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Teaching Chemistry by Means of Modern Research

Education is currently undergoing "deep” modernisation. In accordance with this, the main outcomes of
educational institutions are not the knowledge itself, but a set of social competences in the most important
spheres of life. Learners should adopt a set of socio-political, intellectual, informational and civic competences
when they enter "adult life". The teaching of different sciences in educational institutions contributes to the
formation of diverse concepts and the development of critical thinking among learners. An important point in
the understanding of knowledge should include pupils’ acceptance of personal relevance, which leads to an
understanding of chemistry as a science in the context of global challenges to humanity. The development of a
chemical picture of the world among learners is important for the formation of a scientific outlook and a culture
of ecological thinking and behaviour. That’s why, the scientific picture of the world would be fundamental for
the development of nanotechnology in the educational process.

Key words: chemical education, modern research, history of science, full-time teachers, nanotechnology, edu-
cational technologies, modern approach, methodology.

Introduction

Contemporary research is the basis for the teaching chemistry. Different criteria are used to characterize
it — criterions relating to different aspects of learning and teaching chemistry. Using contemporary research
to teach chemistry requires the incorporation of cutting-edge science into school science lessons. This approach
gives learners the opportunity to obtain the developments in research while they are still in the science research
laboratories [1]. It includes: reading basic literature adapted to their level [2], meetings with researchers and
listening to their descriptions of their investigations, and learning from well-prepared teachers who are familiar
with contemporary researchers [3]. This approach allows learners to observe authentically the development of
modern scientific knowledge; to get acquainted with the original investigations that are taking place in modern
scientific laboratories; to discover who is currently at the forefront of scientists and how they work; and [6].
to understand the nature of modern science.

Dewey John [4] stated: "If we teach today's learners the way we taught yesterday's learners, we are de-
priving our children of tomorrow". Dewey's well-known statement challenges the science teachers. This prob-
lem can be solved by exploring science using modern investigations. According to this approach, modern study
and cutting-edge knowledge should be the part of school science curriculum [5]. The exploration of science
by integrating contemporary research provides learners with up-to-date information about what science really
is. Learners realize that research is about real people who are the same as they are and who follow the same
norms of the modern age. They also learn about the open-ended nature of scientific questions that are waiting
to be solved based on research (Google Scholar search for "unsolved scientific mystery" reveals about 32,600
scientific papers). The nature of scientific questions involves epistemological conviction, which includes mul-
tiple sources and a body of knowledge [6].

Methodology of the research

Modern research covers many fields and is being developed in many different directions. Therefore, in
this article, we decided to focus on one example of modern research — nanotechnology [7], which will be
referred to as NST (nanoscale science and technology). We will cover different aspects of this approach as
they are reflected in nanotechnology education. When it comes to contemporary science topics, there is no
existing tradition as to what to teach. Typically, sporadic learning units are developed first. These units
represent a partial introduction to a new field based on the knowledge of the developers. In nanotechnology,
these may be, for example, units near the AFM (atomic force microscope) [8].
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Figure 1: EDM process (education reconstruction model) for developing a coherent education programme
in S&T (nanoscale science and technology), adapted from 12.

The NT (nanoscience and engineering) world supported the development of a paper on "big ideas" in ST
[9] by Stevens, Sutherland and Krajcik; it was the result of two workshops involving both scientists and teach-
ers. To incorporate an interdisciplinary perspective, scientists and teachers from different scientific disciplines
were selected to reach a consensus on what constitutes big ideas in S&T. It is well known, that big ideas are
basic concepts which can be considered as crucial and fundamental for understanding the fundamentals of the
field (namely the field of nanoscience). They also suggested how these ideas could be introduced into the
world's science curriculum. Here are nine big ideas: "'size and scale, structure of matter, forces and interactions,
guantum effects, size-dependent properties, assembly, instruments and instrumentation, models and simula-
tions and scientific technology and society".

The Israeli study used a diverse methodology [10]. A Delphi methodology of three rounds was applied
to reach consensus on the main concepts to be taught in secondary schools. "Eight basic concepts of S&T were
identified: size-dependent properties, innovation and applications of nanotechnology, size and scale, charac-
terization methods, functionality, classification of nanomaterials, approaches to nanomaterial production and
creation of nanotechnology". This study revealed three concepts of nanotechnology which had not yet been
recognized in previous studies. This survey was followed by an additional Delphi study to select the nanotech-
nology applications recommended for high school [11]. As a result, nanotechnology and education experts
suggested five applications of nanotechnology: "nanomedicine, nanoelectronics, photovoltaic cells, nano-
robots and self-cleaning".

