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Abstract:
Two different approaches for chemistry education are presented in this paper: teaching and learning chemistry
through contemporary research and using a historical approach. Essential dimensions in science education are
used to study the differences between the two approaches. This includes the rationale of each approach, the
scientific content, as well as students’ and teachers’ perspectives. At first glance, the two approaches look different and even contradict each other. However, a deeper investigation shows that there are common themes that
connect the two approaches. Chemistry education is used to represent the historical approach and Nanoscale
Science and Teachnology (NST) in chemistry education is used as the context for learning science through a
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Introduction
Different approaches for teaching chemistry can be identified in the literature. Two contradictory approaches
will be compared in this paper. We would like to present a broad overview of the two approaches, and to
introduce chemistry teachers with the rationale of each of them, in order to be able to integrate them while
teaching chemistry. The first approach refers to using the historical development of scientific understanding
for teaching chemistry and will be referred in the paper as the “Historical Approach”, whereas in the second
approach, contemporary research serves as the basis for teaching chemistry and will be referred in the paper as
the “Contemporary Research Approach”. Different criteria are used for the comparison – criteria that are related
to different aspects of learning and teaching chemistry. The advantages of each approach and the challenges
that teachers and students face are discussed. First, each approach is described, and then specific issues are
discussed such as what to teach, and how to teach while referring to the historical aspects or to contemporary
research.

What are these two approaches for teaching chemistry?
Historical approach
The historical approach deals with topics regarding the role that science has played in the development of
various cultures as an ongoing, changing enterprise, such as: (1) the development of scientific models in relation
to economic and social aspects in different eras, (2) different aspects of scientific inquiry related to technological
developments, (3) the work of scientists, and (4) the nature of science (Abd-El-Khalick, 2002; Abell & Lederman,
2007; Mamlok, 1997; National Research Council, 2011).
Curriculum materials should include scientific developments and historical analyses of scientific events,
which will be taught by introducing the students to important events in the development of science and the
work of scientists. A study conducted by Blumenfeld, Fishman, Krajcik, Marx, and Soloway (2000) showed that
if science curriculum development takes into consideration cultural and social aspects, together with the related
historical context, it helps in improving students’ attitudes towards science and towards science learning.
Ron Blonder is the corresponding author.
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Contemporary research approach
Using contemporary research for chemistry teaching requires introducing cutting-edge scientific developments
to high-school science lessons. This approach provides the students with an opportunity to learn about research
development while it is still in the research laboratories (Blonder & Sakhnini, 2016; Blonder, Joselevich, & Cohen, 2010; Bryan & Giordano, 2015). This includes reading primary literature that is adapted to their level
(Yarden, 2009), meeting researchers and hearing them describe their research and learning from well-updated
teachers who are familiar with contemporary research (Blonder & Mamlok-Naaman, 2016; Kapon, Ganiel, &
Eylon, 2009). This approach allows the students to actually observe (1) the development of modern scientific
knowledge; (2) authentic research that is conducted in the research labs nowadays; (3) who are currently the
leading scientists and how they work; and (4) the nature of contemporary science.

Why should chemistry be taught using the historical approach and the contemporary
science approach?
Historical approach
The National Science Education Standards (National Research Council, 1996) recommends that science educators should develop curriculum materials with a historical approach and explained:
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“In learning science, students need to understand that science reflects its history and is an ongoing, changing
enterprise. The standards for the history and nature of science recommend the use of history in school science
programs to clarify different phases of scientific inquiry, the human aspects of science, and the role that science has
played in the development of various cultures.” (National Research Council, 1996).
It has been suggested that integrating historical and philosophical aspects into the science curricula should (1)
enhance our understanding of the nature of science by future scientists as well as by future citizens (MamlokNaaman, Ben-Zvi, Hofstein, Menis, & Erduran, 2005), and (2) help in coping with misconceptions and with
alternative models that students develop (Nussbaum, 1985a,Nussbaum). The American Association for the
Advancement of Science (1989) suggests that students may better understand the nature of science (the scientific methodology) if they will study according to a historical approach. Lederman, Abd-El-Khalick, Bell, and
Schwartz (2002) claimed that integrating scientific developments into science studies may also help in understanding the work of scientists. Students who are acquainted with developments in science will be more aware
of scientists’ struggles during their work, and this may advance their understanding of the nature of science
(Schwab, 1962).
In the last twenty-five years this approach has been adopted and the importance of the history of science in
science teaching has been acknowledged by policy makers, educational researchers, and teacher educators (The
American Association for the Advancement of Science, 1989; Matthews 1997; 2012; McComas, 1998). It is suggested, that using the historical approach may improve science teaching and learning (Duit & Treagust, 2003).
A number of different rationales and practical proposals have been made with the aim of acquainting prospective and in-service science teachers with appropriate themes. In the United States, for instance, suggestions for
including the history of chemistry in chemistry teaching can be traced back to the 1930s (Jaffe, 1938).

