 items). In
the third section, the students determined whether they agree with items on
two motivational dimensions: autonomous motivation (5 items) and controlled
motivation (5 items). Each item in this instrument was rated on a five-point
Likert scale with the following scoring options: strongly disagree = 1, disagree =
2, unsure = 3, agree = 4, strongly agree = s.

Post-DiSSI activity questionnaire

The anonymous questionnaire given to the lower secondary school stu-
dents after the laboratory activity contained the same introductory and demo-
graphic data collection section as the pre-questionnaire.

In the second part of the questionnaire, the students had to evaluate their
agreement with items related to their situational interest for DiSSI activities in
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a non-formal educational environment (10 items). Each item in the second part
was rated on a five-point Likert scale with the following scoring options: strong-
ly disagree =1, disagree = 2, unsure = 3, agree = 4, strongly agree = 5. There was
also a question asking the students to write down three things of their choice
that they found most interesting about this chemistry activity.

In the third part of the questionnaire, the students evaluated the imple-
mentation of IBL in the chemistry classroom at their school (five items).

In the fourth part of the questionnaire, the students had to express their
agreement with items that related to their attitude towards IBL implemented
during the DiSSI activity (7 items). Each item in the fourth part was rated on a
four-point scale with the following scoring options: strongly disagree = 1, disa-
gree = 2, agree = 3, strongly agree = 4.

Research design

The research was conducted from September 2021 to May 2023. All of
the instruments were applied anonymously. Activities developed for both low-
er and upper secondary school students include the following DiSSI learning
modules: (1) “Forensics Science’, (2) “Environmental Chemistry - Hydrosphere
Pollution”, (3) “Green Chemistry of the Future’, (4) “Biologically Active Sub-
stances in Pepper”, and (5) “Chemistry of Honey”. All of the learning modules
are based on the principle of IBL, which has proven to be effective in teach-
ing and learning chemistry for gifted students as well as for others, but with
certain adaptations to the learning approach. The main learning goals of the
DiSSI modules are to give students an opportunity to solve specific scientific
problems by applying the IBL approach in a non-formal educational setting
and to stimulate the development of their scientific competences and interest
in real-life chemistry.

In the “Forensics Science” DiSSI module, the participants are presented
with a fictional crime scenario with a description of the victim and suspects.
Their task is to analyse the collected evidence by conducting various experi-
ments (latent fingerprint detection, toxicology and DNA electrophoresis) in
order to find out which of the suspects had committed the crime.

The DiSSI module “Environmental Chemistry — Hydrosphere Pollution”
is an important part of scientific literacy for sustainability of lower and higher
secondary school students. Within this module, students must conduct a series
of experiments from the field of ecotoxicology and water and soil pollution us-
ing analytical chemistry methods, such as spectroscopy.

The “Green Chemistry of the Future” DiSSI module offers gifted stu-
dents an exciting opportunity to develop critical and creative thinking while
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gaining STEM skills. Through this module, gifted students explore topics relat-
ed to sustainability and environmental concerns in order to identify problems,
develop research questions, collect and analyse data, develop possible solutions,
and share this information with others. “Green issues” are especially appealing
to gifted students, as such students are often sensitive to the world around them
and are interested in projects related to current issues in their communities,
e.g., biodiesel production, waste reuse, etc.

The DiSSI module “Biologically Active Substances in Pepper” is related
to the chemistry topic of natural compounds and includes many activities for
gifted students, especially those in higher secondary schools. Experimental
activities include the development and optimisation of various experimental
methods for isolating compounds from plant material. The isolated compounds
are then detected and possibly identified. An important part of the identified
compounds is their use in industry (e.g., use in the pharmaceutical industry as
raw material to produce important drugs, natural cosmetics, etc.).

In the “Chemistry of Honey” DiSSI module, gifted students use the IBL
approach to explore a variety of experiments to determine the physical and
chemical properties of different types of honey. They investigate the colour,
smell and taste of honey, as well as its viscosity. They also investigate the electri-
cal conductivity of aqueous solutions containing different types of honey and
conduct tests to determine the presence of reducing sugars. After completing
these experiments, they evaluate these properties on unidentified samples to
determine the origin and composition of the honey. All of the DiSSI modules
are available in national languages on the official website of the DiSSI project:
https://dissi.org/materials-for-sharing/.

Special DiSSI boxes were prepared for each DiSSI learning module,
which contained all of the necessary tools, materials, instructions, etc. to en-
able the practical implementation of the DiSSI learning modules outside the
University of Ljubljana’s KemikUm laboratory. These boxes can be viewed at the
official Slovenian website of the DiSSI project: https://dissislovenia.splet.arnes.
si/izobrazevanje-uciteljev/.

Before the laboratory activities (DiSSI module application), the students
had to fill in a pre-lab questionnaire, and after the lab work, they had to fill in a
post-lab questionnaire. Both questionnaires were completed by the students in
both of the groups participating in the non-adapted and adapted DiSSI module
application.

The DiSSI project ran in four phases. In the first phase, several DiSSI
modules were developed. In the second phase, the DiSSI modules were used in
lab work or a workshop for lower secondary school students in a non-formal
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educational setting at the University of Ljubljana’s KemikUm laboratory. Each
workshop lasted an average of four school hours (45 minutes each).

In the third phase of the project, the module “Forensics Science” was
adapted to the teaching strategies used by our project partners. The module was
adapted to the needs of other possible student diversities, such as lower language
skills and belonging to an ethnic or cultural environment that is different from
the majority of society, but not to students with a lower socioeconomic status. In
order to meet these requirements, the adaptations included more structured and
guided instructions for IBL and playful activities such as puzzles.

The data collected with the questionnaires were transferred to Excel
and SPSS 22. Descriptive (frequency tables) and inferential statistics (one-way
ANOVA and t-test) were used to process the data. The values for the groups
of students that were tied to individual interest and autonomous motivation
were calculated based on the level of agreement with the questions about indi-
vidual interest or autonomous motivation. According to the number of points
obtained in each category, the students were divided into three groups (Table 1).

Table 1
Criteria for dividing the students into three groups

Number of points  Group of students

<M-SD Low level of individual interest/autonomous motivation
<M=+SD> Average level of individual interest/autonomous motivation
>M+SD High level of individual interest/autonomous motivation

Results and discussion

The results are presented based on the research questions stated above.
One-way ANOVA was used to examine how the students’ individual interest
affects their attitudes towards IBL, situational interest and interest in science
careers.

The students were divided into three groups based on their individual in-
terest for chemistry learning (Group 1: low interest, Group 2: average interest,
Group 3: high interest). The difference in the students’ attitudes towards IBL be-
tween the three groups is statistically significant (F(2, 258) = 26.084; p < .001).
Post hoc comparisons using Tukey HSD showed that there is a statistically sig-
nificant difference (p < .001) between the mean scores for Group 1 (M = 19.02;
SD = 3.00) and Group 3 (M = 23.03; SD = 2.48), between Group 2 (M = 20.81;
SD = 2.83) and Group 3 (p < .05), and also between Group 1 and Group 2 (p < .05).
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A significant difference was also found when comparing situational in-
terest between the three groups with a different level of individual interest for
learning chemistry (F(2, 254) = 24.344; p < .oo1). The test of homogeneity of
variances was statistically significant (F(2, 258) = 3.923; p < 0.05), so the Welch
test of equality of means was applied. The Tukey HSD post hoc test showed a
statistically significant difference (p < .05) between the mean scores for Group
1 (M =33.68; SD = 6.16) and Group 3 (M = 41.54; SD = 4.08), between Group 2
(M = 37.92; SD = 5.72) and Group 3 (p < .05), and also between Group 1 and
Group 2 (p < .05). These results contrast with previous findings by Linnenbrick-
Garcia et al. (2010) and Chen and Darst (2002), who showed that situational
interest was unrelated to individual interest. However, the results in the present
study are consistent with Rotgans and Schmid (2018), who concluded that situ-
ational interest depends on external stimuli but can also be influenced by indi-
vidual interest. It is difficult to explain mutually exclusive results from different
authors, but it may be related to students’ self-concept, which is one of the most
important predictors of students’ individual interest (Cheung, 2018) and is in-
fluenced by the educational setting, as noted by Tokmak et al. (2021). Schraw et
al. (2001) found that task setting is also a predictor of situational interest, and it
is possible that the IBL learning setting is the cause of the higher scores in both
variables, which are uncorrelated.

When comparing the students” interest in science careers, a significant
difference was found between the three groups regarding individual interest for
learning chemistry (F(2, 256) = 44.489; p < .0o1). The Tukey HSD post hoc test
showed a statistically significant difference (p < .001) between the mean scores
for Group 1 (M =17.54; SD = 5.12) and Group 3 (M = 26.21; SD = 3.79), between
Group 2 (M = 21.13; SD = 4.81) and Group 3, and also between Group 1 and
Group 2. These results confirm the connection between the level of individual
interest and the preference for an activity already shown by Chen and Darst
(2002). Students who show higher levels of individual interest have more posi-
tive attitudes towards the IBL learning activity and also show a higher level of
interest in a future science career. The interest in a science career could also be
explained by Aktamis and Higde’s (2016) study, which found that students with
higher levels of interest have a better attitude towards science and therefore
enjoy science more, which also affects their attitude towards IBL.

In order to explore how students’ autonomous motivation for learning
chemistry affects their attitude towards IBL, their situational interest and their
interest in science careers, one-way ANOVA was used. The students were divid-
ed into three groups based on their autonomous motivation for learning chem-
istry (Group 1: low autonomous motivation, Group 2: average autonomous
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motivation, Group 3: high autonomous motivation).

The difference in the students’ attitude towards IBL between the three
groups is statistically significant (F(2, 259) = 21.805; p < .001). Post hoc compari-
sons using Tukey HSD showed that there is a statistically significant difference
(p < .05) between the mean scores for Group 1 (M =19.00; SD = 3.10) and Group
3 (M = 23.18; SD = 2.09), between Group 2 (M = 21.02; SD = 2.90) and Group 3
(p < .05), and also between Group 1 and Group 2 (p < .05). The DiSSI modules
included IBL learning activities that involve hands-on activities, as stated by
Suduc et al. (2015). Bosco et al. (2019) previously found that educational set-
tings in which students experience hands-on activities can increase their auton-
omous motivation. The results can also be explained by the autonomy given to
the students to complete the activities in the DiSSI modules. By giving students
more autonomy, their autonomous motivation can be increased (Ushida, 2011;
Hinnersmann et al., 2020) as conscious learning is reduced (Bravo et al., 2017).

A significant difference was also found when comparing situational in-
terest between the three groups of students with different levels of autonomous
motivation (F(2, 255) = 14.557; p < .0o1). The test of homogeneity of variances was
statistically significant (F(2, 255) = 4.993; p < 0.05), so the Welch test of equality of
means was applied. The Tukey HSD post hoc test showed a statistically significant
difference (p < .05) between the mean scores for Group 1 (M = 34.73; SD = 3.11)
and Group 3 (M = 41.66; SD = 3.56), between Group 2 (M = 38.03; SD = 5.80) and
Group 3 (p < .05), and also between Group 1 and Group 2 (p < .05). Autonomous
motivation is composed of intrinsic motivation, identified and integrated regu-
lation, and extrinsic motivation (Feri et al., 2016), so it seems possible that the
level of situational interest, which is influenced by situational factors, as noted by
Schraw et al. (2001), may be influenced by autonomous motivation. Schraw et al.
(2001) also noted that teachers who want to increase students’ situational interest
need to focus on enhancing students’ autonomy.

When comparing students’ interest in science careers, it was found that
there was a significant difference between the three groups of students with dif-
ferent levels of autonomous motivation (F(2, 257) = 35.513; p < .oo1). The Tukey
HSD post hoc test showed a statistically significant difference (p < .05) between
the mean scores for Group 1 (M = 17.44; SD = 5.22) and Group 3 (M = 26.46; SD
= 4.63), between Group 2 (M = 21.53; SD = 4.73) and Group 3, and also between
Group 1 and Group 2. These results can be explained by the relatively good
relationship between autonomous motivation and individual determination
regarding future career, as highlighted by Paixao et al. (2021).

In order to explore how controlled motivation for learning chemistry af-
fects students’ attitudes towards IBL, their situational interest and their interest
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in science careers, one-way ANOVA was used. The students were divided
into three groups based on their controlled motivation for learning chemistry
(Group 1: low controlled motivation, Group 2: average controlled motivation,
Group 3: high controlled motivation). There was no significant difference when
comparing the students’ attitudes towards IBL (F(2, 260) = 2.071; p = .128). The
characteristics of the IBL learning method noted by Suduc et al. (2015) and the
National Science Education Standards (1996) are not as connected to controlled
motivation as they are to autonomous motivation, as the above results confirm.

There was no significant difference comparing situational interest be-
tween the three groups of students regarding their controlled motivation for
learning chemistry (F(2, 256) = .545 p = .580). These findings do not support the
findings of previous authors such as Rotgans and Schmid (2018) and Schraw et
al. (2001), who found that situational interest is influenced by external factors.
One possible explanation for the present results could be that situational inter-
est is enhanced by giving students more control and autonomy, factors that are
connected to autonomous rather than controlled motivation.

When comparing the students’ interest in science careers, it was found
that there was a significant difference between the three groups of students
with different levels of controlled motivation for learning chemistry (F(2, 258)
= 4.710; p = .01). The Tukey HSD post hoc test showed a significant difference (p
< .05) between the mean scores for Group 1 (M = 18.97; SD = 6.54) and Group 3
(M = 22.68; SD = 4.70), and also between Group 1 and Group 2 (M = 21.83;
SD = 5.23). There was no significant difference between the mean scores for Group
2 and Group 3. As noted by Gegenfurtner (2009), controlled motivation includes
external regulations. One possible explanation for these results is that scientific
careers are often perceived as prestigious by society, and therefore parents and the
media influence students’ perceptions of these careers as external factors.

Table 2
Summary of results regarding the first research question

Dependent variables

Interest in science
careers

F(2,258) =26.084;  F(2,254) =24.344;  F(2, 256) = 44.489;

Attitude towards IBL  Situational interest

Individual interest

= " p <.001 p <.001 p <.001
7]
Q
g § Autonomous F(2, 259) = 21.805; F(2, 255) =14.557; F(2, 257) = 35.513;
S = motivation p <.001 p <.001 p <.001
T >
= Controlled F(2,260) = 2.071; F(2,256) = .545 F(2,258) = 4.710;

motivation p=.28 p =.580 p=.01
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As shown in Table 2, it can be concluded that both individual interest
and autonomous motivation affect students’ attitudes towards IBL, their situ-
ational interest and their interest in science careers, whereas controlled motiva-
tion only affects students’ interest in science careers.

The t-test was used to examine how the “Forensic Science” module ad-
aptations affected the students’ attitudes towards IBL and their situational inter-
est. However, no significant differences were found between the students who
attended our “Forensics Science” workshop before and after the adaptations
with regard to their attitude towards IBL (¢ = -.437, df = 134, p = .663) and their
situational interest (¢ = -.696, df = 131, p = .488). The DiSSI activities were more
structured due to the adaptions. Although the results show no differences be-
tween the groups, by observing the students’ work in the laboratory it could be
concluded that the adaptations helped the students to conduct experiments.

The t-test was used to examine how the students” general academic gift-
edness, self-reported giftedness for chemistry, and previous experience with
IBL in school affected their attitudes towards IBL, situational interest, individ-
ual interest, and autonomous and controlled motivation.

When comparing the gifted and non-gifted students, a significant differ-
ence was found between the groups in their autonomous motivation (f = 3.514,
df = 260, p = .019), with the gifted students achieving a higher mean score (M
=19.56, SD = 2.98) than the non-gifted students (M = 18.41, SD = 3.50). On the
other hand, no significant differences were found between the gifted and non-
gifted students in their controlled motivation (t = 4.599, df = 246.6, p = .542).
These results support the idea of Hornstra et al. (2020), who found that teach-
ers give gifted students less-structured tasks that allow them more autonomy,
which is an important factor for autonomous motivation. However, previous
authors, such as Al-Dhamit and Kreishan (2013), found no significant differ-
ences between gifted and non-gifted students in terms of their autonomous and
controlled motivation. Hornstra et al. (2020) also found no significant differ-
ences in motivation levels between gifted and non-gifted students.

Students who think they are gifted for chemistry (M = 20.18, SD = 2.80)
also showed a significantly higher level of autonomous motivation (t = 5.196, df
=260, p <.oo1) compared to students who think they are not gifted (M =18.15,
SD = 2.80). When comparing controlled motivation between the two groups,
there were no significant differences (t = -.682, df = 261, p = .496).

A significant difference was also found in the students’ individual inter-
est for learning chemistry (¢t = 4.599, df = 259, p < .001), with the gifted stu-
dents showing more interest (M = 19.53, SD = 3.72) than the non-gifted students
(M = 1726, SD = 4.09). These results can be explained by the self-concept of
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gifted students. Cheung (2018) pointed out that self-concept is one of the most
important predictors of individual interest, while Kosir et al. (2016) and Metin
and Kangal (2012) found that self-concept is usually higher in gifted students
than non-gifted students.

The students who perceive themselves as gifted for chemistry (M = 20.11,
SD = 3.51) also showed a significantly higher level of individual interest for learn-
ing chemistry (t = 7.311, df = 259, p < .001) than those who do not perceive them-
selves as gifted (M = 16.71, SD = 3.89). These results might indicate that students’
self-concept is not affected by other people telling them that they are gifted. It
should be noted, however, that 70% of the students in the present sample who
rated themselves as gifted in chemistry had already been identified as gifted.

A significant difference was found in the students’ attitude towards IBL
(t = 2.365, df = 260, p < .001), with the gifted students showing a more positive
attitude towards IBL (M = 21.55, SD = 2.57) than the non-gifted students (M =
20.65, SD = 3.31). The students who evaluated themselves as gifted for chemistry
(M = 2179, SD = 2.68) also have a significantly better attitude towards IBL (t =
3.724, df = 260, p < .001) than the students who do not think they are gifted (M
=20.42, SD = 3.18). The findings of the present study are supported by those of
Eltanahy and Forawi (2019), who found that gifted students have positive at-
titudes towards inquiry activities. The results can also be explained by the find-
ings of Ozgiir and Yilmaz (2017), Eysink et al. (2015), Can and Inel Ekici (2021),
and JuriSevi¢ and Devetak (2018), all of whom concluded that IBL can make
learning more effective for gifted students and thus improve their attitudes to-
wards this learning method.