At college level: Wanson, et al [12] adapted "big ideas" formulated by Stevens, et al to that level. They
suggested that nanoscience and engineering (ST) degree programmes should include four aspects or areas of
ST (P-N-P-A): "Processing (how nano-objects are made), Nanostructure (how the structure of nano-objects
can be mapped and characterised), properties (resulting properties of nanostructured materials/devices that
depend on size and surface) and applications (how nanomaterials and nanodevices can be designed and engi-
neered to benefit society)".

The integration of modern research and development into school chemistry curricula has always been a
challenge. Professionals who develop modern knowledge and skills are not teachers, and teachers have not
encountered the subject during their studies because it was not yet known [13]. This situation leads to the
necessity for professional development of teachers that will prepare them to teach modern scientific research
in their classrooms. Many courses have been developed in the field of nanotechnology for teachers and teach-
ers' attitudes towards the new field have been studied [14].

A situation in which new scientific knowledge is integrated into the science curriculum can bring numer-
ous benefits. Curriculum developers should consider current learning theories “how people learn”. Jones,
Gardner, Falvo and Taylor have analyzed the different types of thinking required to understand different con-
cepts of STEM. Children of different ages have different thinking abilities, so different concepts should be
taught at different ages.

Other researches have explored different learning environments for teaching specific concepts of
S&T. There is no need to replace traditional pedagogy with more appropriate pedagogy. Suitable pedagogy
can be integrated in advance. For example, there have been many studies related to learners' difficulties in
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grasping the concept of size and scale, a concept that is taught in biology, chemistry and physics courses. It is
very difficult to understand how small a nano really is, as learners cannot sense objects of this scale with their
own minds. Pedagogical research has shown that learners can better understand small size and scale when
taught compared to objects with which they are familiar from their everyday life experience.

In addition, by integrating contemporary research into school chemistry lessons, learners can learn about
the real researcher who conducted the investigation. These encounters introduce learners to the real process of
knowledge development in science, as reflected in the eight core concepts of NST, the creation of nanotech-
nology, presented by Sahnini and Blonder. Various means are required to organise meetings with active re-
searchers. Learners can participate in a scientific conference and attend a lecture by a researcher. Modern
technology can help to engage scientists in learning via YouTube or online courses.

Three examples of learning:

The identified examples do not cover the specific content of the science curriculum; instead, they repre-
sent central issues in science education: using and developing models; understanding the relationship between
science and technology and understanding the nature of science. We would like to emphasise that other exam-
ples can be given.

Example 1. Model development

Modern surveys provide chemistry teachers and learners with the opportunity to critically evaluate their
knowledge by comparing it with new scientific findings. The basic concepts of chemistry include atoms and
bonds, but when teaching them, teachers usually build models to describe it. Since the time of Democritus's
atom and Avogadro's molecule, scientists have sought to observe these fundamental building blocks of nature.
This dream came true in 1981, when the scanning tunnelling microscope (STM) was invented [15].

A possibility of using STM and later AFM (atomic force microscope) penetrated into science education.
Margel, Eilon and Scherz developed and studied a programme in which learners who had learned about the
dispersed nature of matter in high school chemistry were invited to an STM facility for the actual visualisation
of atoms. Blonder et al. described in their review other teaching subjects that could benefit from the use of
STM (scanning tunnelling microscopy) or AFM. These instruments have very high resolution and in recent
studies they have been able to show individual molecules on the surface, chemical bonds and even hydrogen
bonds (39). as shown in Figure 2 and Figure 3 [16].

The abstract concept of chemical bonds can be visualized and data can be provided for class discussion
about the differences between the model studied and the experimental data, for example, what are the charac-
teristics of each? What can we learn from all of them?
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Figure 2. (a) AFM image of pentacene on Cu (111).
(b) Ball-and-stick model of the pentacene molecule obtained from Gross et al., 2009.
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Figure 3. 8-hydroxyquinoline (8-hg) molecules absorbed on the surface

Cu (111) obtained in Zhang, et al., 39. AFM measurements of assembled 8-hq clusters on Cu (111) (a)
and (b) constant-height frequency shift images of typical clusters assembled from molecules and their corre-
sponding structure models (c and d). The punctuated lines in (c) and (d) indicate probable H-bonds between
8-hg molecules. Green, carbon; blue, nitrogen; red, oxygen; white, hydrogen.