A significant difference between the gifted and non-gifted students was
also determined regarding their situational interest (t = 2.507, df = 256, p = .013),
with the gifted students showing a higher level of interest (M = 39.16, SD = 5.29)
than the non-gifted students (M = 37.29, SD = 6.29). Similar results were found
between the students who evaluated themselves as gifted or non-gifted for chem-
istry. The students who think they are gifted for chemistry (M = 39.44, SD =5.50)
showed a significantly higher level of situational interest (t = 3.454, df = 257,
p <.oo1) than the students who think they are not gifted (M = 36.92, SD = 6.08).
These results are difficult to explain because there is no accessible literature on
the effects of inquiry learning on gifted students’ situational interest. One pos-
sible explanation could be that gifted students enjoy inquiry learning more than
non-gifted students, as noted by Eltanahy and Forawi (2019), and that active par-
ticipation, deeper interest in the task and engagement are factors that influence
situational interest, as noted by Durik and Harackiewicz (2017) and Snétinov4 et
al. (2018).
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When comparing the students who had previous experience with IBL in
school and those who did not, a significant difference was found between the
groups in their autonomous motivation (t = 2.240, df = 260, p = .029). The stu-
dents who had previous experience with IBL in school had a higher mean score
(M =19.31, SD = 3.04) than those who did not (M = 17.88, SD = 4.29). A sig-
nificant difference was also found in their individual interest (¢ = 2.839, df = 259,
p = .005), with the gifted students showing more interest (M = 18.57, SD = 3.85)
than the non-gifted students (M = 16.78, SD = 4.71). On the other hand, no sig-
nificant differences were found between the two groups in their attitudes towards
IBL (t=.931, df = 261, p = .353), situational interest (¢ = .520, df = 256, p = .604) and
controlled motivation (t = 1.344, df = 261, p = .180).

Table 3
Summary of results regarding the third research question

Independent variables

General academic
giftedness

Self-reported
giftedness for

Previous experience
with IBL in school

chemistry
. t=2.365,df =260, t=3.724,df=260, t =.931, df = 261,
Attitude towards IBL b <.001 b <.001 b= 353
% Situational interest t=2507df =256, t=3.454,df=257, t =.520, df = 256,
& p=.013 p <.001 p=.604
©
2z Individual t =4.599, df = 259, t =731, df = 259, t =2.839, df = 259,
§ interest p <.001 p <.001 p =.005
§_ Autonomous t=3.514,df=260, t=5196,df=260, t=2.240,df=260,
A motivation p =.019 p <.001 p =.029
Controlled t=4599, df = 246.6, t=-682, df=261, t =1.344, df = 261,
motivation p =.542 p =.496 p=.180

As shown in Table 3, it can be concluded that both general academic
giftedness and self-reported giftedness for chemistry affect students’ attitudes
towards IBL, their situational and individual interest, and their autonomous
motivation, while students’ previous experience with IBL in school affects their

individual interest and their autonomous motivation.
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Conclusion

The important findings presented in the theoretical introduction of this
paper report that non-formal and informal activities have a positive impact
on students’ science learning. This applies not only to academically average
achievers, but also to gifted students, who were the focus group of the Slovenian
DiSSI project team. The focus of the present study was on the field of chemistry
education.

Gifted students for chemistry usually show an interest in acquiring
chemistry knowledge at a higher level than specified in the national curriculum
for chemistry. Such activities may include the IBL approach in a specific con-
text. One of the goals of the Slovenian DiSSI team was to develop educational
strategies in chemistry in a non-formal learning environment. DiSSI learning
modules using the IBL approach were therefore developed for implementation
in a non-formal learning environment.

The present study was conducted to investigate how individual interest
in learning chemistry and autonomous and controlled motivation for learning
chemistry between different groups of students affect their attitudes towards
IBL, situational interest and interest in science careers.

The results of the study can be summarised in several main points. The
difference in students’ attitudes towards IBL between the low/average/high in-
dividual interest groups is statistically significant. A significant difference was
also found when comparing situational interest among the three groups with
different individual interest for learning chemistry. Thus, it can be concluded
that situational interest for learning with DiSSI modules may also be influenced
by individual interest. The connection between the level of individual interest
and the preference for the DiSSI activity can be confirmed, as students who
show a higher level of individual interest have a more positive attitude towards
IBL learning and show a higher level of interest in a future science-related ca-
reer. Some additional results are worth highlighting. Firstly, a statistically sig-
nificant difference was found in students attitudes towards IBL between the
low/average/high autonomous motivation groups. Secondly, a statistically
significant difference was determined when comparing situational interest in
the three groups of students with different levels of autonomous motivation.
Finally, a statistically significant difference was discovered when comparing
students’ interest in science careers. On the other hand, when comparing situ-
ational interest, there was no significant difference between the three groups of
students regarding their controlled motivation for learning chemistry. It can be
summarised that, in our case, situational interest was not influenced by external
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factors. In contrast, it can be also concluded that, when comparing students’
interest in science careers, there is a significant difference between the three
groups of students with different levels of controlled motivation for learning
chemistry.

There are no significant differences in attitude towards IBL and situ-
ational interest between students who participated in our “Forensic Science”
workshop before and after the adaptations.

There were significant differences between students based on their gen-
eral academic giftedness (group 1: gifted, group 2: non-gifted) when comparing
their attitude towards IBL, situational interest for learning chemistry topics us-
ing DiSSI modules, individual interest and autonomous motivation for learn-
ing chemistry.

The same results were obtained when comparing students who con-
sidered themselves gifted for chemistry (Group 1) or non-gifted for chemistry
(Group 2). There were significant differences between both groups of students
when comparing their attitudes towards IBL, situational interest for learning
chemistry topics using DiSSI modules, individual interest and autonomous
motivation for learning chemistry.

It is also important to emphasise that students who had previous experi-
ence with IBL in school science show a significantly higher level of individual
interest and autonomous motivation for learning chemistry.

In the conclusions, we have only highlighted some important findings
that are useful for researchers in the field of chemistry education, as well as for
chemistry teachers in primary and secondary schools.

It should also be emphasised that, in addition to the learning or teach-
ing of gifted students, DiSSI learning modules can, with appropriate adapta-
tions, also be targeted at students with various other characteristics, such as:
(1) those who come from a lower socioeconomic status background, (2) those
who belong to an ethnic or cultural background that differs from the majority
in society, and (3) those with lower language skills for effective communication
in the predominant language in society. From this point of view, the applied
methodology of the DiSSI project and its approach to the learning and teaching
of science, especially chemistry, prove to be appropriate.

Limitations

The present study also highlights certain limitations. In a study of this
kind, it would be useful to apply a pre-knowledge test to determine students’
prior knowledge of the chemistry concepts relevant for the DiSSI activities be-
fore implementing the modules in a non-formal educational setting and then
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evaluate their knowledge obtained during the lab activities. This would provide
a better insight into the impact the prepared DiSSI learning modules on stu-
dents’ chemistry concepts understandings.

Another limitation of this study was the fact that only the “Forensic Sci-
ence” DiSSI module was adapted to the needs of other possible students™ di-
versities, such as lower language skills and belonging to an ethnic or cultural
environment that is different from the majority of society, but not to students
with lower socioeconomic status. It would be good to apply the adaptations
to all of the other DiSSI learning modules developed in this project as well. A
larger sample of participants in the implementation of the learning modules
would provide better insights into the problems that occurred during labora-
tory activities. Furthermore, in order to establish a better understanding of the
difficulty of the tasks included in the DiSSI modules, upper secondary school
students and non-chemistry university students would also be relevant par-
ticipants in the research, as it was observed during lab work that some of the
activities exceed even gifted lower secondary school students’ understanding of
chemistry concepts.

Educational implications

This study has several educational implications. First, teachers can select
a DiSSI learning module, take the DiSSI box prepared for it, and thus conduct a
chemistry laboratory activity in school. The developed DiSSI learning modules
with the IBL approach in context can be used not only in non-formal educa-
tion but also in formal education. It is also important to point out that IBL is an
effective approach not only for gifted students, but also for those who are not
gifted for science or chemistry with some specific adaptations of the modules
that teachers can use. Finally, teachers in schools also have the option of con-
verting DiSSI teaching modules from the guided IBL approach to a more open
IBL approach for those students who find guidelines for lab work frustrating
and not challenging enough.

Further research

Future studies could also evaluate the implementation of other adapted
DiSSI learning modules. It would also be useful to evaluate the knowledge that
students acquire when using DiSSI learning modules in a non-formal learn-
ing environment, when using DiSSI boxes in schools and when using adapted
DiSSI learning modules.
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Teaching Stereochemistry with Multimedia and
Hands-On Models: The Relationship between Students’
Scientific Reasoning Skills and The Effectiveness of
Model Type
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EFFENDY!, DARATU PUTRI' AND HABIDDIN HABIDDIN*?

This paper presents an analysis of the use of multimedia and hands-on
models on university students’ understanding of stereochemistry. The
relationship between students’ scientific reasoning skills and their un-
derstanding of stereochemistry was also determined. Two groups of sec-
ond-year chemistry students from the State University of Malang taking
organic chemistry for the 2020/21 academic year participated in this
study. One group of students experienced stereochemistry teaching us-
ing multimedia models and the other hands-on models as the learning
medium. Lawsons Classroom Test of Scientific Reasoning and Short-
Answer Stereochemistry Test were applied. The former was deployed to
measure students’ scientific reasoning skills, while the latter was used to
test their understanding of stereochemistry. The results revealed that the
students’ scientific reasoning skills were significantly below the expected
standard, falling in the low category. Students with high scientific rea-
soning skills exhibited a better understanding of stereochemistry than
those with low levels. Both multimedia and hands-on models revealed
an equal contribution towards students’ understanding of stereochem-
istry. Also, it suggests that multimedia models tend to favour students
with high scientific reasoning skills, while hands-on models favour
those with low skills.

Keywords: stereochemistry, pictorial representation, physical model,
models, and modelling
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Poucevanje stereokemije z multimedijo in s prakti¢nimi
modeli: odnos med zmoZnostmi naravoslovnega
misljenja pri $tudentih in uéinkovitostjo vrste modela

ROOSERINA KUSUMANINGDYAH, IZTOK DEVETAK, YUDHI UTOMO,
ErreENDY EFFENDY, DARATU PUTRI IN HABIDDIN HABIDDIN

~ Clanek predstavlja analizo uporabe multimedijskih in prakti¢nih mode-
lov pri razumevanju stereokemije pri univerzitetnih $tudentih. Ugoto-
vljena je bila tudi povezava med zmoznostmi naravoslovnega misljenja
$tudentov in njihovim razumevanjem stereokemije. V tej studiji sta so-
delovali dve skupini $tudentov drugega letnika kemije z drzavne univer-
ze v Malangu, ki so bili v $tudijskem letu 2020/21 $tudentje predmeta
organska kemija. Ena skupina $tudentov je izkusila poucevanje stereo-
kemije z uporabo multimedijskih modelov kot u¢nega medija, druga pa
prakti¢nih modelov kot u¢nega medija. Uporabljena sta bila Lawsonov
test naravoslovnega misljenja za uporabo v razredu in test iz stereoke-
mije s kratkimi odgovori. Prvi je bil uporabljen za merjenje zmoznosti
naravoslovnega misljenja, drugi pa za preverjanje razumevanja stereo-
kemije pri $tudentih. Rezultati so pokazali, da je bila stopnja zmoznosti
naravoslovnega misljenja $tudentov precej pod pri¢akovanim standar-
dom in se uvric¢a v nizjo kategorijo. Studentje z vi$jo stopnjo zmoznosti
so pokazali boljse razumevanje stereokemije kot ucenci z nizjimi sto-
pnjami zmoznosti. Multimedijski in prakti¢ni modeli so enako prispe-
vali k razumevanju stereokemije pri $tudentih. Studija prav tako kaze, da
so multimedijski modeli primernejsi za $tudente z visokimi stopnjami
zmoznosti naravoslovnega misljenja, medtem ko so prakti¢ni modeli
primernejsi za Studente z nizjimi stopnjami zmozZnosti naravoslovnega
misljenja.

Klju¢ne besede: stereokemija, slikovna predstavitev, fizi¢ni model,

modeli, modeliranje
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Introduction

Stereochemistry involves geometric isomerism, molecular conforma-
tion, and chirality. It is fundamental to an understanding of organic chemis-
try and plays an important role in other disciplines, including pharmacy, bio-
chemistry, molecular biology, biotechnology, and medicine. For example, many
drugs are chiral, with only one enantiomer providing the desired effect; in some
cases, the other form is detrimental. Molecular chirality can also play a part
in food chemistry, where different enantiomers may impart a different taste
or smell (Solomons et al., 2017). Chirality is also important in the field of het-
erogeneous catalysis, especially on surfaces. Therefore, understanding stereo-
chemistry is essential for undergraduate chemistry students. Regardless of the
importance of this topic, its appreciation is challenging for university students
because chemistry textbooks are mostly presented in two-dimensional (2-D)
representations (Abraham et al.,, 2010). Drawing and visualising molecules in
fixed orientations and identifying the stereochemistry of those molecules is a
difficult task for many students (Dickenson et al., 2020). A study involving pro-
spective chemistry teachers revealed some misconceptions in the area of ste-
reochemistry (Durmaz, 2018). Using three-dimensional (3D) molecular struc-
tures as building blocks for the understanding of stereochemistry is a spatial
challenge for many students (Stull et al., 2012; Wu & Shah, 2004).

Efforts to improve students’ understanding of stereochemistry can be
carried out in several ways, including using models and modelling involving
hands-on/physical models or molecular modelling. Teaching with the aid of
multimedia in which pictorial and verbal representations are presented simul-
taneously (Mayer, 2008; Richter et al., 2016) color coding in static or dynamic
forms (Mayer, 2008) has been a preferable learning approach over the years
(Ceken & Tagkin, 2022). Multimedia learning contributes to cognitive devel-
opment according to the following brief process. Multimedia contains words
and/or pictures that are interpreted by students’ sensory memory. The mem-
ory works to further process and organise the verbal and pictorial represen-
tations. Next, students store it in their long-term memory by combining the
pictures and words with their prior knowledge (Mayer, 2008). However, Ceken
& Taskin (2022) found that multimedia was mostly implemented in the area of
STEM education and suggested employing multimedia in other learning envi-
ronments. Fatemah et al. (2020) applied mobile software and virtual tools to
narrow the performance gap between students with different spatial abilities.
Previous studies strongly recommended employing computational modelling
to improve students’ understanding of stereochemistry (Durmaz, 2018). The
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virtual model provides a better opportunity to manipulate the 3D models and
translate 2D to 3D representations (O’Brien, 2016).

Molecular models utilising 3D have been extensively applied in some
stereochemistry teaching (Upton, 2001) and other chemical molecule model-
ling classes (Bernard & Mendez, 2020). Using appropriate visualisation tools,
the 3D models can be altered to enable the selection of pertinent viewpoints.
It is possible to write line diagrams directly on top of these 3D models with
the help of an overlay annotation tool (O’Brien, 2016). The study by Bernard
& Mendez (2020) uncovered another advantage of 3D models over their 2D
counterparts. The 3D model allowed students to create a personalised model.
Another study utilised 3D printing to create a 2D model of NMR spectra and
HPLC chromatograms to assist students’ understanding (Jones et al., 2021).
These novel physical models aid students in grasping the complicated informa-
tion offered in multidimensional spectra and chromatograms, especially those
who learn best through visual and/or tactile means (Jones et al., 2021). How-
ever, the unfamiliarity of students with the modelling tool is sometimes an issue
(Upton, 2001), particularly in transforming 2D to 3D models (Kok, 2020). Cog-
nitive processes of spatial visualisation have been linked to the ability to create
3D pictures of an item from its 2D views, as confirmed by research by Kosa &
Karakus (2018) and Rodriguez & Rodriguez (2017). In addition, It is difficult
to model even tiny molecules with any degree of accuracy using 2D drawing
software, let alone 3D (Bernard & Mendez, 2020).

Comparisons of the effectiveness of the two models (virtual and hands-
on) towards students’ understanding of stereochemistry are limited (Casselman
et al., 2021). Several studies utilised 3D printing (Dickenson et al., 2020), hands-
on laboratory work (Taagepera et al., 2011), multimedia technology (Ugliarolo
& Muscia, 2012), interactive computer games (Junior et al., 2017) and stereo-
chemistry physical games in the form of a boardgame (Junior et al., 2019) to as-
sist students in understanding stereochemistry concepts. However, they did not
compare the effectiveness of the two selected tools. For example, Dickenson et al.
(2020) conducted a 3D printing workshop to improve students’ fluency in draw-
ing stereochemistry structures and other related entities (chirality, stereoisomer-
ism, enantiomer, diastereomers) and their understanding was measured before
and after the workshop. Thayban et al. (2021) compared hands-on and virtual
models in the teaching of symmetry. Casselman et al. (2021) contrasted the ef-
fects of teaching organic chemistry with virtual versus physical Embodied Learn-
ing Tools (ELTs) on students’ understanding of stereochemistry. Web-based tools
with virtual-3D have also been applied to assist students in transforming New-
man projections (the conformation of the chair and assigning R/S labels) to a
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2D dashed/wedged structure (Mistry et al., 2020). Elford et al. (2022) and Habig
(2020)first representations are examined from a science educational and instruc-
tional psychology perspective. After giving a short overview of AR in general and
how it can be delineated from virtual reality (VR employed augmented reality
(AR) to provide a 3D virtual environment for teaching stereochemistry. Another
study incorporated animation and hands-on models to improve students’ under-
standing of organic chemistry (Al-Balushi & Al-Hajri, 2014). The use of multi-
media is expected to assist students in visualising chemistry concepts (Rodrigues
& Gvozdenko, 2011) Abraham et al. (2010) applied computer modelling and a
handheld ball-and-stick model to assist students’ understanding of stereochem-
istry. Although this study compared computer and hands-on models, it did not
relate to students’ scientific reasoning skills (SRS).

SRS and critical thinking are the core competencies that students must
harbour for their future careers (Dowd et al., 2018)but little empirical evidence
exists regarding the interrelationships between these constructs. Writing effec-
tively fosters students? development of these constructs, and it offers a unique
window into studying how they relate. In this study of undergraduate thesis
writing in biology at two universities, we examine how scientific reasoning ex-
hibited in writing (assessed using the Biology Thesis Assessment Protocol. SRS
correlate with students” ability to carry out observations, investigations, and
modelling (Bunce et al., 2017; Krell et al., 2020). Referring to Piaget’s theory,
SRS is related to the last development of the cognitive stage, which is formal op-
erational (Babakr et al., 2019). The development of students’ SRS correlated to
cognitive and emotional involvement in augmented reality-based instruction
(Chang et al., 2018). Students’ ability to predict and explain chemical phenome-
na is affected by their understanding of chemical as well as mathematical mod-
elling (Lazenby et al., 2019). According to Lawson, scientific reasoning plays a
central role in producing scientific knowledge (Bao et al,, 2022). Stereochem-
istry concepts (chirality, enantiomer, and symmetry) are mostly represented
by models to assist students in better understanding them. Therefore, efforts
to reveal the relationship between students’ SRS and their understanding of
stereochemistry deserve attention.

Models and Modelling in Science and Chemistry
Education

According to The Oxford English Dictionary, a model refers to a three-
dimensional representation of a smaller object scale’ The use of the term
‘model’ can be expressed as the simplification of natural phenomena (e.g., an
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idea, system, situation, or process) and used as the basis for explaining and
understanding them (Bodner et al.,, 2005; Gilbert, 1997; Hallstrom & Schon-
born, 2019); therefore, it facilitates scientific inquiry (Ingham & Gilbert, 1991).
Chamizo (2013) reviewed and proposed various definitions of models and fi-
nally agreed with the previous definition that a model represents entities (ideas,
phenomena, objects, processes, and systems) connecting theory and phenom-
ena. A model can also be presented in a mathematical expression, such as the
relationship of volume, temperature, and the number of gas molecules in gas
laws (Bodner et al., 2005). At the same time, modelling refers to constructing a
model for a particular system (Bodner et al., 2005) that serves as a thinking and
communicative tool for predicting, explaining, and communicating scientific
phenomena (Chamizo, 2013).

It has been widely accepted that chemical concepts are mostly explained
in the sub-microscopic and symbolic models due to their abstract characteris-
tics. Therefore, in chemistry, we deal with several phenomena interpreted and
communicated through certain models (Justi & Gilbert, 2003). Dalton’s atomic
model has been the pioneer for how the physical model contributes to the pro-
gress of chemical knowledge, followed by other chemists’ findings, including
Kekulé, Van't Hoff, Pauling, Watson and Crick (Justi & Gilbert, 2003). Using a
molecular model facilitates the prediction of chemical behaviour and structural
and spatial arrangement, particularly in topics such as stereochemistry (Fran-
coeur, 1997, 2000).

Understanding modelling in chemistry teaching and learning is essen-
tial for chemistry educators to recognise the most appropriate model to apply
in their teaching (Sjstrom et al., 2020). Chemistry educators are expected to
understand the nature of the model, construct an appropriate model, utilise the
model in chemistry teaching and conduct modelling activities in their teaching
(Justi & Gilbert, 2003). In another study, Savec et al. (2006) investigated both
prospective and in-service chemistry educators’ opinions regarding the role of
models and modelling in chemistry and revealed that they were acutely aware
of its importance. In line with the increasing deployment of new technologies,
such as visualisation, animation, and other computer simulations in the edu-
cational sector, the technological literacy of teachers and educators has also
increased (Ferk et al., 2003).

Studies involving the use of models and modelling in chemistry have
been carried out on many topics, including solid-state of matter (Devetak et al.,
2010), revealing students interacted with their own-physical model superior to
those with the virtual model and teacher-demonstrated physical model. Regard-
ing retention, students remembered the theory when they had constructed their
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own either physical or virtual models rather than using teacher-demonstrated
ones. Fried et al. (2019) also revealed an improvement in students’ motivation
and understanding of chemistry when they used student-generated models in
organic chemistry and computer-generated models in teaching. The combina-
tion of practical work and computer modelling also improved students’ perfor-
mances in crystallography (Daaif et al., 2019). Beck et al. (2020) investigated
how students apply models to understand molecular vibrations and rotations
of molecules. In other studies, laboratory modelling by asking students to draw
the decay of radioactive elements effectively uncovered their misconceptions
of radioactive decay and half-lives (Yesiloglu, 2019). These studies confirm that
models and modelling are useful tools for improving students’ understanding
and revealing misconceptions.

Students’ comprehension of models and modelling (Justi & Gilbert,
2003) is the key aspect of the next standard of science (Guy-Gaytan et al., 2019).
Chemistry students frequently use existing models in many topics, including
gas laws, the kinetic theory, the theory of collision, the steric effect and others,
but they do not directly involve in constructing and evaluating a model (Bod-
ner et al,, 2005). Considering this, we provide ample opportunities for students
to be actively involved in modelling the stereochemistry concepts.

Research problem and question

Providing appropriate learning tools for teaching stereochemistry has
been a priority for some time; however, despite this, many students still find the
topic challenging. The main objective of this study was to examine the effect of
multimedia and hands-on models on students’ understanding of stereochemis-
try. In addition, the relationship between students’ understanding and scientific
reasoning skills was explored. The result of this study could be the basis for
finding the optimum learning medium for teaching stereochemistry.

Method

Pre-tests and post-tests were implemented for each intervention in this
study, with two separate groups of students. One group used hands-on mod-
els (comparison group), and the other used multimedia models (experimental
group) in teaching and learning stereochemistry. In some literature (Casselman
etal,, 2021), hands-on models are named ‘physical models. Therefore, the terms
‘hands-on’ and ‘physical’ are used interchangeably in this paper.
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Participants

This study involved 59 second-year chemistry education students from
Universitas Negeri Malang taking the Organic Chemistry I class. The students
were, on average, 22 years old (SD = 2.0). They all learned chemistry in second-
ary school for three years, covering general and organic chemistry concepts.
They also covered concepts helping to understand stereochemistry, such as
chemical bonding, molecular geometry, and fundamental concepts in organic
chemistry, specifically nomenclature, structure, and reaction mechanisms. The
students were divided into two groups, with 29 students for the multimedia-
models group and 30 for the hands-on model group. From this point and be-
yond, students experiencing stereochemistry teaching with a multimedia mod-
el are labelled STwM, while those using the hands-on model are labelled STwC.

Examples of multimedia and hands-on models are provided in Figures
1 and 2. The multimedia model displayed in Figure 1 was created in a computer
program using Unity3D and Blender software. The model can display a three-

dimensional representation of the molecules.

Figure 1
Example of the multimedia model in this study (translation provided)

Perhatikan Konfigurasi (R) pada molekul bromo-fluoro-kloro metanol yang digambarkan dengan
rumus bola dan pasak seperti di bawah ini

e .o

Rumus Bola dan Pasak

The English translation for the question in Figure 1 is ‘look at the (R)
configuration of bromochlorofluoromethane that is displayed as a ball and stick
model below’ (Rumus Bola dan pasak means ball and stick model). Figure 1
displays the R configuration of bromochlorofluoromethane CHBrCIF as a ball
and stick model. The 3-D model allowed students to physically manipulate the
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object to view the different arrangements. As shown in Figure 2, the hands-on
3D model is formed from a plastic ball and straws created by students.

Figure 2
Example of the hands-on model in this study

Research Design

This study employed a pre-test-post-test two-treatment design (Cohen
etal., 2018). Before embarking on stereochemistry teaching, students’ SRS abil-
ity was analysed using the CTSR instrument. Students’ responses were the ba-
sis for classifying them as having a high or low level of SRS. Students in both
classes (STwM and STwC) were divided into groups and labelled as students
with high and low SRS (Table 1).

Table 1
Pretest-posttest two treatment design of the study

SRS level Multimedia class (STWM)  Hands-on model class (STwC)
ngh Xm X]Zl
Low X X

m2 122

X and X  were labelled for STwM students with high SRS and low SRS
levels, respectively, while X and X _ were for high and low SRS levels among
STwC students. The labels are only applied for research purposes to be more
recognisable when analysing the data. Both high and low SRS levels were mixed
in stereochemistry teaching and experienced the same learning environment
based on applied learning media. The teaching approach for STwM and STwC
classes was the same (guided discovery model), except for the learning media.
The steps of guided discovery in this study adopted the model proposed by
Eggen & Kauchak (2012) as follows.



180

TEACHING STEREOCHEMISTRY WITH MULTIMEDIA AND HANDS-ON MODELS

1. Introduction phase

In this phase, the concepts to be discussed are related to previously stud-
ied concepts. For example, when discussing ‘chirality and enantiomer, students
were reminded of structural and geometric isomerism. Then, students were
given an analogy question to introduce students to the subsequent topic. Below
is the typical question provided in this phase. Figure 3 below portrays two mirro-
rable spherics. Do you think the two spherics are superimposable mirror images?

Figure 3

Example of a mirrorable object presented in the introduction phase

A Al R

N

2. Open-ended question

The learning model for STwM and STwC groups was applied in this
phase. Students were asked to think and express their opinion regarding the
follow-up questions. Figure 4 below is an example of a question provided in this
phase. Do you think that the B molecule (molekul B) mirrors the A molecule
(molekul A)? Are the two molecules superimposable?

Figure 4
Example of the mirrorable object presented in the open-ended phase

Molekul A Molekul B

Students then explored the possible answer to the question using the
assigned teaching materials, including the learning media. STWM applied the
multimedia model, while the STwC did so with the hands-on model.
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3. Convergent phase
In this phase, the lecturer explained the correct answer for the questions
given in the previous phase, correcting any misunderstandings that occurred

and providing any other necessary explanations of the topics.

4. Closure and application phase
In this phase, some additional questions were given to assess the extent
to which students understood the topic.

Instruments and Data Analysis

Data in this study cover students’ scientific reasoning skills, initial abil-
ity, and understanding of stereochemistry after the intervention. Students’ sci-
entific reasoning skills (SRS) in the two groups were measured and categorised
as those with higher scientific reasoning skills and those with lower scientific
reasoning. Students’ scientific reasoning skill was measured using the Class-
room Test of Scientific Reasoning (CTSR) developed by Lawson (1978), con-
sisting of 24 multiple-choice questions. Following the criteria of Lawson (2004)
thus arguments used in their test require sub-arguments to link the postulate
under test with its deduced consequence. Science is HD in nature because this
is how the brain spontaneously processes information whether it basic visual
recognition, every-day descriptive and causal hypothesis testing, or advanced
theory testing. The key point in terms of complex HD arguments is that if suf-
ficient chunking of concepts and/or reasoning sub-patterns have not occurred,
then one’s attempt to construct and maintain such arguments in working mem-
ory and use them to draw conclusions and construct concepts will “fall apart.”
Thus, the conclusions and concepts will be “lost” Consequently, teachers must
know what students bring with them in terms of their stages of intellectual
development (i.e., preoperational, concrete, formal, or post-formal, students’
SRS was categorised as preoperational (0o—9 correct answers), concrete (10-14
correct answers), formal (15-19 correct answers), or post-formal (20-24 cor-
rect answers). Students with preoperational and concrete levels are attributed
to lower SRS, while those with formal and post-formal levels are higher SRS.

Students’ understanding of stereochemistry was revealed using ten short
answer questions (SAST). Examples of questions from the two instruments are
displayed in Figures 5 and 6, while the complete instruments are available on
request. Pre-test and post-test questions were used to investigate students’ un-
derstanding of stereochemistry in the two groups. However, students’ scientific
reasoning was measured only in the pre-test.
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Figure 5
Example of a question of the CSTR instrument

The six boxes are placed in a wrapped container
and mixed randomly. If one box is taken out
from the container, what is the percentage
possibility that a red box was taken?

Figure 5 above depicts the example of a question in the CSTR instru-
ment to measure students’ scientific reasoning skills. This question is followed
by another question asking the reason for their answer. Meanwhile, Figure 6
displays an example of a question of the SAST instrument to measure students’
understanding of stereochemistry. The question is in the Indonesian language
but is provided in English on this page for international readers. As mentioned
above, the complete instruments are available on request.

Figure 6
Example of a question about the SAST instrument

The figure 1s the structure of 2-chloro-2-fluorobutanal (red sphere
represents O atom, grey for C, white for H, green for Cl and yellow for
F atoms.

a. Amrange the priority order of the subtituents attached to C-clural
starting with the highest priorty.

b. Draw the three-dimensional formula of the enantiomer pair for the
molecule.

c. Provide the sign of (R) or (S) to the two enantiomers and their
names.

d. Do you think the two molecules are the same? Explain your answer

Non-parametric statistical procedures, including Rank-Spearman Cor-
relation and the Mann-Whitney U test, were employed to measure the cor-
relation between students’ SRS and understanding of stereochemistry and the
difference between the two groups. Prerequisite tests were applied, including
Levene’s Test for homogeneity and the Shapiro-Wilk for normality test. The re-
sults showed that the data were not normally distributed and not homogenous,
leading to the use of the non-parametric procedure above.
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Results and Discussion

The Students’ Scientific Reasoning Skills (SRS)
The results of Students’ Scientific Reasoning Skills measurements (SRS)
are provided in Table 2.

Table 2
Students’ SRS Scores

Score Number of Students % SRS Level

0-9 16 29.63 Concrete
10-14 19 3518  Low Formal
15-19 n 20.37  Upper Formal
20-24 8 14.81  Post Formal

The results indicate that the smallest percentage of students (14.81%)
possess the highest SRS level, post-formal. Students with low formal and con-
crete SRS levels are the highest in number, with 35.18% and 29.63%, respectively.
These percentages imply that the majority of second-year chemistry students
hold inadequate SRS levels. This confirms the previous finding that most prom-
ising science teachers demonstrate a low SRS (Zulkipli et al., 2020). Piaget’s
theory states that people develop their highest stage of cognitive development,
the formal operational stage, at the age of 11 (Babakr et al., 2019). However, La-
zonder et al. (2021) found that the level of scientific reasoning of people of the
same ages could develop differently. Even some adult people have not reached
this formal reasoning stage (Martin et al., 2010). These students’ low scientific
reasoning skills should be taken into account in further chemistry teaching.
Studies involving university students from the first to fourth years revealed a
small correlation between university experiences (how many years they have
been in university) to students’ SRS (Ding et al., 2016). This paper will only
describe how these SRS categories relate to students’ understanding of stereo-
chemistry between the STwM and STwC classes. Concrete and low formal levels
are both considered as the low SRS category, while upper formal and post formal
are the high SRS category.
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Students’ initial ability and the use of multimedia and
hands-on models in stereochemistry teaching

The effect of teaching stereochemistry using multimedia and hands-on
models is demonstrated by the difference in average scores between the STWM
and STwC classes. Table 3 outlines the average marks of the two classes for the
pre-test and post-test exercises.

Table 3
The average scores (out of 100) of STwM and STwC classes in SAST before and
after the course in stereochemistry using different molecular models

Score for pre-test Score for post-test

Class Number of Students

SD X SD
STwM 27 8.2 5.4 58.9 17.4
STwC 27 9.8 74 54.9 9.2

The table shows that students’ marks for the pre-test are much lower
than for the post-test, which is understandable because the pre-test was car-
ried out before the teaching of stereochemistry to the two classes. Students’
prior knowledge of stereochemistry is mainly obtained from their secondary
school chemistry lessons and is very basic. In this university, fundamental or-
ganic chemistry concepts are not covered in basic or general chemistry. The
correct answers were mostly found for questions about isomeric structures and
cis- and trans-geometric isomerism. They mostly failed to answer questions
regarding optical isomers, molecular chirality, diastereomers and mesosomers.
Some students also struggled to distinguish between geometric isomers in cy-
clic compounds and alkenes.

The pre-test aimed to determine students’ initial ability in STWM and
STwC classes before embarking on stereochemistry teaching. Although the
STwM (8.2) mark was slightly lower than that for STwC (9.8), the difference
is insignificant. Therefore, it can be concluded that both classes harboured the
same level of ability and prior knowledge regarding the topic implying an ac-
ceptable interpretation that the use of multimedia and hands-on models will
determine the post-test outcomes.

Table 2 also shows that the STwM demonstrated a higher mark average
(58.9) than the STwC class (54.9). However, the difference is very small and
is not statistically significant, as confirmed by the Mann-Whitney test with a
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p-value of 0.257. Therefore, it can be concluded that the use of multimedia and
hands-on models in stereochemistry teaching contributed equally to support-
ing students’ understanding. This finding is opposite to the study in the area
of solid-state matter in which students who constructed their physical model
(equivalent to the hands-on model in this study) demonstrated a better per-
formance than those using virtual models (Devetak et al., 2010). Meanwhile,
another study revealed that students from all educational levels demonstrated
different approaches to different models. Although students mostly favour
hands-on representations over virtual ones, university and secondary school
students demonstrated a better performance when using the three-dimensional
virtual or computer-generated models, whereas primary school students fa-
voured physical 3D models (Ferk et al., 2003).

Students’ post-test average scores for the two classes show that their un-
derstanding of stereochemistry is still weak even after deploying multimedia
and hands-on models. An analysis of students’ attempts to answer one specific

question is given below for the example shown in Figure 7.

Figure 7
Example of the question for SAST

Look at the dimensional structure of a molecule below and answer the following
questions.

Mark the substituents according to the priority rules.

Provide the dimensional structure of the enantiomer pair for the molecule.
Show the (R) or (S) configuration for the two enantiomer.

Please provide a complete name of the molecule by considering its (R) or (S)
configuration.

poop

Figure 8 shows that many students failed to apply the priority order of
the substituents as explained in the priority rules of Cahn-Ingold-Prelog. They
considered CHO as the priority instead of CL This inability led to the students’
errors in determining the R or S configuration. Additionally, students’ inability
to visualise a three-dimensional unit could have contributed to this error. Diffi-
culty in determining R and S configurations was also found in previous studies
(Durmaz, 2018).
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Figure 8
Example of students’ difficulty in determining the (R) and (S) configuration
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The relationship between SRS and students’ understand-
ing of stereochemistry

The relationship between students’ SRS and their understanding of ste-
reochemistry can be seen by comparing the average scores of the two groups
in answering the SAST questions. For students with high SRS, the score of the
stereochemistry test of STWM (76.6) is higher than that for STwC (68.9). In
contrast, for those with low SRS, STwC students (62.0) performed better than
the STWM students (56.3). This result also demonstrated that for both groups,
students with high SRS have a better understanding of stereochemistry than
those with low SRS. The result indicates that students’ SRS affects their under-
standing of stereochemistry with a positive correlation. The Rank-Spearman
Correlation test also confirmed this finding, showing a moderate correlation
between these two variables (r, = 0.383; p = 0.004). The obvious relationship
between the two variables proves that the ability to think scientifically affects
students’ success in understanding stereochemistry.