Example 2. The nature of science.

If we want to provide learners with a realistic image of the nature of science and show them how scientists
actually work, we must allow learners to experience a modern, realistic image of science. Scientists work today
in interdisciplinary teams and use tools and perspectives from other disciplines to solve contemporary prob-
lems. Scientists work with advanced tools.

This concept has three sub-concepts: interdisciplinary science and technology, teamwork and nanotech-
nology development. This concept reflects the importance of immersing learners in authentic environments
and activities that go far beyond scientific facts and experimental results. Learners who participated in the
nanotechnology science conference changed their image of a scientist as a result of meeting real scientists at
the conference [17].

Moreover, when we introduce learners to modern science, an understanding of which not everyone
knows, some part of the nature of science reflects its constantly evolving nature. Learners realize that there are
more open questions. This note is a challenge to future scientists to join the research and become the next
scholar to explore new areas and find answers to unresolved questions.

Example 3. The relationship between science and technology.

Fundamental science is usually perceived as a provider of knowledge for the development of new tech-
nologies. The discovery of new nanomaterials with new properties has led to the development of new applica-
tions in many fields. However, in nanoscience, the development of high-resolution microscopy such as AFM,
STM and electron microscopy has allowed scientists to see the nanomaterials and nanostructures that they
have created in research laboratories. The observation of these products has deepened scientists' understanding
of particles at the nanoscale and has led to increased research and development in the field of nanoscience and
nanotechnology.

There is a strong emphasis on the relationship between science and society in contemporary research. The
European Commission emphasises the importance of responsible research and innovation (EC) values and
several science education programmes have been developed and implemented in Europe which integrate EC
into science education. These programmes bring contemporary research into science lessons as well as possible
ethical dilemmas and environmental influences that are discussed in the classroom.

Motivation and attitudes of learners

On the other hand, the idea that offering topics such as nanotechnology can be attractive to young learners
is based on scientific research in the field of education. Several studies have shown that teaching nanotechnol-
ogy increases learners' motivation to engage in research and scientific careers. Hutchinson, et al. investigated
the interest and motivation of secondary school learners in nanoscience concepts and phenomena. For this
purpose, learners were introduced to several nanoscale topics and phenomena through four manipulative ac-
tivities and a series of guiding nanoscale questions. These revealed that the learners were most interested in
S&T topics related to their “real world” and everyday life.

Delgado, Stevens, Shin and Krajcik developed a 12-hour learning unit to explore size and scale at a sum-
mer science camp. The context of nanotechnology greatly influenced the learners and broadened their
knowledge about the size of objects. They became more engaged and interested because the context was rele-
vant to the learners' daily lives [18].
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Blonder and Dinur conducted a study on teaching learners for using LEDs (light emitting diodes) in nan-
otechnology. They found that the number of learners who decided to enrol in an advanced chemistry class at
school increased as a result of learning about LEDs. Another study had similar results. At a longitudinal study
which summarised the professional development of chemistry teachers who had developed a module on nan-
otechnology and evaluated it in their classroom was reported that the integration of nanotechnology increased
learners' motivation to learn chemistry.

It is worth mentioning that nanotechnology increases the motivation of both male and female learners to
pursue careers in science and does not create a gender gap. We can feel the enthusiasm of a high school student
saying: “We actually have seen atoms with our own eyes!” and realize the motivational impact of modern
science on learners.

Discussion

Teachers should be trained appropriately in trying to implement each of the two approaches. Regarding
the integration of the topic of modern research into school chemistry, teachers who were formally educated
before the development of the new field do not have the necessary content knowledge to integrate the modern
field into their teaching. As it was mentioned above, in the context of the historical approach Arons argued
that many chemistry teachers do not spend sufficient time discussing the nature of the scientific process and,
as a consequence, miss opportunities to instil critical and exploratory thinking skills.