Figure 9
Example of the question for STSA

Below are deoxyribose and tartaric acid in Fischer projection
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a. How many carbon chiral at the deoxyribose compound and mark those chiral
carbon?

How many stereoisomer at the deoxyribose compound?

Tartaric acid contains 2 carbon chiral but only 3 stereoisomers. Explain why.
Which one has the nternal plane symmetry between the two? Show it in a figure.
What 1s the effect of internal plane symmetry to 1ts optical activity?

° A0 T
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Students with low SRS failed to deal with questions that require thinking
at the formal level. Below is an example of those students’ errors in explaining
why a compound exhibits geometric isomerism and how the plane symmetry

in a molecule with chiral carbon atoms affects its optical activity.

Figure 10
Example of students’ difficulty in answering the question regarding molecules
having internal-symmetry-plane
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Figure 10 demonstrates students’ inability to answer questions displayed
in Figure 9. Some students correctly appointed the plane symmetry of tartaric
acid (asam tartarat in the Indonesian language) but failed to recognise its ef-
fect on its optical activity. They believed that molecules with a plane of sym-
metry would remain optically active, as stated (translated from the Indonesian
language) in the figure. This difficulty may also be the result of the possibility
that they had trouble recognising the compound’s optical activity because the
tetravalence of the carbon atom did not line up with the polarity of the car-
boxyl groups at either end. Thus, the carbon atoms at the chain’s centre could
likewise be identified as chiral centres. Students with good scientific reasoning
skills should explain that the existence of an internal symmetry plane divides
a compound in half, with the two halves reflecting each other (mirror image).
They then should realise that such a molecule with a plane of symmetry is achi-
ral and optically inactive. Some students also struggled to determine whether
the enantiomeric pairs were the same compound. Many students believed that
the pairs were the same compound confirming a lack of ability to recognise the
differences in the position of a molecule’s group in three-dimensional space.
Students often lack a clear understanding of the idea of optical activity. In the
absence of a convincing classroom demonstration, pupils frequently have no
choice but to take it on faith (Pecina et al., 1999). However, current technol-
ogy could assist students in understanding the optical activity phenomenon.
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Schwartz et al. (2011) applied an iPad device with the function of a source of
polarised light for observing the optical activity of crystal or solution, including
NaCl and NaClO, crystals and sucrose solution.

The Effect of Hands-on and Multimedia Models on Stu-
dents’ Understanding of Stereochemistry

Table 4 shows the percentage of students from each group giving the
correct answer to each of the questions. The table shows that, for six questions
(1, 2, 4, 5, 9 and 10), the number of STwM students providing a correct answer
is greater than that of STwC students. However, the difference between the two
groups is quite small. This suggests that multimedia and hands-on models are
equally effective in improving students’ understanding of stereochemistry, as
confirmed by the small difference in scores between STWM and STwC students.
The statistical test confirmed the insignificant difference between the two
groups.

Both multimedia and hands-on models facilitate students in under-
standing stereochemistry. Multimedia helps students build mental visualisa-
tions because the features of virtual molecular models, animated videos and
games allow them to observe three-dimensional molecular shapes from vari-
ous points of view, allowing their rotation and other movements (Anggriawan,
2017). The mobile and virtual models effectively closed the gap in understand-
ing of students with different spatial abilities (Fatemah et al., 2020). The result of
this study is at odds with the work of Abraham et al. (2010), in which computer
modelling was found to be better than the physical ball and stick models in
aiding students’ understanding of stereochemistry. In agreement with the work
of Abraham et al. (2010), the physical model was more effective in facilitating
students to apply complex stereochemistry concepts compared to the virtual
one (Casselman et al., 2021). This finding also conflicts with a study on stu-
dents’ understanding of symmetry, which showed that virtual models favoured
students’ understanding over physical ones (Thayban et al., 2021). The study
strengthened their review results that the contribution of the virtual model will
exceed the physical model’s contribution (Thayban et al., 2020).
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Table 4
The percentage of STwM and STwC students with the correct answer in
responding to SAST (Students’ Understanding of Stereochemistry Concepts)

Question STWM (%) STwC (%)

1 73 72
2 55 44
3 58 61
4 7 64
5 64 47
6 42 44
7 74 79
8 45 55
9 53 40
10 50 |
Average 58 55

An interesting phenomenon is observed when the stereochemistry
scores are a function of students’ SRS (Table 5). For students with high SRS,
STwM students demonstrated a higher score. Meanwhile, STwC students with
low SRS performed better than STWM students with similar low SRS.

Table 5
Students’ grade average on stereochemistry test

SRS category  The average score of the stereochemistry test

High 66.7
STwM

Low 49.0

High 60.0
STwC

Low 54.0

Considering the small sample size in this study, it may sound too ambitious to
claim that the multimedia model is more effective for high SRS students while
the hands-on model is for low SRS students. However, further studies to ex-
plore the findings involve bigger respondents.
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Conclusion

This study revealed that the difference in students’ understanding be-
tween those experiencing multimedia and those with the hands-on model is
quite small, as confirmed by the Mann-Whitney test’s statistical procedure.
The result suggests that employing both multimedia and hands-on models in
teaching stereochemistry can be effective, and the specific model chosen should
be determined by the teaching environment. The average post-test scores for
both groups also imply that the application of the two models did not improve
students’ understanding to a satisfactory level. We do believe that models are
the obvious tool to teach stereochemistry. Therefore, exploring why it does not
work optimally in this study should be further investigated. It may be reason-
able to provide an additional variable to promote a more effective stereochem-
istry teaching using multimedia and hands-on models. This study also uncov-
ers that students’ scientific reasoning skills influence students’ understanding of
stereochemistry. Regardless of the model applied, the higher students’ scientific
reasoning, the better their understanding. Therefore, techniques that enhance
students’ scientific reasoning skills should be deployed to assist their under-
standing of stereochemistry and other topics.

Implication for the teaching of stereochemistry

This study, and other previous reports, indicate that both hands-on and
virtual models are useful in aiding students’ understanding of stereochemis-
try. However, no specific benefit could be determined from deploying either
technique. It is therefore recommended that educators select an appropriate
medium dependent upon the characteristics of the students, availability of re-
sources and other considerations. There is limited evidence from this study that
students with low scientific reasoning skills may benefit from using hands-on
models, as this group of students showed a higher score on the stereochemistry
test than the group with the same SRS using virtual models. There appeared
to be a slight benefit for students with high SRS in using multimedia models.
It may be beneficial to choose the appropriate model type depending on the

students’ scientific reasoning skills.
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Limitations of The Study and Future Research
Guidelines

Students’ scientific reasoning skills were measured before the stereo-
chemistry exercise but not after. One question arising from this study is explor-
ing how teaching using different model types affects students’ scientific reason-
ing skills. The absence of a comparison group in this study could also hinder
the transferability of the result to a wider context. Therefore, a future study
employing a comparison group and involving a larger number of respondents
is highly recommended, especially to determine the relationship between SRS
and the effectiveness of different model types. Other variables, such as visu-
alisation skills, motivation, and interest, are also reasonable to explore further.
Other drawbacks of this study are the lack of eye tracking as a useful tool in-
forming students’ visual ability (Brumberger, 2021) and the spatial ability test
as another important factor related to understanding the 3D orientation of ste-
reochemistry. The unavailability of the eye-tracking tool is the reason for the
former drawback. We also decided to skip the spatial test ability to reduce the
students’ workload participating in this study.
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Slovenian Language Teachers’ Attitudes Towards
Introducing Comics in Literature Lessons in Primary
School

Maja KERNEZA*' AND IGOR SAKSIDA?

~ The present article highlights the views of Slovenian language teachers
on the introduction of comics in literature lessons in primary school.
We were interested in Slovenian language teachers’ views on the intro-
duction of comics as an art-literary type of text as part of the literature
curriculum as well as the use of comics as a literary-didactic method
in literature classes. This was investigated via a questionnaire, which
was fully completed by 121 Slovenian language teachers of the first to
the ninth grade. The results show that factors such as gender, educa-
tional period taught, professional experience, field of study, highest level
of completed education, source of skills related to the introduction of
comics in the classroom, teachers’ reading habits and attitudes towards
reading comics, and agreement with stereotypical claims about comics
per se have no influence on teachers’ attitudes towards the use of comics
in the forms studied. However, their attitudes towards the use of com-
ics in the classroom are influenced by certain stereotypical attitudes of
teachers towards comics. The most important limitation of our research
was also the most important finding: teachers are neither empowered
to introduce and use comics as an art-literary type of text in the literary
curriculum, nor are they able to use comics as a literary didactic method
in literature classes. There is a great need for teacher training and teach-
ers should be empowered to use and introduce comics in all forms.

Keywords: comics in education, literature lessons, primary school,
teacher attitudes
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Stalis¢a uciteljev slovenscine do uvajanja stripa v pouk
knjizevnosti v osnovni $oli

Maja KERNEZA IN IGOR SAKSIDA

Clanek predstavlja stalis¢a uciteljev slovens¢ine do uvajanja stripa v
pouk knjizevnosti v osnovni $oli. Zanimala so nas stali$¢a uciteljev slo-
vens¢ine do uvajanja stripa kot likovno-literarne vrste besedila v knji-
zevnovzgojni kurikulum pa tudi do uporabe stripa kot (produktivne)
literarnodidakti¢ne metode pri pouku knjizevnosti. To smo raziskali s
pomocjo anketnega vprasalnika, ki ga je v celoti izpolnilo 121 uciteljev
slovens¢ine od prvega do devetega razreda. Izsledki kazejo, da dejavni-
ki, kot so: spol, vzgojno-izobrazevalno obdobje, v katerem ucitelji ucijo,
delovne izku$nje, smer koncanega $tudija, najvisja stopnja dokoncane
izobrazbe, lokacija in velikost $ole, na kateri poucujejo, vir kompetenc,
ki se navezujejo na uvajanje stripa v pouk, bralne navade uc¢iteljev in od-
nos do branja stripov, sami po sebi nimajo uc¢inka na stalis¢a uciteljev do
uporabe stripa v raziskovanih oblikah pri pouku knjizevnosti, vplivajo
pa na njihova stali$¢a do uporabe stripa pri pouku doloéena stereotipna
stali$¢a do stripa. Kot poglavitna omejitev raziskave se je pokazala prav
najpomembnejsa ugotovitev — ucitelji niso opolnomoceni ne za uvajanje
in uporabo stripa kot literarno-likovne vrste v knjizevnovzgojni kuri-
kulum in ne za uporabo stripa kot (produktivne) literarnodidakti¢ne
metode pri pouku knjizevnosti. Kaze se velika potreba po izobrazeva-
njih uditeljev, v okviru katerih bi se u¢itelje opolnomocilo za uporabo in
uvajanje stripa v vseh oblikah v pouk slovens¢ine oz. maternega jezika.

Kljucne besede: osnovna $ola, pouk knjizevnosti, stalis¢a uciteljev,
strip v izobrazevanju
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Introduction

Attitudes are socially acquired by adopting social knowledge, experi-
ences and norms. We acquire attitudes throughout our lives from parents, peers
and the social environment (Olson & Kendrick, 2008); we have no biological
predispositions to them. By learning attitudes from others, individuals become
similar to members of their group (Albarracin et al., 2018). Attitudes and be-
liefs also guide teachers and influence their work (Darling-Hammond, 2000) in
terms of their practices (Cash et al., 2021; Siier & Oral, 2021), behaviour (Glock
etal., 2018; Mellom et al., 2018), improvement of the learning process (Xu, 2012)
and the learning environment (Russo et al., 2021), motivation (Kulikowski et
al,, 2022), language (Smajla, 2021), knowledge (Rosli et al., 2020) and skills (Lef-
fler, 2019). Some research (e.g., Ballantine & Spade, 2006; OECD, 2009) even
concludes that understanding the role of the teacher is key to understanding
the education system, as teachers’ views are important for the educational envi-
ronment and for understanding and improving the learning process.

Comics are almost synonymous with stereotypes and attitudes. Even to-
day, comics are still making their way into libraries and classrooms. Doubts ex-
ist especially about the criteria for selecting quality comics and the possibilities
of using them in the classroom, but all too often there are still stereotypical and
negative attitudes towards the use of comics in literature classes, as expressed
in our previous research (Kerneza, 2016). The origin of comic stereotypes in
the educational environment is presented by Groensteen (2009). The first com-
ics were intended for adults, and were published in America in the nineteenth
century. At the beginning of the twentieth century, the same comics found their
way to Europe, where they were published mainly in children’s and youth press.
Since teachers were the first to comment on comics and the idea of comics, their
views (which were anything but positive due to their being the wrong audience)
prevailed over other opinions. Comics were condemned as harmful to children,
supposedly spoiling an already limited audience. As a result, they are still often
criticised for their lack of narrative ambition, considered entertainment and/
or trivial literature and lumped into popular genres (e.g., adventure, fantasy,
historical, etc. stories), even though they are essentially an original medium.

In the context of research, we are mainly interested in the use of comics
in literature classes. Teachers most often use comics in literature classes as an art-
literary type of text or as a literary-didactic method. We typically think of comics
as literary works, but their most recognisable feature distinguishing them from
other types of reading texts is the need to assemble meaning from both the text
and the illustrations, which Bati¢ and Haramija (2014) define as multimodality
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in the case of a picture book. Like the picture book (Bati¢ & Lebar Kac, 2020),
the comic book has at least two codes of communication: literary and artistic. It
is an interweaving of text, illustrations and the content-formal relationship be-
tween them (Haramija & Bati¢, 2015). A study conducted among 443 preschool
and classroom teachers (Bati¢, 2021) showed that teachers consider picture books
to be suitable and appropriate for preschool and school children. Moreover, the
participants did not have difficulties selecting an appropriate picture book (like
picture books, comics are also a multimodal text). However, research on comics
as a literary-didactic method for reducing gender differences in reading literacy
at the primary level of education has shown that there are prejudices and nega-
tive attitudes among Slovenian language teachers towards the use of comics in
the classroom (Kerneza, 2016). As stated above, both picture books and comics
represent a similar concept of text, that is, multimodal text.

Today, more and more research demonstrates the positive effect of com-
ics (e.g., mathematics: Azamain et al., 2020; science: Phoon et al., 2020; art:
Osterer, 2012; foreign language learning: Zhang, 2019; reading comprehen-
sion: Liu, 2004; attitudes towards reading: Kerneza & Kosir, 2016; transaction
between literary texts: Oppolzer, 2020). Therefore, there should no longer be
doubts about the effectiveness of comics as part of the curriculum.

Since students directly observe their teacher’s views daily (Greene, 2006),
teachers often pass on attitudes that are either positive or negative through
instruction, by addressing or not addressing certain topics in the classroom
(Gal et al., 1997; Lawal, 2020; Rensaa, 2019; Ugur-Erdogmus, 2021) and in the
learning environment (OECD, 2009). Teachers’ attitudes are frequently highly
resistant to more complex changes, but they often depend on the personal char-
acteristics of the teacher (ibid). When people talk about teachers being ‘hard to
move, it is usually referring to their views. However, some research shows that
teachers’ attitudes and practices can easily be changed if the programmes we
use to influence their views are implemented with sufficient quality (Darling-
Hammond, 2000; Hu, 2022). Of course, we need to know what teachers think
and what they know about the issues we want to present to them. With the goal
of helping teachers create more powerful learning environments, Schoenfeld
(2020) even suggests that we influence their perceptions, inclinations and ori-
entations in the field of their knowledge.

The present study

Since we did not find any research on the described topics, we designed
a study based on the theoretical foundations and empirical findings. The aim of
the present study was to investigate the attitudes of Slovenian language teachers
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in primary schools towards the introduction of comics as an art-literary type of

text and the use of comics as a literary-didactic method in literature classes. We

sought to investigate Slovenian language teachers’ attitudes towards the most

common ways of using comics in literature classes. The research questions we

developed were divided into two groups for better transparency:

1 What are the attitudes of Slovenian language teachers towards the intro-
duction of comics as an art-literary type of text in the literary curriculum?

1.1 Which factors influence Slovenian language teachers’ attitudes
towards the introduction of comics as an art-literary type of text
in the literary curriculum?

1.2 Which stereotypical attitudes do Slovenian language teachers
have towards the introduction of comics as an art-literary type of
text in the literary curriculum?

2 What are the attitudes of Slovenian language teachers towards the use of
comics as a literary-didactic method in literature classes?

2.1 Which factors influence Slovenian language teachers’ attitudes
towards the use of comics as a literary-didactic method in litera-
ture classes?

2.2 Which stereotypical attitudes do Slovenian language teachers
have towards the use of comics as a literary-didactic method in
literature classes?

As a general hypothesis, we concluded that the attitude of Slovenian lan-
guage teachers to the introduction of comics as an art-literary type of text in
the literary curriculum and to the use of comics as a literary-didactic method in
literature classes depends on gender, the educational period in which the teach-
ers teach, professional experience, field of study, the highest level of education
completed, the source of skills related to the introduction of comics in the
classroom, teachers’ reading habits, their attitudes towards reading comics, and
the level of their stereotypical thoughts about comics. The use of comics in the
classroom is also affected by teachers’ stereotypical attitudes towards comics,
as shown in a study that examined comics as a literary-didactic method as well
as their use for reducing gender differences in reading literacy at the primary
level of education (Kerneza & Kosir, 2016). Wilson (2020), Sahara (2020), and
Cheung and O’Sullivan (2017) state that there not only stereotypical attitudes
towards comics, but also towards reading comics. Blank (2017), Jogie (2015),
Hall (2011), and Armour and Ilda (2014) suggest that problems with the accept-
ance of comics may stem from a lack of appreciation of pop culture, with teach-
ers fearing that such texts are frivolous, lack educational meaning (Lim, 2012)
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and are generally inappropriate (Clarke, 2013). In the existing literature, we find
a great deal about stereotypes in comics (Chavez, 2021; Cruz, 2018; Dittmar,
2020) and breaking down stereotypes using comics (Loizou & Symienidou,
2019; Ostrow Seidler, 2015), but not about stereotypes about comics themselves.
This also relates to teachers’ stereotypical attitudes towards comics.

Method

Participants

A total of 139 teachers who were currently teaching the Slovenian lan-
guage in a primary school from the first to the ninth grade (both class and
subject teachers) participated in the research. Of them, 121 identified as female
(87.1%) and 4 identified as male (2.9%), while 14 respondents chose not to an-
swer the gender question (10.1%). Due to the small number of male teachers,
the gender variable was excluded from further consideration.

At the lower level of primary education, the sample of teachers is evenly
distributed (1% grade - 18.7%, 2" grade - 17.3%, 3™ grade - 15.8%, 4™ grade -
13.7%, 5 grade - 12.2%). This is also the case regarding the upper level of pri-
mary education (6" grade - 33.1%, 7" grade - 33.1%, 8" grade - 37.4%, o™ grade
- 38.8%). One respondent did not answer the question (0.7%).

Most of the teachers had 10-20 years (30.9%) of experience, while slight-
ly fewer had taught for up to 10 years (23.0%), 20-30 years (22.3%) and over 30
years (21.6%). Three respondents did not answer the question (2.2%).

Most of the participating teachers had graduated from primary educa-
tion programmes (54.7%), followed by Slavic studies/Slovenian studies or Slo-
venian language/literature (41.0%), while a few of the teachers had graduated
from other fields (3.6%).

The highest level of education achieved, reported by more than half of
the respondents (56.8%), is specialisation according to a higher professional
programme, university programme (VIL.) or master’s degree (2™ Bologna lev-
el), followed by a higher education programme (until 1994) or a post-secondary
professional programme (VI/1.) (21.6%) and specialisation according to a high-
er education programme or higher professional programme (VI/2.) or a higher
professional and university programme (1% Bologna level) (17.3%). Four of the
participants (2.9%) had completed a specialisation according to a university
programme or master’s degree (VIII/1.), while two of the participants (1.4%) are
Doctors of Science (VIII/2. or 3™ Bologna level).

The reading habits of the teachers were more favourable in the pre-adult
period, and comics are less likely to be read by teachers in adulthood (Table 1).
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Table 1

Number (f) and structural percentage (f%) of teachers according to their reading
habits and their attitude towards reading comics

Period Until adulthood Today C:(;:iltt::::;“ Comics today
Frequency f % f % f % f %
Never 0 0 3 2.2 15 10.8 54 38.8
Very rare 6 43 13 9.4 32 23.0 43 30.9
Rarely 10 7.2 24 17.3 43 30.9 34 24.5
Often 55 39.6 64 46.0 33 237 6 43
Very often 68 48.9 35 25.2 15 10.8 1 7
Did not answer 0] .0 0 .0 1 7 1 7
Sum 139 100.0 139 100.0 139 100.0 139 100.0

Note. Until adulthood - frequency of reading until adulthood. Today - frequency of reading today.
Comics until adulthood - frequency of reading comics until adulthood. Comics today - frequency of
reading comics today.

Most of the teachers (45.7%) believe that they did not acquire competen-
cies related to the introduction of comics in the classroom at the faculty. This
is followed by those who believe that competencies related to the introduction
of comics in the classroom were acquired during teaching itself (38.4%). Some
8.7% of the respondents acquired their knowledge at the faculty and 2.2% ac-
quired it while working in study groups. One teacher (0.7%) gained her knowl-
edge from her partner, one (0.7%) through online training, and one respondent
did not give information about the origin of their knowledge (0.7%).

We were also interested in the attitude of Slovenian language teachers
towards comics according to their reading habits in the period until adulthood
and today. Overall, the reading habits of teachers have not changed, but there
has been a reversal in those who enjoyed reading comics very much, or still
enjoy reading them, as well as in those who did not read comics or do not like
to read them today. The data are shown in Table 2.
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Table 2

Number (f) and structural percentage (f%) of teachers’ attitudes towards reading
comics

Period Until adulthood Today
Attitude towards reading comics f % f %
Really like 29 20.9 10 7.2
Like 51 36.7 57 4.0
Don’t/Didn’t like 14 101 28 201
Don’t/Didn't like at all 15 10.8 10 7.2
Unformed 28 201 33 23.7
Didn’t have access to comics 2 1.4 - -
Did not answer 0 .0 1 7
Sum 139 100.0 139 100.0

Note. Really like - | really like/liked to read comics. Like - | like/liked to read comics. Don’t/Didn’t
like - | don’t/didn’t like to read comics. Don’t/Didn’t like at all - | don’t/didn’t like to read comics at all.
Unformed - | don’t/didn’t have a formed attitude towards comics.

Most of the research that focuses on teachers’ reading habits and atti-
tudes towards reading is related to pre-service teachers. Research findings show
that pre-service teachers are aware of the importance of reading and enjoy read-
ing, but often do not find enough time to read (Uzum & Alincak, 2021), and that
their reading habits are predicted by their attitudes towards reading (Aisyiyah
& Hakim, 2020). Sahin and Bayrak (2021) state that teachers’ reading habits are
influenced by many factors, such as gender, teaching experience, the institu-
tion from which they graduated, level of education and level of job satisfaction.
However, we did not find any studies comparing teachers’ reading habits until
adulthood and today, nor did we find any studies comparing teachers’ reading
habits to teachers attitudes towards reading comics.

The teachers in the present study also expressed agreement with stereo-
typical claims related to comics. Although they do not show explicit stereotypi-
cal attitudes towards comics, we can nevertheless see that there are differences
even between the teachers who disagree with stereotypical claims (Table 3).
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Table 3

Number (f) and structural percentage (f%) of teachers’ agreement with stated

stereotypical claims

Agreement 4 Sum
Claim f f% f f% f f% f &% f % f % f %
S1 72 518 48 345 18 129 1 7 0O 0 0 .0 139 1000
S2 72 518 48 345 18 129 1 7 0O O 0 .0 139 100.0
S3 1 7 1 7 15 108 75 540 47 338 0 .0 139 100.0
S4 0O O 4 29 35 252 66 475 34 245 0 .0 139 100.0
S5 71 511 56 403 10 72 1 7 0 .0 1 7139 100.0
S6 94 676 41 295 3 22 1 7 0O 0 0 .0 139 1000
S7 40 288 46 331 33 237 18 129 2 14 0 .0 139 100.0
S8 60 432 57 410 21 151 1 7 0 0O 0 .0 139 100.0
S9 60 432 51 37 25 1O 3 22 O O O .0 139 1000
S10 92 662 42 302 4 2.9 1 7 0 .0 0 .0 139 100.0
STl 78 561 55 396 5 36 1 7 0 0O 0 .0 139 100.0

Note. S1- Comics are less worthy or worthless literature. S2 - Comics represent low culture. S3 -
Comic art is diverse and rich. S4 - Comics are first-class graphic texts. S5 - Comics are for kids only.
S6 - Comics are just for nerds. S7 - All comics include superheroes. S8 - Comics promote racial
stereotypes. S9 - Comics promote gender stereotypes. S10 - Young people should not read comics.

S11 - Comics do not belong in the school environment. 1 -1 do not agree at all. 2 - | do not agree. 3 - |
neither agree nor disagree. 4 - | agree. 5 - | very much agree. 6 - No answer.

The Slovenian language teachers’ attitudes towards the introduction of
comics as an art-literary type of text in the literacy curriculum are categorised
in Table 4. According to the responses, the teachers’ attitudes were categorised
as positive or negative. Most of the teachers did not justify their opinions, but
those who did justified their views with the objectives of the curriculum. One
fifth of the teachers did not answer the question. The responses of the teachers

who wrote a response reflected a lower level of knowledge in this area.
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Table 4

Number (f) and structural percentage (f%) of expressed views of teachers about
their attitudes towards the introduction of comics as an art-literary type of text
in the literary curriculum

Teachers’ views f %
Positive attitude related to the goals of the literary curriculum. 30 21.6
Positive attitude related to the goals of the language part of the curriculum. 5 3.6
Positive attitude related to the beliefs of the teacher. 2 14
Positive attitude under certain conditions. 7 5.0
Positive attitude. 56 40.3
Neutral position. 6 4.3
No answer. 33 23.8
Sum 139 100.0

The same applies to the teachers’ attitudes towards the use of comics as
a didactic method in literature classes (Table 5). Most of the teachers expressed
positive opinions about the use of comics. In most cases, the teachers did not
state reasons for their position, and if they did they expressed their reasons
vaguely. About a third of the teachers did not answer the question. When we ex-
amined the responses more closely, we again concluded that the teachers were
unaware of the field of comics.

Table 5
Number (f) and structural percentage (f%) of expressed views of teachers about
their attitudes towards the use of comics as a literary-didactic method in literature

classes
Teachers’ views f %
Positive attitude. 64 46.0
Positive attitude related to the goals of the literary curriculum. 2 14
Positive attitude related to the goals of the language part of the curriculum. 2 1.4
Positive attitude emanating from students. 5 3.6
Positive attitude resulting from the multimodal/cultural characteristics of comics. 1 7
Positive attitude under certain conditions. 2 1.4
Neutral position. 5 36
Negative attitude (time consuming). 4 2.9
| don’t know the method, | don’t use it. 5 3.6
No answer. 49 353

Sum 139 100.0
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The frequency of responses showing the teachers’ attitudes towards the
introduction of comics as an art-literary type of text in the literary curriculum
and towards the use of comics as a literary-didactic method in literature classes
is consistent with previous research (Kerneza, 2020), which indicates that the
teachers have positive attitudes towards the use of comics in the classroom, but
do not know how to justify their attitudes. This may indicate insufficient com-
petencies for teaching with comics or using a comic book.

Instruments

In order to test the research questions and hypotheses, a descriptive
and causal-non-experimental method of quantitative empirical educational re-
search was used. We approached answering the research questions comprehen-
sively by using a questionnaire, which gave us a large and representative sample
of teachers. In accordance with the objectives of the quantitative approach, we
chose the direct technique, a four-part questionnaire.

In the first part of the survey, the teachers provided general information
about themselves, which we used as independent variables: gender, educational
period taught, professional experience, field of study, highest level of education
completed, source of skills related to the introduction of comics in the class-
room, reading habits, attitudes towards reading comics and agreement with
stereotypical claims about comics

In the second part of the questionnaire, the teachers assessed the extent
to which they agree (1 - I do not agree at all. 2 - I do not agree. 3 — I neither
agree nor disagree. 4 — I agree. 5 — I very much agree. 6 - No answer.) with the
stated stereotypical statements about comics, which were arranged in a random
order: comics are less worthy or worthless literature, comics represent low culture,
comic art is diverse and rich, comics are first-class graphic text, comics are for kids
only, comics are just for nerds, all comics include superheroes, comics promote
racial stereotypes, comics promote gender stereotypes, young people should not
read comics, and comics do not belong in the school environment. Attitudes are
most commonly measured with Likert scale questionnaires (Taherdoost, 2019).

In the third part, the teachers answered two open-ended questions. They
were asked about their views on the introduction of comics as an art-literary
type of text in the literary curriculum and about their attitudes towards the use
of comics as a literary-didactic method in literature classes.

The questionnaire was checked by relevant experts and tested on a sam-
ple of ten Slovenian language teachers. The validity, reliability and objectiv-
ity of the questionnaire were ensured. The reliability of the rating scales was
checked using the Cronbach’s alpha (a) coeflicient. It was found that the scales
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are reliable (a = .603 for the teachers’ reading habits rating scale; a = .603 for the
teachers’ stereotypical attitudes rating scale).

Research design

A web link to the questionnaire was sent to all Slovenian public and
private primary schools, together with a request for participation, while a link
to the survey was also posted on social networks.

The data from the questionnaires were statistically processed according
to the objectives and predictions of the survey using the statistical software
package SPSS for Windows. Descriptive statistics (frequencies and structural

percentage) were used, as well as the chi-squared test.
Results

Introduction of comics as an art-literary type of text in the literary

curriculum

We were interested in factors that influence Slovenian language teachers’
attitudes towards the introduction of comics as an art-literary type of text in
the literary curriculum, and which stereotypical attitudes of Slovenian language
teachers influence their decision. The results presented in Table 6 show no sta-
tistically significant differences in this context.

Table 6

The results of the chi-squared test of differences in terms of Slovenian language
teachers’ attitudes towards the introduction of comics as an art-literary type of
text according to the factors studied

Factor X P

Educational period 25.815 104
Professional experience 13.844 739
Field of study 8.221 .768
Highest level of education completed 23.287 503
Source of skills related to the introduction of comics in the classroom 33.925 .568
Reading habits until adulthood 24.421 142
Reading habits today 22.921 524
Frequency of reading comics until adulthood 21.412 614
Frequency of reading comics in adulthood 31.560 138
Attitude towards reading comics until adulthood 20.045 915

Attitude towards reading comics in adulthood 17.804 .812
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When investigating the influence of the stereotypical attitudes of Slove-
nian language teachers in relation to the introduction of comics as an art-liter-
ary type of text, only the correlation with the stereotype that comics represent
low culture was statistically significant (Table 7).

Table 7

The results of the chi-squared test of differences in terms of Slovenian language
teachers’ attitudes towards the introduction of comics as an art-literary type of
text in the literary curriculum

Stereotypical attitudes X P

Comics are less worthy or worthless literature. 22.767 .200
Comics represent low culture. 30.769 .031
Comic art is diverse and rich. 15117 917
Comics are first-class graphic texts. 9.746 940
Comics are for kids only. 11.368 .878
Comics are just for nerds. 12.494 .821
All comics include superheroes. 19.822 .707
Comics promote racial stereotypes. 16.485 .559
Comics promote gender stereotypes. 16.042 .590
Young people should not read comics. 16.300 572
Comics do not belong in the school environment. 12.946 795

A more detailed analysis, presented in Table 8, shows that the teachers
who disagree with the claim that comics represent low culture are mostly posi-
tive about the introduction of comics as part of the literature curriculum, and
that slightly less than one third of the teachers express positive opinions in rela-
tion to the goals of the literature curriculum. Most of the teachers who disagree
with the statement give a positive opinion, while a positive opinion is associated
with a positive attitude related to the goals of the literature curriculum.
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Table 8

Number (f) and structural percentage (f%) of teachers according to their attitude
towards the introduction of comics as an art-literary type of text in the literary
curriculum by agreement with the statement that comics represent low culture

Agreement 1 2 3 4 5 Sum
Attitude f % f % f % f % f % f %
S1 19 138 8 6.0 3 2.2 0 0 0 0 30 217
S2 2 15 2 15 1 7 0 0 0 0 5 36
S3 2 15 0 0 0 0 0 0 0 0 2 1.5
S4 4 2.9 2 15 1 7 0 0 0 0 7 51
S5 30 217 19 138 7 51 0 0 0 0 56 406
S6 3 2.2 1 7 1 7 0 0 0 0 6 43
S7 n 80 16 16 5 36 1 7 0 0 32 232
Sum 71 514 48 348 18 130 1 7 0 0 138 100.0

Note. 1- 1 do not agree at all. 2 - | do not agree. 3 - | neither agree nor disagree. 4 - | agree. 5 - | very
much agree. S1 - Positive attitude related to the goals of the literary curriculum. S2 - Positive attitude
related to the goals of the language part of the curriculum. S3 - Positive attitude related to the beliefs
of the teacher. S4 - Positive attitude under certain conditions. S5 - Positive attitude. S6 - Neutral
position. S7 - No answer.

The results obtained should be considered from the perspective of the re-
search of Alexio et al. (2020), who noted three different teacher views on com-
ics in education: comics are considered a medium of childrens entertainment
and are not related to educational practice; if comics are used in education, they
should be used primarily with students who need additional support; comics
represent a ‘missed opportunity in education’ and have not reached their full po-
tential due to the lack of comic resources for use in the classroom. The idea that
comics represent low culture, an assertion that had statistically significant results,
shows that culture covers a wide range (the term culture includes all products of
an individual, group or society of intelligent beings) and can also include negative
attitudes towards comics, as presented in the aforementioned study (Alexio et al.,
2020), showing the relatedness between culture and attitudes, and confirming
that teachers evaluate comics through the culture of society.

The use of comics as a literary-didactic method in literature classes

We were also interested in factors that influence Slovenian language
teachers’ attitudes towards the use of comics as a literary-didactic method in
literature classes and which stereotypical attitudes of Slovenian teachers influ-
ence their literature teaching.
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As in the analysis of the influence of the research factors on the attitude
of Slovenian language teachers towards the introduction of comics as an art-
literary type of text as part of the literature curriculum, there is no statistical
effect of the studied factors on the attitudes of teachers to the use of comics as a

literary didactic method in literature classes (Table 9).

Table 9

The results of the chi-squared test difference in terms of Slovenian language
teachers’ attitudes towards the introduction of comics as a literary-didactic
method in literature classes according to the factors studied

Factor X P

Educational period 28.798 371
Professional experience 38.237 .074
Field of study 14.439 700
Highest level of education completed 27139 .856
Source of skills related to the introduction of comics in the classroom 59.486 .283
Reading habits until adulthood 20.062 .828
Reading habits today 20.794 .980
Frequency of reading comics until adulthood 43,995 169
Frequency of reading comics in adulthood 28.41 .812
Attitude towards reading comics until adulthood 29.084 .968
Attitude towards reading comics in adulthood 28.474 .810

In the stereotypical attitudes of Slovenian language teachers towards the
use of comics as a literary-didactic method in literature classes, there are statis-
tically significant differences in agreement with the assertions that comics are

diverse and rich, that young people should not read comics, and that comics do

not belong in school (Table 10).
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Table 10
The results of the chi-squared test of Slovenian language teachers’ stereotypical
attitudes towards the use of comics as a literary-didactic method in literature

classes

Stereotypical attitudes X P

Comics are less worthy or worthless literature. 27.696 427
Comics represent low culture. 36.065 N4
Comic art is diverse and rich. 107.402 .000
Comics are first-class graphic texts. 38.181 .075
Comics are for kids only. 17.287 924
Comics are just for nerds. 32.514 214
All comics include superheroes. 41125 .256
Comics promote racial stereotypes. 35.665 123
Comics promote gender stereotypes. 35.768 120
Young people should not read comics. 58.622 .000
Comics do not belong in the school environment. 50.174 .004

The results presented in Table 11 show that most teachers who consider
that comic art is diverse and rich have a positive attitude towards comics. Other
responses are scattered among the views expressed.