While discussing the integration of the topic of contemporary research, we have to mention several prob-
lems: the problem of content, the teachers' belief in their ability to learn and then teach advanced modern
science (belief in self-efficacy) and the stage at which teachers have to adapt the new topic to their classrooms.
When we developed an advanced course on nanotechnology, they were able to successfully pass the knowledge
test. However, they felt that their understanding of nanotechnology was not deep enough to teach the content
to their learners [19].

In order to fill this gap, we developed and implemented a three-phase model to support teachers in learn-
ing contemporary content and adapting it to their classrooms. It is important to note that we have found that
the model created a better environment where teachers could develop their knowledge of the content, their
belief in effectiveness to achieve a deep understanding and adaptation of the content to their classrooms.

In addition to this task, we have found several opportunities by presenting teachers with a contemporary
topic. Modern content reintroduces teachers' enthusiasm for the subject they teach [20] and they can pass this
enthusiasm on to their learners. Teachers participate in professional development courses to learn the latest
material. These courses provide an opportunity to use non-traditional teaching methods when teaching new
content.

We have found that teachers are adapting these non-traditional approaches for learning when they teach
nanotechnology. This finding is reasonable because teachers tend to teach the same way they were taught. As
Putnam and Borko explained: “How one learns a particular set of knowledge and skills, and the situation in
which one learns, become a fundamental part of what one learns”. However, we also found that teachers were
transferring alternative approaches to learning (such as using a learning model, integrating videos, using
learner-centred pedagogy, and creating and presenting student poster exhibitions) to other topics in the science
curriculum. This transference proved to be sustainable over a five-year period.

Conclusions

We believe that both methods of teaching and learning, either through contemporary research or using a
historical approach, should be integrated into the chemistry curriculum and that teachers should be familiar
with both. This is supported by an ongoing study comparing the conceptual understanding of the properties of
gas by pupils who were taught in a historical or contemporary context, and no significant differences were
found between the two groups.

As it was said earlier, each approach: deals with elements important to chemistry education, i.e. the de-
velopment of models, the relationship between science and technology or the nature of science, it has its own
specificity and contribution to chemistry education, and it complements the other by presenting the sequence
of development of science in general and chemistry in particular. We invite teachers to become familiar with
both the modern research approach and the historical approach. However, as previously discussed, teachers
should receive intensive and comprehensive training before adopting either or both approaches. They should
receive appropriate guidance and support on what to teach and how to teach, addressing historical aspects or
contemporary research.
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Various aspects of a comparison between two different approaches to the teaching of chemistry have been
considered here. However, there are additional parameters that have not been discussed here that are important
for comparison, e.g. philosophy of science (56) and subject-oriented philosophy of chemistry (57; 58). Another
point that has been briefly mentioned and needs more attention is the epistemological beliefs of the science
teachers and learners, which can be developed through the two approaches. We hope that the other researchers
who feel that the discussion is relevant to their studies in science education will contribute to this important
topic.
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Teaching Chemistry by Means of Modern Research

I''M. bo6uzona, M.M. ®aiizymnoesa, I1l. Xam3una

3aMaHayH 3EPTTEYJaEP APKBLJIbI XUMHUAHBI OKBITY

Kasipri yaxeiTTa OitiM Oepyze «TepeHy JKaHFBIPTY JKYpill xKaTeIp. OCBIFaH colikec Oi1iM Oepy MeKeMeepi KbI3-
METIHIH Heri3ri HoTwXenepi OLTIMHIH 031 eMec, eMIipiH MaHBI3/Ibl caladapbIHAAFbl MAaHBI3IbI AIEYMETTIK KY-
3BIPETTEP JKUBIHTHIFBI OOJIBIT TaObUTanbl. CTYIEHTTEp QJIeyMETTIK-CasiCH, 3UATKEPIIK, aKIapaTThIK JKoHE a3a-
MaTTHIK Ky3BIpeTTepAiH Oenrini Oip KUBIHTHIFBIMEH «epecek eMipre» eHyl kepek. binim 6epy Mekemernepinae
OPTYPJI FBUIBIMIAP/bI OKBITY OPTYPIi YFBIMIAAP/bl KalIbINTACTBIPYFa, OKYIIBUIAPABIH CHIHU OWIAYbIH JaMbl-
TyFa bIKHaJ etefi. bimimai TyciHyAiH MaHbI3/1bI COT1 XUMUSHBI FBUIBIM PETiHAE OUTyTe XKeTeNeiTiH, afaM3aTThIH
skahaH/IBIK Moceleniepi KOHTEKCIHIe XKAHE OTe ©3€KTi OO0JIbIN TAOBUIATHIH CTYACHTTEP IiH )KeKEe MaHbI3[bUTBIFbIH
KaObu1ay O0Jybl Kepek. biiM amymsutapasle FBUIBIMU JYHHETaHBIMBIH, SKOJOTHSIIBIK Oifay, MiHE3-KYJIBIK
MOJICHHETIH KaJBINITACTHIPY YINIH AYHUECHIH XUMUSUIBIK OSHHECIH HaMbITybIH MaHbI3H! 30p. OchIFaH colikec
QJIEMHIH FBIIBIMH OeffHecl OKy ylepiciHie HAHOTEXHOJIOTHSHBI JaMBITY YIIIH ipreni 601Mak.