Table 11

Number (f) and structural percentage (f%) of teachers according to their attitude
towards the introduction of comics as a literary-didactic method in literature
classes by agreement to the statement that comic art is diverse and rich

Agreement 1 2 3 4 5 Sum
Attitude f % f % f % f % f % f %
S 0 .0 0 .0 7 50 33 237 24 173 64 460
S2 0 .0 0 .0 0 .0 0 .0 2 14 2 14
S3 0 .0 0 .0 0 .0 0 .0 2 14 2 14
S4 0 .0 0 .0 1 7 4 2.9 0 .0 5 4.6
S5 0 .0 0 .0 0 .0 1 7 0 .0 1 7
S6 1 7 0 .0 0 .0 1 7 0 .0 2 14
S7 0 .0 0 .0 0 .0 3 2.2 2 14 5 4.6
S8 0 .0 0 .0 3 2 1 7 0 .0 4 2.9
S9 0 .0 0 .0 0 .0 1 7 4 2.9 5 4.6
S10 0 .0 1 7 4 9 31 223 13 101 49 324
Sum 1 7 0 .0 15 108 75 540 47 345 139 100.0

Note. 1- | do not agree at all. 2 - | do not agree. 3 - | neither agree nor disagree. 4 - | agree. 5 - | very
much agree. S1 - Positive attitude. S2 - Positive attitude related to the goals of the literary curriculum.
S3 - Positive attitude related to the goals of the language part of the curriculum. S4 - Positive
attitude emanating from students. S5 - Positive attitude resulting from the multimodal/cultural
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characteristics of comics. S6 - Positive attitude under certain conditions. S7 - Neutral position. S8 -
Negative attitude (time consuming). S9 - | don’t know the method; | don’t use it. S10 - No answer.

Most of the teachers interviewed disagree with the statement that young
people should not read comics. Moreover, most of those who disagree with this
statement also expressed a positive attitude towards the use of comics as a
literary-didactic method in the classroom, and half as many teachers did not
answer the question (Table 12).

Table 12

Number (f) and structural percentage (f%) of teachers according to their
attitude towards the introduction of comics as a literary-didactic method in
literature classes by agreement to the statement that young people should not
read comics

Agreement 1 2 3 4 5 Sum
Attitude f % f % f % f % f % f %
S1 49 324 14 101 1 7 0 .0 0 .0 64  46.0
S2 2 1.4 0 .0 0 .0 0 .0 0 .0 2 14
S3 2 1.4 0 .0 0 .0 0 .0 0 .0 2 14
S4 3 2.2 2 14 0 .0 0 .0 0 .0 5 4.6
S5 0 .0 1 7 0 .0 0 .0 0 .0 1 0.7
S6 1 7 1 7 0 .0 0 .0 0 .0 2 14
S7 4 29 0 .0 1 7 0 .0 0 .0 5 4.6
S8 1 0.7 1 7 2 14 0 .0 0 .0 4 2.9
S9 5 4.6 0 .0 0 .0 0 .0 0 .0 5 4.6
S10 25 18.0 23 16.5 0 .0 1 7 0 .0 49 324
Sum 92 643 42 301 4 2.9 1 7 0 .0 139 100.0

Note. 1-1do not agree at all. 2 - | do not agree. 3 - | neither agree nor disagree. 4 - | agree. 5 - | very
much agree. S1 - Positive attitude. S2 - Positive attitude related to the goals of the literary curriculum.
S3 - Positive attitude related to the goals of the language part of the curriculum. S4 - Positive
attitude emanating from students. S5 - Positive attitude resulting from the multimodal/cultural
characteristics of comics. S6 - Positive attitude under certain conditions. S7 - Neutral position. S8 -
Negative attitude (time consuming). S9 - | don’t know the method; | don’t use it. S10 - No answer.

Most of the teachers who disagreed with the statement that comics do
not belong in the school environment also expressed a positive attitude towards
the use of comics as a literary-didactic method in the classroom (Table 13).
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Table 13
Number (f) and structural percentage (f%) of teachers according to their attitude
towards the introduction of comics as a literary-didactic method in literature

classes by agreement to the statement that comics do not belong in the school

environment
Agreement 1 2 3 4 5 Sum
Attitude f % f % f % f % f % f %
S1 45 324 18 13.0 1 7 0 .0 0 .0 64 46.0
S2 2 14 0 .0 0 .0 0 .0 0 .0 2 1.4
S3 2 14 0 .0 0 .0 0 .0 0 .0 2 14
S4 3 2.2 2 14 0 .0 0 .0 0 .0 5 4.6
S5 0 .0 1 7 0 .0 0 .0 0 .0 1 7
S6 1 7 1 7 0 .0 0 .0 0 .0 2 14
S7 1 7 3 2.2 1 7 0 .0 0 .0 5 4.6
S8 1 7 1 7 2 4 0 .0 0 .0 4 2.9
S9 4 2.9 1 7 0 .0 0 .0 0 .0 5 4.6
S10 19 13.7 28 20.1 1 7 1 7 0 .0 49 324
Sum 78 56.1 55 39.5 5 4.6 1 7 0 .0 139 100.0

Note. 1- 1 do not agree at all. 2 - | do not agree. 3 - | neither agree nor disagree. 4 - | agree. 5 - | very
much agree. S1 - Positive attitude. S2 - Positive attitude related to the goals of the literary curriculum.
S3 - Positive attitude related to the goals of the language part of the curriculum. S4 - Positive
attitude emanating from students. S5 - Positive attitude resulting from the multimodal/cultural
characteristics of comics. S6 - Positive attitude under certain conditions. S7 - Neutral position. S8 -
Negative attitude (time consuming). S9 - | don’t know the method; | don’t use it. S10 - No answer.

Comics are widely used as a didactic method to achieve the curriculum
goals in the classroom and are generally accepted as a didactic method that can
be used in the classroom in a variety of subjects and domains (e.g., Chu & Toh,
2020; Matuk et al.,, 2019; Sagri et al., 2019). This is consistent with the findings
of our study showing that teachers who expressed positive attitudes towards the
use of comics as a literary-didactic method in the classroom disagreed with the
statement that comics do not belong in the school environment.

Discussion

The study shows that the factors of gender, educational period taught,
professional experience, field of study, highest level of education completed,
source of skills related to the introduction of comics in the classroom, teachers’
reading habits and their attitudes towards reading comics, and agreement with
stereotypical claims about comics have no influence on Slovenian language
teachers’ attitudes towards the use of comics in literature classes, either in the
form of an art-literary type of text or in the form of a literary-didactic method.
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Statistically significant differences appeared only when teachers’ stereotypical
attitudes towards comics were introduced as a variable. The analysis shows a
statistically significant difference between teachers who agreed with the intro-
duction of comics as an art-literary type of text in the case of the claim that
comics represent low culture. The attitudes towards claims about comics that
influence attitudes towards the use of comics as a literary-didactic method are:
comic art is diverse and rich, young people should not read comics and comics do
not belong in the school environment. Many of the questions either remained
unanswered or the teachers did not provide an answer corresponding to the
question asked. It was found that teachers do not understand the difference
between the two researched uses of comics, nor can they confidently place the
researched uses of comics in the curriculum. Since comics are part of the Slove-
nian language curriculum (Poznanovi¢ Jezersek et al., 2018), there is an urgent
need to train teachers in the field of using comics in Slovenian language teach-
ing, where we can apply the method mentioned by Schoenfeld (2020), that is,
by influencing teachers’ perceptions, inclinations and orientations in the field
of using comics in Slovenian language teaching. How can this be achieved?
Since both picture books and comics are multimodal texts (Bati¢ & Haramija,
2014), picture books and teachers’ knowledge about picture books would be an
important tool to influence teachers’ attitudes towards comics.

We can now answer the research questions. Slovenian language teachers’
attitudes towards the introduction of comics as an art-literary type of text in the
literary curriculum are predominantly positive. They are most often associated
with the aims of the literary curriculum and are influenced by teachers’ stereo-
typical attitudes towards the claim that comics represent low culture. Fewer teach-
ers supported the use of comics as a literary-didactic method in the classroomy;
the answers were more scattered and more teachers expressed a negative opinion,
stating that they do not know the method and therefore do not use it. This is also
reflected in the teachers’ responses, as most of them simply stated that they have a
positive attitude towards the use of comics as a literary-didactic method, without
giving any further reasons for their decision. The results show that the attitude
of Slovenian language teachers towards the use of comics as a literary-didactic
method is influenced by their attitude towards claims that comic art is diverse and
rich, young people should not read comics and comics do not belong in the school
environment. The results also confirm the assumption that stereotypical attitudes
towards comics still exist among teachers (Kerneza, 2016).

The results presented partially confirm the hypothesis. The most impor-
tant finding of the study is that teachers’ concerns about the use of comics in the
classroom are mainly due to insufficient knowledge about the researched ways
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of including comics in the literature classroom. Block (2013) also notes that the
majority of teachers use graphic novels at most once a year, even though they
believe this text format is useful and motivates students. Most teachers have
not received training on the use of graphic novels and indicate that they would
probably use them more often if they had more knowledge about them. The
specified data contrasts with the research of Bati¢ (2021) on the use of picture
books, which shows that teachers have no problems selecting suitable picture
books for use in the classroom. This highlights the need for quality educational
programmes. In order to reach the widest possible range of teachers, it would
be appropriate to familiarise pre-service teachers with quality (didactic) comic
contents. Since a comic consists of a picture and a text, this training should cov-
er both concepts: the artistic one that students should learn in art classes, and
the literary one that students should learn in literature classes. For in-service
teachers (and pre-service teachers) we see great value in sharing best practices,
whereby teachers who have a good, positive and unencumbered attitude to-
wards comics would most likely share their experience and knowledge of using
comics in Slovenian language classes. Research shows the influence of enthu-
siasm on student performance (Mahler et al., 2018), which could be the most
important element to influence teachers’ perception, inclination and orienta-
tion (Schoenfeld, 2020) towards comics. The findings are consistent with the
previously discussed findings of Abdulrauf et al. (2016) that teachers” subject
knowledge and skills are closely related to the their views and the transmis-
sion of their views to their students (Zhang et al., 2018). Teachers’ confidence is
stronger when we talk about comics as an art-literary type of text. Comics as a
literary-didactic method are not sufficiently known among teachers to be able
to confidently report their use in literature classes and teachers are hesitant to
use them due to their lack of knowledge.

Conclusion

The present study attempts to address gaps in the research on teachers’
attitudes towards the use of comics in Slovenian language classes. It extends the
limited research on understanding teachers’ attitudes towards the introduction
of comics and literature instruction in primary school. It is also one of the first
studies to address specific stereotypical attitudes towards comics, and it has
even greater relevance to the field of the use of comics in literature instruction,
as — to the best of authors’ knowledge and based on a search of peer-review
databases — no previous research has examined teachers’ attitudes towards the
use of comics in native language instruction. This is especially important since
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it was found that teachers do not have enough knowledge about the two forms
of comic use in the classroom: they do not distinguish between comics as an
art-literary type of text and comics as a didactic method. The teachers’ respons-
es are therefore questionable at some points of the research, as they may not
have interpreted the above uses of comics correctly. The results reflect the great
need for teacher training to enable teachers to use and introduce comics in all
forms in literature classes. Two target groups are proposed in identifying the
need for additional teacher training. The first is future teachers of Slovenian
language, who, through well-designed didactic units, can learn that comics can
also be texts of literary and artistic quality. Another way to promote teachers’
positive opinions about the use of comics in Slovenian language teaching is to
share the best practices of teachers who already use comics in their teaching.
These teachers could, through their good example and enthusiasm, adequately
motivate other teachers to use comics as an art-literary type of text as part of
the literature curriculum and as a literary-didactic method in literature classes.
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~> The quality of educational work is inextricably linked to many factors at
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nian Research Agency. This paper provides a basic overview of the char-
acteristics of open instruction, an umbrella term that combines active
and learner-centred didactic strategies. The empirical section focuses
on the use of didactic strategies. The survey was carried out with 1,536
primary school* pupils in Grades 7 and 9 and 263 of their teachers. Both
pupils and teachers cited problem-based learning and research-based
learning as the most commonly used didactic strategies, while project-
based learning was the least frequently used. Despite the agreement on
the most and least frequently used didactic strategies, there are statisti-
cally significant differences between pupils’ and teachers’ perceptions of
all selected didactic strategies. Teachers reported that they used these
strategies more often than was perceived by their pupils. We also found
a statistically significant impact of better learning performance on the
perception of certain didactic strategies. The results of the study raise
new research questions, especially in the design of more detailed analy-

ses of the use of didactic strategies in pedagogical practice.
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Zaznavanje strategij pouka med ucenci in ucitelji v
osnovni $oli

MONIKA MITHANS, JOCA ZURC IN MILENA IVANUS GRMEK

Kakovost vzgojno-izobrazevalnega dela je nelocljivo povezana s tevil-
nimi dejavniki na ravni sistema, Sole, uciteljev in ucencev. Raziskava,
katere del predstavljamo v tem prispevku, je potekala v okviru projekta
Izobrazevanje uditeljev kot dejavnik zagotavljanja kakovostnega vsezi-
vljenjskega ucenja v uceci se druzbi/v druzbi hitrih druzbeno-gospodar-
skih sprememb in negotove prihodnosti, ki ga je financirala Javna agen-
cija za raziskovalno dejavnost Republike Slovenije (ARRS). Prispevek
ponuja grob pregled znacilnosti odprtega pouka, ki kot nadpomenka
zdruzuje aktivne in v u¢ence usmerjene strategije pouka. V empiri¢nem
delu smo pozornost usmerili v preucevanje pogleda ucencev in uciteljev
na uporabo strategij pouka v pedagoski praksi. V raziskavi je sodelova-
lo 1.536 ucencev 7. in 9. razreda osnovne Sole in 263 njihovih uciteljev.
Ugotovili smo, da u¢enci in uitelji kot najpogosteje uporabljeni strate-
giji pouka navajajo problemski in raziskovalni pouk, najredkeje pa se po
mnenju obojih pojavlja projektni pouk. Kljub enotnosti o najpogosteje
in najredkeje uporabljenih strategijah pouka med ucenci in uditelji pri-
haja do statisticno znacilnih razlik v zaznavanju vseh strategij pouka.
Ucitelji namre¢ navajajo, da omenjene strategije uporabljajo pogosteje,
kot to zaznavajo njihovi u¢enci. Ugotovili smo tudi statisti¢no znacilen
vpliv boljsega u¢nega uspeha na zaznavanje nekaterih strategij pouka.
Izsledki nase raziskave odpirajo nova raziskovalna vprasanja, predvsem
pri na¢rtovanju podrobnejsih analiz uporabe strategij pouka v pedago-

$ki praksi.

Klju¢ne besede: u¢ni uspeh, strategije pouka, osnovna $ola, aktivnost
ucencev
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Introduction

Education and knowledge are indispensable assets and prerequisites for
successful social and economic development. This is why there is increasing
demand for more effective learning and teaching processes (Pelc, 2008).

Experts agree that pupils should be active participants in the educa-
tional process (Alvia & Gillies, 2020; Mithans, 2017; Mithans et al.,, 2017) in
subjects with the possibility for active participation (Blazi¢ et al., 2003; Mithans
& Ivanu$ Grmek, 2012).

Consequently, the role of the teacher, who was once the sole source and
transmitter of knowledge (Holt-Reynolds, 2000), must also change (Kalin et
al,, 2017; Tahirsylaj et al., 2021). In a knowledge society, it is the teacher’s ef-
fectiveness that is key to the effectiveness of the entire education system (Yar
Yildirim, 2021). Therefore, teachers need to strive continuously to improve
their educational work (Sorgo & Heric, 2020), to educate themselves through-
out their careers, and to upgrade their knowledge (Torres-Cladera et al., 2021).
The teacher is no longer merely a transmitter of knowledge. Increasingly, the
role of the teacher is that of facilitator, animator and organiser of a stimulating
learning environment, mentor, and promoter of independent learning (Cenci¢
etal,, 2008). Research shows that learning results are mainly determined by the
quality of teaching (Hattie, 2008; Rowe, 2003; Timperley & Alton-Lee, 2008).
It is, therefore, important that the teacher motivates and empowers pupils to
learn independently and chooses didactic strategies that put them in the role of
active agents (Kalin et al., 2017). The ability to use a variety of didactic strate-
gies is thus one of the most important characteristics of an effective teacher
(AgwuUdu, 2019).

The main purpose of this study is to identify the factors that contribute
to the quality of educational work in primary schools. In this article, we will an-
swer the question of which didactic strategies are most used in the upper grades
of Slovenian primary schools and how the perception of them is influenced by
academic performance.

Didactic Strategies

A strategy is ‘a deliberate, planned process for achieving a set goal that
guides one’s overall behaviour’ (Valenci¢ Zuljan & Kalin, 2020, p. 117). Similarly,
didactic strategies concretise teachers’ and pupils’ learning activities towards
achieving educational goals (Valen¢i¢ Zuljan & Kalin, 2020) and represent
teachers” planned selection of teaching methods and forms (Strm¢nik, 2001).
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According to Valenci¢ Zuljan and Kalin (2020), the didactic strategy in-
cludes both traditional teaching (direct instruction) and different types of open
instruction (Blazic¢ et al., 2003; Peschel, 2010).

In our study, we rely on the definition developed by Blazic¢ et al. (2003),
which sees open instruction as a superset of, characterised by teachers not
sticking rigidly to learning objectives, content, and methods but adapting them
to the interests and abilities of their pupils. Modern didactic strategies focus on
the life of the local community and on pupils’ anticipation and participation in
learning.

In the view of Blazi¢ et al. (2003), these principles and other character-
istics of open instruction are most clearly reflected in didactic strategies such
as experiential learning, research-based learning, project-based learning, prob-
lem-based learning, action-oriented learning, cross-curricular learning, among
others. These didactic strategies require teachers to teach actively and pupils
to learn actively (Blazi¢ et al., 2003; Ivanu$ Grmek et al., 2009) and to coop-
erate with each other. They put the learner at the centre, giving them greater
autonomy to learn and offering self-paced and personalised learning. As a con-
sequence, these didactic strategies positively impact the sustainability and us-
ability of knowledge and on, the development of creativity and critical thinking
and contribute to the development of lifelong learning competences (Alvia &
Gillies, 2020; Cencic¢ et al., 2008; Filippatou & Kaldi, 2010; McPherson-Geyser
et al., 2020). Their main goal is to enable the learner to play an active role in
shaping his or her own learning (Cencic¢ et al., 2008).

These didactic strategies share a tendency to link learning to pupils’
prior knowledge and experiences, as well as to the learners’ present. Pupils
are given the opportunity to participate according to their abilities, which also
helps to reinforce the principles of inclusive education (Alvia & Gillies, 2020;
Filippatou & Kaldi, 2010).

Through didactic strategies, pupils learn new content in an active way by
justifying their ideas, giving reasons for the correctness of the solutions given,
and contributing to higher-quality learning outcomes through independent in-
quiry and reflection (Ivanu$ Grmek et al., 2009).

By incorporating pupils’ preferences and needs, these didactic strate-
gies make a decisive contribution to increasing learning motivation and, con-
sequently, learning performance (Ing et al., 2015). Other researchers have also
shown a positive correlation between pupil activity and pupil performance
(Fredricks et al., 2004). Keeping pupils highly engaged and active during les-
sons is one of the most important and challenging tasks for a teacher (Kozina &
Vrsnik Perse, 2015); this skill is still not sufficiently implemented in pedagogical
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practice (Crook & Cox, 2022; Deslauriers et al., 2019; Mithans, 2017; Mithans et
al., 2017; Mithans & Ivanu$ Grmek, 2019).

The positive effects of open instruction on learning performance, self-reg-
ulation skills, critical thinking development, participants’ attitudes, and similar
factors are evidenced by the results of numerous studies (Alvia & Gillies, 2020;
Cotic et al., 2020; Darhim et al., 2020; Fernandes, 2021; Ferrero et al., 2021; Harris
& Bilton, 2019; Kaldi et al., 2009; Lazi¢ et al., 2021; Sutrisna & Artini, 2020). How-
ever, for reasons of time efficiency and control over classroom work, traditional
frontal teaching remains the dominant pedagogical practice (PleSec Gasparic,
2019); it is effective for achieving basic knowledge but less effective for learning
more complex and creative content (Valenci¢ Zuljan & Kalin, 2020).

In the face of the constant changes and challenges of the present for the
wider community, learner-centred teaching, made possible by open instruc-
tion, must find its way into pedagogical practice: to achieve all the goals of the
educational process, it is necessary to combine different didactic strategies at
all levels of education and to choose them according to the individual charac-
teristics of the pupils.

The didactic competence of teachers and their willingness to improve
continuously in this area is essential for the successful implementation and
combination of didactic strategies that will truly enable the acquisition of in-
depth knowledge and foster criticality and creativity. According to Revelle
(2019), teachers play a central role in introducing new or different didactic
strategies.

Research Problem and Aims

The results of our previous research indicate that student participation
remains a challenge (Mithans et al., 2017) and that student participation also
largely depends on open instruction (Mithans & Ivanu$ Grmek, 2019).

Based on the benefits of open instruction, we were interested in which
didactic strategies are most commonly used in the upper grades of Slovenian
primary schools. We focused on pupils’ perceptions of didactic strategies and
on teachers’ self-assessment of their use of particular didactic strategies. We
were also interested in the role of the pupil’s school performance in the percep-
tion of these strategies. The two initial hypotheses were as follows:

Hi:  There are statistically significant differences between primary school pu-
pils’ and teachers’ perceived frequency of use of didactic strategies.

H2:  School performance is a statistically significant indicator of differences
in the perceived frequency of use of didactic strategies in pupils.

229



230 PERCEPTIONS OF DIDACTIC STRATEGIES AMONG PUPILS AND TEACHERS IN PRIMARY SCHOOL

Method

The research is based on a survey methodology, using a questionnaire

for pupils in Grades 7 and 9 in Slovenian primary schools and their teachers.

Sample of respondents

The survey was carried out with 1,536 primary school pupils in Grades 7
and 9 and 263 of their teachers. A random stratified representative sample was
selected, including all 12 Slovenian statistical regions, with a random selection
of 5 per cent of all primary schools in the Republic of Slovenia as the criterion.
The demographic characteristics of the pupils and their teachers are shown in
Tables 1 and 2.

Table 1
Demographic characteristics of the sample of pupils

Characteristic n f% M (SD) Min.-Max.
Girl 792 517

Gender / /
Boy 739 483
12 379 24.8
13 416 27.2

13.46

Age (years) 12-15
14 381 250 (M0
15 351 23.0
7 820 53.4

Grade / /
9 716 46.6

Note. M = mean; SD = standard deviation; / = could not be calculated given the nature of the test

variables.

Nearly equal proportions of female pupils (51.7%) and male pupils
(48.3%) participated in the survey. The average age of the respondents was 13.46
years. There was a slightly higher proportion of pupils aged 13 (27.2%) and 14
(25%) and a slightly lower, but evenly distributed, proportion of pupils aged 12
and 15. By grade, the respondents came from Grades 7 and 9 of primary school,
with a slightly higher proportion of Grade 7 pupils (53.4%) (Table 1).
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Table 2
Demographic characteristics of the sample of teachers

Characteristic n* f% M (SD) Min.-Max.
Women 214 81.7
Gender / /
Men 48 18.3
25-35 44 16.7
36-45 92 351
Age (years) 4955922 25-66
46-55 67 256 (992
56 and over 59 225
Without promotion 50 19.2
Professional Mentor 83 31.8 / /
title Advisor 101 387
Counsellor 27 10.3
Teacher education 246 943
Formal ) / /
education Non-teaching 5 57
degree with PAI :
Foreign languages 41 15.6
Slovenian 30 n4
Mathematics 25 9.5
Subject area / /
Sport 30 n4
Arts courses 21 8.0

Study orientations 16 44]

Note. M = mean; SD = standard deviation; / = could not be calculated given the nature of the test
variables.

* There is a discrepancy in the demographic characteristics of the sample, with some teachers not
answering all demographic questions.

Table 2 shows that 81.7 per cent of the teachers participating in the sur-
vey were female and 18.3 per cent were male. The average age of the respondents
was 45.9 years, with a standard deviation of 10 years, which means that most
of the teachers surveyed were aged between 36 and 56 years. This is confirmed
by the frequency distribution of age groups, which places 60.7 per cent of the
teachers surveyed in the 36-55 age group. The oldest teacher in the study was 66
years and the youngest 25 years. Most of the participants had already achieved
the title of Advisor (38.7%) or Mentor (31.8%). The majority of the teachers
(94.3%) had completed teacher-training degree programmes, while 5.7 per cent
of the teachers surveyed had obtained their teaching qualifications through the
Pedagogical-Adult Education (PAI) programme.
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Measuring Instrument

A closed-ended questionnaire was used to collect the data. There were
two versions of the questionnaire: one to be completed by the pupils and one
by their teachers. Both questionnaires included demographic questions such as
gender and age in the introductory part.

For pupils, the demographic section was complemented by questions
on the school grade and final grades in Slovenian, mathematics and the first
foreign language. Based on the final grades collected, a new variable, ‘academic
performance; was created for further analysis, representing the overall average
score of the final grades in the three subjects. The demographic section of the
teacher questionnaire also included questions on the professional title, type of
formal education received, and subject(s) taught.

The demographic questions were followed by 14 variables defining di-
dactic strategies. The set of these variables was identical on both versions of the
questionnaire, with a slight difference in the format to address each group of
respondents adequately. Pupils and teachers rated the frequency of use of the
selected didactic strategies on a three-point scale (3 = frequently, 2 = rarely, 1=
never). The measurement instrument was tested in a case study in the north-
eastern part of the Republic of Slovenia.

Table 3 shows the results of the calculated Cronbach alpha coefficients,
which were used to assess the reliability of the questionnaires by scale. For all
three rating scales studied, we found adequate reliability of the data collected, as
Cronbach’s alpha coefficient showed values ranging from 0.78 to 0.84, thus con-
firming adequate reliability of the questionnaire for both pupils and teachers.

Table 3

Assessing the reliability of the questionnaire on pupils’ perceptions of didactic
strategies and school performance and the questionnaire on teachers’ self-
assessment of their use of didactic strategies

Rating scale Number of variables (n)  Cronbach’s alpha
Didactic strategies 14 0.797
Pupils
Academic performance 3 0.835
Teachers Didactic strategies 14 0.780

Data Collection Process and Ethical Considerations

Data collection took place from May to June 2019, using a face-to-face
approach (paper-pencil) in the primary schools included in the survey. The
data collection was carried out with the help of school coordinators, who
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helped us to carry out the survey. The coordinators worked with the teachers,
collected the questionnaires, and helped with the organisational arrangements
for the survey.

All data collection was carried out in accordance with the fundamental
approaches of research ethics, such as anonymity, voluntary participation, and
the possibility to withdraw from the research at any time without consequences
for the participant. For all pupils surveyed, parents or legal guardians gave writ-
ten consent to participate in the survey before data collection began.

Data Analysis Methods

All analyses were carried out using SPSS statistical software, version
26.0. Firstly, measures of descriptive statistics were calculated for all variables.
Depending on the type of variable, we calculated frequencies and percentages
(nominal and ordinal variables), as well as calculated measures of the front val-
ues and the dispersion of the data (means, standard deviations, minimum and
maximum, skewness and kurtosis). Further analyses were performed to check
whether the conditions for inferential statistics were met, such as Cronbach’s
alpha coefficients to determine the reliability of the data, the Kolmogorov-
Smirnov test for normality of distribution, Pearson’s correlation coefficient, and
a scatter plot to determine the linear dependence between variables.

In the next step, the variables assessing the didactic strategies were
grouped into categories using qualitative categorical analysis. The 14 statements
assessed were grouped into the following five didactic strategies: experiential
learning (n=4), problem-based learning (n=3), research-based learning (n=3),
cross-curricular learning (n=2) and project-based learning (n=2).

To test the hypotheses, we used linear regression and t-tests for depend-
ent samples. Differences at p < 0.05 were considered statistically significant.
The interpretation of the results also took into account the effect sizes of the
statistical tests (Cohen’s d, beta).
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Results
Pupils’ and Teachers’ Perceptions of Didactic Strategies

Table 4
Comparison between pupils’ and teachers’ perceptions of didactic strategies

Pupils Teachers
Didactic strategy t (p) Cohen’s d
M (SD)* M (SD)*
Problem-based learning 2.28 (0.47) 2.67 (0.37) -15.090 (<0.001) 0.458
Research-based learning 2.21(0.37) 2.55(0.29) -16.368 (<0.001) 0.362
Experiential learning 1.97 (0.42) 2.48 (0.46) -16.821 (<0.001) 0.430
Cross-curricular learning 1.92 (0.51) 2.41(0.39) -17.457 (<0.001) 0.494
Project-based learning 1.65 (0.50) 1.93 (0.60) -7.239 (<0.001) 0.518

Note: * rating scale: 1= never, 2 = rarely, 3 = frequently; M = mean; SD = standard deviation;
Cohen’s d = effect size of t-test

The results in Table 4 show that pupils in Grades 7 and 9 of primary school
perceived problem-based learning (M=2.28, SD=0.47) and research-based learn-
ing (M=2.21, SD=0.37) as the most frequently used didactic strategies. Teachers
also said these were the two most commonly used didactic strategies.

Despite the finding that problem-based and research-based learning are
the didactic strategies most perceived by both pupils and teachers, they are still
perceived by pupils to be rare, while teachers judge that they are often included
in their teaching. According to pupils, teachers also rarely used experiential
learning (M=1.97, SD=0.42) or cross-curricular learning (M=1.92, SD=0.51),
while teachers were fairly unanimous in their opinion that they include expe-
riential (M=2.48, SD=0.46) and cross-curricular learning (M=2.41, SD=0.39)
more often in their teaching.

Project-based learning was perceived by children to be the least rep-
resented strategy (M=1.65, SD=0.50), occurring rarely or never. Teachers also
perceived project-based learning as the least represented strategy (M=1.93,
SD=0.60), occurring rarely or never.

Teachers ranked the presence of all five assessed didactic strategies
statistically significantly higher than pupils (p < 0.001). Cohen’s d effect size,
with values ranging from 0.36 to 0.52, indicates a medium-strong effect size for
statistically significant differences between pupils’ and teachers” opinions. The
most marked difference was found in the least represented didactic strategy,
namely project-based learning (0.52).
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The pupils surveyed were quite unanimous in their opinions (SD<o.51)
when evaluating all strategies. The greatest unanimity was found in their as-
sessment of the incidence of research-based learning (84.7% perceived that it
was rarely present). Pupils’ opinions were slightly more divided when it came
to rating the incidence of cross-curricular teaching, which may reflect different
perceptions of this didactic strategy among pupils.

Similarly, the teachers surveyed showed the highest level of agreement
(SD=0.29) in their assessment of the use of research-based learning (72.7% of
them used it frequently). The teachers’ opinions were most divided when it
came to project-based learning (SD=0.60), which was used frequently by 27.1%
of respondents and never by 14.1%.

Table 5
The incidence of the didactic strategies that pupils think their teachers use

Didactic

Statement M (SD) Min.-Max.
strategy
Teachers prepare assignments and encourage us to _
find sources and solutions independently. 244 (063 -3
E;c;g;em- Teachers present us with a problem (a question) and 222 (0.67) 1-3
| ; let us find our own solutions. ’ ’
earning
Teachers encourage us to detect problems (open 219 (0.67) -3
questions) as they teach. . :
Teachers encourage us to formulate research
questions and find answers to them. 255(0.59) -3
Teachers guide us to come to our own conclusions B
Research-  through research. 241(061 -3
based
learning Teachers encourage us to express our own ideas and 227 (0.65) -3
thoughts about solutions to the research problem. ' ’
We also do research outside the classroom (in the
library, in the laboratory, in nature, etc.). 162 (057 -3
Teachers include observation of paintings, art B
techniques, films, etc. 2.28 (064 -5
Experien- . .
tial learning Teachers also |nFegrate our experience of the 2,08 (0.67) -3
content into their lessons.
We play different roles in the classroom. 1.54 (0.60) 1-3
Teachers integrate the content of different subjects 222 (0.66) 2-3
Cross- in their lessons. ’ ’
curricular The lessons are taught simultaneously by teachers
learning of different subjects, each presenting their own 1.63 (0.74) 1-3
aspect.
Project- Teachers involve us in projects. 1.76 (0.72) 1-3
based

With the help of teachers, we work on project

learning assignments. 1.53 (0.58) 1-3
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Three features of inquiry- and problem-based learning that encourage
independent learning, research and problem-solving were rated by pupils as
frequently occurring: “Teachers encourage us to formulate research questions
and find answers to them’ (M=2.55); “Teachers prepare assignments and en-
courage us to find sources and solutions independently’ (M=2.44); and “Teach-
ers guide us to come to our own conclusions through research’ (M=2.41).

Table 6
Teachers’ self-assessment of didactic strategies

Didactic Statement M(SD)  Min.-Max.
strategy
| encourage pupils to perceive problems by presenting 279 (0.43) 1-3
the learning content.
Problem-
baseq | pres_ent the problem and let the pupils find their own 270 (0.47) -3
learning solutions.
| prepare assignments and encourage pupils to find ~
sources and solutions independently. 252(055) -3
| encourage pupils to express their own ideas and
thoughts about possible solutions to the research 2.89 (0.34) 1-3
problem.
| guide pupils to come to their own conclusions B
Research- through research. 276 (0.44) 13
based
learning | prepare materials and encourage pupils to formu-
late their own research questions and find their own 2.54 (0.52) 1-3
answers.
We also do research outside the classroom (in the
library, in the laboratory, in nature, etc.). 201(063 -3
| integrate the pupils’ experiences into my lessons. 2.82 (0.41) 1-3
Experiential | |nc|gde observqhon of paintings, art techniques, films, 2.41(0.70) -3
B etc., in my teaching.
learning
| organise the lessons in such a way that the pupils play _
different roles. 2.22 (0.71) 1-3
Cross- In my teaching, | integrate the content of different 2.85 (0.35) 2-3
curricular subjects.
learning Teachers from different subj
jects come together to B
present their points of view. 197 (0.62) -3
Project- We work with pupils on project assignments. 1.96 (0.71) 1-3
based
learning I involve pupils in projects. 1.90 (0.72) 1-3

Among the individual statements in Table 6, teachers gave the high-
est rating to the statement, ‘I encourage pupils to express their own ideas and
thoughts about possible solutions to the research problem' (M=2.89, SD=0.34).
This statement falls under research-based learning. Teachers also rated very
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highly (M=>0.8) didactic strategies that integrate cross-curricular integration
(team integration), pupil experiences (experiential learning), and encouraging
pupils to identify problems (problem-based learning).

Academic Performance as a Determinant of Pupils’ Perceptions of

Didactic Strategies

In this section, we present the results in relation to the second hypoth-
esis, which tested how average academic performance predicts pupils’ percep-
tions of didactic strategies. Table 7 shows the average final grades of the sur-
veyed pupils in the three core subjects of primary education, namely Slovenian
language, mathematics and (first) foreign language, as well as the overall av-
erage grade for all three. Primary school pupils achieved the highest average
score in a foreign language (3.82), followed by Slovenian (3.60) and mathemat-
ics (3.54). The overall mean score was 3.66 (SD=0.91).

Table 7
Academic performance of pupils surveyed

Total Grade 7 Grade 9
Subject area

M (SD) M (SD) M (SD)
Slovenian* 3.60 (1.00) 3.66 (1.00) 3.52 (1.00)
Mathematics 3.54 (110) 3.57 (110) 3.51(1.09)
(First) foreign language 3.82 (1.07) 3.86 (1.08) 3.78 (1.05)

Average academic performance 3.66 (0.91) 3.70 (0.92) 3.60(0.91)

Note. M = mean; SD = standard deviation; p = statistical significance of the test; * final grade in the
previous school year: 1= unsatisfactory, 2 = satisfactory, 3 = good, 4 = very good, 5 = excellent; the
average academic performance is the combined average of the final grades in Slovenian, mathematics
and (first) foreign language.