Kinm co30ep: XuMUSIIBIK OLTIM, 3aMaHayH 3epTTeyiep, FhUIBIM TapUXBl, IITATTHIK MYFaTiMAEp, HAHOTEXHOJIO-
Ty, OUTiM Oepy TeXHOJIOTHSIAPhl, 3aMaHayH TACll, dJlicTeMe.

I".'M. bobuzona, M.M. daiizymnoesa, L11. Xam3una

HpenonaBaHne XUMHH NOCPEACTBOM COBPEMEHHBIX I/ICCJIEJIOBaHI/Iﬁ

B HacTosimee Bpemst B 00pa3oBaHHUU MIPOUCXOINT «TIyOOKasD MOEpHH3aIHs. B COOTBETCTBHM € 3THM OCHOB-
HBIMHU pe3ylIbTaTaMH AESTENbHOCTH 00pa30BaTeNbHbBIX YUPEKACHUH ABIAIOTCSA HE CaMU 3HAaHMS, a Ha0op Bak-
HBIX COIMANIBHBIX KOMIIETEHINI B BaKHEHIINX chepax ku3HU. OOydaromuecs: JODKHBI BCTYITUTh BO «B3POC-
JIYIO JKU3HBY» C ONPEIEIeHHBIM HaOOPOM KOMIIETEHIHH: COI[HATbHO-TIOTUTHICCKIX, HHTEIIEKTYalbHbIX, HH-
(hopManMOHHBIX U rpakaaHCKuX. IIpemnogaBaHne pasIWYHBIX HAyK B YUPEKICHHAX 0Opa30BaHUS CIIOCOO-
CTByeT (hOPMHUPOBAHMIO Pa3HOOOPA3HBIX MOHATHH, Pa3BUTHIO KPUTHYECKOTO MBINUICHUS y OOYYaroUIHXCs.
BaxxHbIM MOMEHTOM B IOHMMaHUY 3HAHUH JOJKHO CTaTh NIPUHSITUE JINYHON 3HAUMMOCTH y4allMXCsl, YTO MPU-
BOJIUT K ITO3HAHHIO XMMHUH KaK HayKH, B KOHTEKCTE ITI00AIBHBIX TPOOJIEM YeTI0BEYeCTBa U SIBISICTCS UPE3BBI-
YaliHO aKkTyaJbHOU. Pa3BuTHE XMMIUECKOH KapTHHBI MUpa y 00y4aromuXcst BaKHO U1l GOPMUPOBAHHMS Hayd-
HOTO MHPOBO33PEHHS, KyJIbTypBhI SKOJOTHYECKOTO MBIIIJIEHHS M TIOBEICHNUS. B cOOTBETCTBHY € 3THM HayJHAast
KapTHHA MHUpa OyJIeT OCHOBOIOJIATAIOIIEH /T pa3BUTH HAHOTEXHOJIOTHUH B 00pa30BaTeIbHOM IpOIIEcCe.

Kniouesvie crnosa:. XuMHIECKOE o6pa303aH1/Ie, COBPEMEHHBIC MCCJICAOBAHU, UCTOPUA HAYKH, IITATHBIC y4H-
TEJIsI, HAHOTCXHOJIOTHUH, 06paSOBaT€JII>HI>IC TEXHOJIOTHH, COBpeMCHHBIfI Ioaxom, METO40JIOTHA.
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