Linear regression was used to investigate the relationship between pu-
pils’ perceptions of didactic strategies and their academic performance. Lin-
ear regression is particularly suited to identifying influences and relationships
between two variables and predicting the outcome of the dependent variable
based on changes in the value of the independent variable. Before the calcula-
tion, we checked that the variables we wanted to include in the regression anal-
ysis (i.e., the final grades in Slovenian, mathematics and foreign language, and
the grades of all the included didactic strategies) met the conditions. The dis-
tribution normality of the variables was checked using the skewness and kurto-
sis coeflicients and the Kolmogorov-Smirnov test. Linear correlation between
dependent variables was established using Pearson’s correlation coefficient and
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a scatter plot. The variables included were shown to meet the conditions for
inclusion in the linear regression.

Table 8
Linear regression of the effect of pupils’ academic performance on their
perceptions of the incidence of didactic strategies

Didactic Academic
strategy performance B Beta R? F (p)
(dependent) (independent)
- Average
Problem-based - jemic 0048 0.093* 0009  12.914 (0.001)
learning
performance
Research- Average
) academic 0.051 0.125* 0.016  23.645 (<0.001)
based learning
performance
Experiential Average
pet academic 0.023 0.049  0.002 3.568 (0.059)
learning
performance
Cross-curricular Averagg
) academic -0.051  -0.091* 0.008 12.221 (<0.001)
learning
performance
. Average
Project-based - jemic 0014 0025 0001  0.923(0.337)
learning
performance

Note. B = unstandardised coefficient; Beta = standardised coefficient; R? = proportion of explained
variance of the model; F (p) = statistical significance of the model: one-factor analysis of variance
(ANOQVA); * statistical significance of partial correlation p < 0.001; Average academic performance
= calculated average grade from the final grade in Slovenian, mathematics and the first foreign
language.

The linear regression showed that pupils’ performance in primary
school, calculated based on the average of their final grades in the three core
subjects (Slovenian, mathematics, and foreign language), is a statistically sig-
nificant predictor of their perception of three didactic strategies, namely expe-
riential learning (p < 0.001), cross-curricular learning (p < 0.001) and problem-
based learning (p = 0.001) (Table 8). For all three didactic strategies, we also
found statistically significant partial correlations, indicating a weak correlation
between pupils’ perceptions of the didactic strategies and their academic per-
formance. Higher-achieving pupils perceive a statistically significant increase
in the presence of experiential ( = 0.125) and problem-based ($ = 0.093) learn-
ing and a decrease in the presence of cross-curricular learning (p = -0.091).
Among the statistically significant correlations obtained, the strongest was the
correlation between learning performance and perception of research-based
learning, which shows that a one-point increase in academic performance leads
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to a 0.05-point increase in perception of research-based learning. Similar pre-
dictive power applies to cross-curricular and problem-based learning. Pupils’
academic performance in primary school did not emerge as an influential fac-
tor in perceptions of project-based and experiential learning.

Discussion

In our research, we found that teachers and pupils perceived problem-
based and exploratory instruction, which are very similar, as the most used di-
dactic strategies (Blazi¢ et al., 2003). Jan¢i¢ Hegedi$ and Hus (2019) also found
in their study that teachers of Grades 4 and 5 most often incorporate problem-
based and research-based learning into their teaching practice.

The presence of these strategies in pedagogical practice is gratifying, as
they have a positive impact on the development of critical thinking and lifelong
learning (Darhim et al., 2020; Ivanu§ Grmek et al., 2009) and thus contribute
to the performance of the important goal of education: to teach pupils to think
and to become lifelong learners. In addition, independent problem-solving
stimulates pupils’ thought processes, increases the possibility of internalising
knowledge, and thus contributes to better academic performance (Kozina &
Vrinik Perse, 2015).

However, it should be noted that approaches that promote problem-
solving are not universally effective. The use of certain didactic approaches
alone does not necessarily have a positive impact on the quality of learning, as
also explained by cognitive load theory. In the early stages of knowledge acqui-
sition, didactic approaches based on self-discovery can be ineffective because
they overload the pupil’s working memory. In this case, guided approaches are
more effective. It is important, too, to be aware that approaches that are effec-
tive for less proficient learners are not necessarily effective for more proficient
learners (Hattie & Yates, 2014). Therefore, to realise all these benefits, it is essen-
tial to consider pupils’ capacities (BlaZi¢ et al., 2003; Kosir et al., 2020). In order
to implement these strategies well, the teacher must have good knowledge of
and respect for the backgrounds and abilities of the pupils, as well as the didac-
tical competence to implement the strategies.

It should be noted that pupils rarely perceive the integration of these
strategies in the classroom. Project-based learning was perceived by both
teachers and pupils to be the least frequently used didactic strategy and was
identified by Jan¢i¢ Hegedi$ and Hus (2019) as the strategy that occurs least
frequently in pedagogical practice. Project-based learning is characterised by
pupils learning about an interdisciplinary topic, which is why it occurs mainly
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outside the regular classroom (Blazi¢ et al., 2003; Ivanu$ Grmek & Hus, 2006).
In our opinion, this is why it is less widespread in pedagogical practice, as it
requires networking with external experts, more detailed planning, and more
time. Nevertheless, it is worth considering the possibilities of integrating pro-
ject-based learning into teaching practice, as research has shown that it has
a positive impact on pupils’ motivation, autonomy, metacognitive skills, aca-
demic performance, and other important attributes (Gerhana et al., 2017; Lazi¢
et al., 2021).

The less frequent integration of these didactic strategies into teaching
practice is mainly attributed by teachers at all levels of education to a lack of
time, too many classes, and poor matching of curricular content with the strate-
gies (Jahan et al., 2016; Janci¢ Hegedis & Hus, 2019), and a high level of comfort
with traditional approaches to teaching (Jahan et al., 2016). Teachers cite rea-
sons related to their competence to implement different didactic strategies less
frequently, which Jan¢i¢ Hegedi$ and Hus (2019) link to the fact that it is easier
to find reasons for not implementing active didactic strategies in one’s own
pedagogical practice in external factors rather than in one’s own competence.
This is why we believe that future teachers and practitioners need to strengthen
and develop self-reflection skills that allow them to provide quality feedback
and improve their performance as a result.

As pupils have few opportunities to acquire knowledge through active di-
dactic strategies at the primary level of education, it is understandable that even
at higher levels of education, they lack the necessary knowledge to participate
actively in different didactic strategies and are consequently unwilling to do so, as
confirmed by the results of the research conducted by Jahn et al. (2016).

The results of our study confirm the hypothesis that there are differ-
ences in teachers’ and pupils’ perceptions of didactic strategies. Statistically sig-
nificant differences emerged for all didactic strategies, with teachers rating the
integration of different strategies into their teaching practice higher than their
pupils. As the responsibility for the quality of the educational process lies with
the teachers, it was expected that they would give socially desirable answers. It
could also be due to pupils being critical of the teacher’s activities or, conversely,
to the teacher not being critical of his or her own actions, but the repeated re-
sults, which generally show differences between teachers and pupils in this di-
rection, suggest that pupils do not adequately perceive teachers’ efforts. This has
been pointed out in previous studies (Ivanu$ Grmek et al., 2007; Javornik et al.,
2008). This discrepancy is worrying, as it raises doubts about the adequacy of
communication between teachers and pupils. This is why the identified pupil-
teacher gap needs further research attention in the future.



C-E-P-S Journal | Vol.14 | N°1 | Year 2024

An analysis of the relationship between perceptions of didactic strat-
egies and pupils’ learning performance in primary school showed a statisti-
cally significant relationship between academic performance and perceptions
of experiential learning, cross-curricular and problem-based learning. Pupils
with higher scores were more likely to report the presence of research- and
problem-based learning. In contrast, higher-performing pupils perceived less
cross-curricular teaching. These findings raise new questions and the need for
further research. The reciprocal relationship between academic performance
and teaching methods also deserves further attention. This raises new ques-
tions about strategies, forms, and methods of work in primary school practice
and provides opportunities for future in-depth quantitative and qualitative em-
pirical research.

Conclusion, Limitations and Further Research

International research shows the positive impact of active learning on
pupil performance (Kozina & Vr$nik Perse, 2015). It should be noted at this
point that the use of certain didactic strategies alone does not necessarily con-
tribute to better quality learning (Kosir et al., 2020).

In this context, our research findings that open instruction is still not
sufficiently embedded in pedagogical practice from the learners’ perspective
and that perceptions of strategies’ use vary between learners and teachers war-
rant further research attention to explore the factors that influence the effective
use of these strategies in teaching practice and to address the different judge-
ments made by teachers and learners.

However, when interpreting the findings, it is important to bear in mind
some of the limitations of the study. First, the limited set of five didactic strate-
gies (problem-based learning, research-based learning, experiential learning,
cross-curricular learning, and project-based learning) was analysed in this
study. However, in the pedagogical practice of primary school education, it is
also possible to predict other didactic strategies and approaches which may not
have been recognised within the five studied didactical approaches in this study.
Therefore, further studies should extend this studied set of didactic strategies to
identify which approaches are used in primary school teaching practice.

Second, this study’s findings are based on a monomethod research ap-
proach, which was based on quantitative interviews with pupils and teachers.
A mixed methods research approach, which combines qualitative and quanti-
tative research methods (Creswell, 2014), could provide a more in-depth and
comprehensive insight into the issues at hand and increase the validity and
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reliability of the results obtained. This limitation does not detract from the
credibility of the findings but rather suggests the need for further research and
development monitoring of teaching practice in the research field, including
qualitative approaches to research such as interviews and focus groups, and,
above all, a complementary approach between the two methodologies.

The findings of our research and in-depth reflection on the reasons be-
hind these findings can serve as a basis for teacher training and reflection on
what today’s teachers need to be able to implement didactic approaches in their
teaching practice that will enable their pupils to acquire the highest quality and
lasting knowledge. We can conclude from the above that knowledge and use of
different didactic strategies alone is not enough to improve the learning pro-
cess, as a quality learning process requires the broader concept of educational
work to be taken into account with a heterogeneous group of learners.
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son détre of inclusive science education are explained, and the underlying con-
cepts from the fields of pedagogy, science didactics and learning psychology are
elaborated, including findings from empirical research. In the practical part,
the book provides insight into specific teaching sequences on selected subject
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areas inherent to the first years of learning science in secondary schools and
lists some sources recommended for support or further reading.

In her considerations, Essex tirelessly advocates the importance of and
the right to access secondary science education. She emphasises the following
aspects (among others) related to the perspective of individual students, sec-
ondary science teachers, the school system, and society.

Recognising that learning science has universal benefits. Learning science
is not limited to preparing individuals for professional, scientific careers. Deal-
ing with science contexts, concepts, and practices equips students with critical
thinking skills, problem-solving abilities, and a deeper understanding of the
world around them. These skills are universally valuable and contribute to a
more informed and engaged citizenship in a society increasingly influenced
by innovations in science and technology. With this in mind, Essex advocates
scientific literacy for all (Roberts & Bybee, 2014) and calls on society, the educa-
tional system, and individual teachers to fulfil their obligation to allow students
to acquire this literacy. First and foremost, not only because all people have the
right to access quality and equal education, for legal reasons alone, but also
because science for all addresses multiple challenges of today’s society, such as
a shortage of skilled workers while unemployment is simultaneously prevalent
among people with learning difficulties or special needs. Beyond that, a con-
siderable part of society is sceptical about science and research, resulting in
uninformed consumer decisions, impeding sustainable development.

Acknowledging the potential of diversity for science education and science in
general. The historical elitism and exclusionary practices associated with science
have perpetuated stereotypes and hindered diversity in both the field of science
and science education. By making science teaching (more) inclusive, Essex argues,
teachers can challenge these entrenched norms, promoting diversity and break-
ing down barriers that have long limited access based on socio-economic status,
gender, ethnicity, and - in particular - students’ learning preconditions. In Essex’s
opinion, the cultural trappings embedded in scientific practices, such as exclusive
language and inaccessible jargon, are not essential for acquiring scientific literacy.
However, they disadvantage and categorically exclude students with lower literacy
and communication skills. By embracing inclusive approaches to teaching, science
education can shed these barriers, making scientific knowledge more accessible
and relevant to students with diverse backgrounds and needs. In so doing, science
education might contribute to broader societal goals of promoting equity and so-
cial justice. It ensures that opportunities to engage with and contribute to scientific
knowledge are accessible to everyone, cultivating future generations of scientifi-
cally literate individuals who can participate in society in various capacities.



C-E-P-S Journal | Vol.14 | N°1 | Year 2024

Addressing barriers to science and science education (for students with
learning difficulties). The existing science curriculum and pedagogical ap-
proaches often create obstacles for students with learning difficulties. Essex
states that she is ‘conscious of the fact that many teachers [...] will not feel able
to modify what they teach. Despite this, they can still adapt the way in which
they teach it [...]" (p. 15). Accordingly, she promotes providing various learning
resources, incorporating real-world examples that resonate with students from
various backgrounds, and fostering a classroom environment that encourages
collaboration and respect for diverse perspectives. Recognising and addressing
existing barriers may contribute to ensuring that diverse learning styles and
abilities are accommodated, allowing all students to participate. Following Es-
sex, students’ participation in science education is important for various rea-
sons, for example, for students’ enjoyment, personal development and empow-
erment, their development of science-specific and transferable skills, and their
ability to participate in today’s society.

After having introduced the theoretical framework regarding inclu-
sive science education, Essex explores why students ‘with learning difficulties
underachieve in science’ and makes suggestions on ‘how [...] teachers [can]
mitigate this’ (p. 15). Above all, two well-known theories, namely the levels of
cognitive development defined by Piaget and Bloom’s taxonomy of cognitive
processes, are referred to as the basis for this. Even though these theories may
be helpful in identifying the demands of tasks and activities when learning
science, they are, unfortunately, primarily related to the cognitive domain of
learning science. This analysis does not fully meet the idea of inclusive science
education (as presented in previous sections) in that it neglects social, cultural,
emotional, and physical factors of learning. By not only naming the other two
less well-known domains of Bloom’s taxonomy (affective, psychomotor) but
also integrating them, a broader perspective could have been taken. Neverthe-
less, including additional models (e.g., SOLO taxonomy; Biggs & Collis, 1982)
and findings from empirical studies, Essex clearly shows that the demands of
learning science are often overwhelming not only for students with additional
or special needs but also for many others. To counteract this, Essex presents
the suggestions of the CASE (Cognitive Acceleration in Science Education; Sh-
ayer & Adey, 2002) project to foster students’ development of formal thinking,
drawing on experiences from her teaching. Further, she figures out four ways
in which those with learning difficulties may differ from their peers: executive
functions, functional skills, psycho-social characteristics, and experimental
and investigative skills. It is described comprehensively how these four aspects
- that are no longer limited to the cognitive domain — can manifest themselves
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and influence students’ learning on the one hand, and how teachers can cre-
ate science lessons and teaching material that addresses these aspects, on the
other hand. By presenting concrete examples, teachers can develop ideas, for
example, reducing students’ cognitive load, enhancing materials’ readability,
or creating learning opportunities that allow for differentiation. However, fo-
cusing on ‘students” challenges’ to differentiate between ‘students with learning
difficulties’ and ‘their peers’ is also at risk of fostering a deficit-oriented and cat-
egorising perspective on students and their learning. This sensitive balancing
act between addressing students and their individual needs and systematically
attributing ‘diagnoses’ is supported to some extent by the reflective questions.
In some of these questions, the barriers to learning are located in the system or
learning object (e.g., curriculum, technical language, abstraction, mathemati-
sation) rather than in the students, and teachers are encouraged to reflect on
how these barriers could be reduced, minimised, or eliminated by adapting
material and instructional strategies (cf. Stinken-Rdsner et al., 2020).

One of the distinguishing features of Inclusive and accessible secondary
science is the section on assessment, which is often disregarded in the context
of inclusive education. Essex does not so much focus on specific aspects of ‘in-
clusive assessment’ but rather on how to create assessment that covers a broad
range of goals aimed for in science education. By opening assessment to differ-
ent aspects of learning science, the learning outcomes of students with diverse
backgrounds and needs — and in particular of students with learning difficulties
— can be captured. Essex argues that established assessment techniques, such as
typical tests, need to be changed or at least extended by various approaches as
students ‘who do not do well on such tests should not be assumed not to have
learnt, but rather not to have learnt the skills required to bring about success in
tests’ (p. 61). She advocates aligning assessment with the ‘real’ teaching inten-
tions, not only those formulated by the curriculum, removing unnecessary bar-
riers from assessment tasks and integrating open-ended questions that allow
for creativity and various ways of answering.

The practical section, which forms the back part of the book, consists of
concrete teaching sequences related to nine subject areas (e.g., matter, plants,
earth, and space). Each of the presented sequences comprises up to eight les-
sons and is described in terms of learning intentions, the relevance of the topic
and the addressed knowledge and skills, the applied instructional strategies,
and students’ activities and learning opportunities. In so doing, inclusive ap-
proaches are discussed by referring to parts of the used teaching materials in
order to illustrate how teachers can increase the accessibility of their science
lessons. The presented examples serve as great suggestions for teachers and
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their teaching practice. Even though the sequences are clearly based on the
principles set out in the theoretical section, it is not clear from the practical
section whether or in what form the ‘effectiveness’ of the presented lessons has
been investigated. It can, therefore, be assumed that the subtitle of the book,
How to Teach Science Effectively to Students with Additional or Special Needs,
refers to the theoretical framework, including findings from empirical studies
in the first part of the book, whereas the practical part is primarily based on the
author’s own experiences from many years of professional practice.

In Inclusive and Accessible Secondary Science, Jane Essex provides a com-
prehensive argument for the importance of making science education accessible
to all learners, particularly to those with specific or additional needs. Through
a blend of theoretical discussion and practical insights drawn from her exten-
sive experience, Essex highlights the universal benefits of science education,
emphasising its role in fostering critical thinking, problem-solving skills, and a
deeper understanding of the world. Essex addresses the challenges faced by stu-
dents with learning difficulties in secondary science education, offering strate-
gies for teachers to mitigate these challenges in lesson planning, teaching, and
assessment. She advocates for inclusive teaching practices that recognise and
embrace the diversity of learners, challenging traditional norms and promoting
equity and social justice in science education. Overall, Inclusive and Accessible
Secondary Science serves as a valuable resource for science teachers and science
teacher educators, offering both theoretical insights and practical guidance for
creating inclusive learning environments where all students can thrive in their
science-specific and social pursuits.
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