Contemporary research approach
Dewey, John (1938), stated “If we teach today’s students as we taught yesterday’s, we rob our children of tomorrow.” Dewey’s well-known statement poses a challenge for science educators. This challenge can be addressed
by the approach of learning science through contemporary research. According to this approach, contemporary research and cutting-edge knowledge should be part of the school science curriculum (Blonder, 2015).
Learning science by integrating contemporary research provides students with an opportunity to receive upto-date information regarding what science actually is. Students realize that research concerns real people that
look similar to them and share the same norms of the current era. They also learn about the open nature of
scientific questions that await for a research-based solution (when searching in Google Scholar for “unsolved
science mystery”, one retrieves about 32,600 research papers). The nature of scientific questions involves an
epistemological belief that incorporates the numerous sources and scope of knowledge (Luft & Roehrig, 2007).
Contemporary research encompasses many fields and develops in many different directions. Therefore, in
this paper we chose to focus on one example of contemporary scientific research – nanotechnology (Jones et al.,
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2013) that will be reffered as NST (Nanoscale Science and Technology). We will therefore examine different
aspects of this approach as they are reflected in nano-scale science and technology education.

What can be taught using each approach?
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Historical approach
As mentioned above, it is very important for students to understand that science is not a given body of knowledge that was somehow received from heaven but rather, is an ever-developing body of knowledge. This can be
achieved by following the development of the changes in our understanding of scientific developments from
ancient times to the present as was presented in the teaching unit “Science: An-Ever Developing Entity” (Mamlok, 1997),
This teaching unit deals with concepts that refer to the structure of matter, developed according to “the
spirit” of the era. It starts with Aristo’s theory (the four elements) in ancient Greece, continues with the work of
the alchemists who were desperately looking for ways to turn simple metals into gold, but worked according
to Aristo’s theory, and ends with 20th century atomic models. By learning the unit (consisting of 30 periods),
the students are exposed to the meaning of scientific models, and to the way in which our understanding of
the structure of matter has developed. In addition, they learn how the scientific process has changed over the
years, due to new data resulting from new experiments – data that could not be explained by Aristo’s theory.
Thus, there was a need to develop new models and new theories.
Mamlok-Naaman et al. (2005) referred to the “Modern alchemists” who succeed nowadays to change elements to other elements, but still, there is a need to consider the economic aspects. The alchemists did not
succeed in turning simple metals into gold, but their experiments enabled them to develop new laboratory instruments and to discover new medications. Students should be taught to appreciate the work of the alchemists
and their achievements, and to understand that they could not achieve their goal because they adopted Aristo’s
theory, which existed for many decades. Moreover, the alchemists behaved as a secret sect. The individual alchemists did not share their ideas with others, and could not get any feedback regarding their work. This might
also be because there was no communication among the scientists at that time. The new scientific data, the
development of the printing press, and new technologies ushered in the revolution in scientific models and
theories. “If indeed, one can claim that children’s understanding of scientific concepts develops in a way analogous to that of the knowledge of scientists throughout history, then introducing students to the steps of this
development may help them to “grow up” with and appreciate science. In this way, they are not confronted
with a temporary scientific way of thinking but instead, can start with their own picture of the world and can
gradually reconcile it with what is acceptable nowadays. It is hoped that if this happens, students will feel less
estranged and this will also be manifested in their attitudes towards science in general and also towards their
science studies” (Mamlok-Naaman et al., 2005).

Contemporary research approach
When dealing with contemporary scientific topics, there is no existing tradition regarding what to teach. Usually at the beginning, sporadic teaching units are developed. These units present a partial view of a new field
based on the knowledge of the developers. In nanotechnology, this can include, for example, units about AFM
(Atomic Force Microscope) (Blonder, 2010; Blonder et al., 2010; Planinšič & Kovač, 2008), units raising nanoethical questions (Berne & Schummer, 2005; Schummer, 2007; Sweeney, 2006), units about a chosen concept
(Blonder & Sakhnini 2012; 2015; Bryan, Magana, & Sederberg, 2015), and units about nanotechnology applications (Blonder & Dinur, 2011; Hutchinson, Bodner, & Bryan, 2011). Then, the new field receives attention from
the scientific community for systematically identifying the basic concepts in the field that should be taught
(Blonder & Sakhnini, 2016).
In elementary schools: Huang, Hsu, and Chen (2011) from Taiwan attempted to find NST (Nanoscale Science
and Technology) concepts that should be integrated into an elementary school curriculum. They identified five
main nanotechnology core concepts suitable for elementary school science: “(1) nano-technology definitions, (2)
nano-scale features, (3) nano-phenomena in the natural world, (4) nano-materials, and (5) the development of
nanotechnology” (Blonder & Sakhnini, 2016, p. 118). Intensive efforts regarding integration of nanotechnology
in primary education was conducted in Greece in the Spyrou research group (e.g. Manou, Spyrtou, Hatzikraniotis, & Kariotoglou, 2017). However, most of the research dealing with identifying basic NST concepts has been
conducted at the high-school science level.
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At the high-school level: In Germany, the Model of Educational Reconstruction (MER) was applied (Parchmann & Komorek, 2008). The identification process according to this model is dynamic; there is a live discussion, and the result is also based on learning theories MER (Blonder, Parchmann, Akaygun, & Albe, 2014). This
model combines content analyses, empirical research, and the design of educational settings. MER considers
teachers’ perspectives and experts’ knowledge in order to develop a coherent educational program that takes
into consideration scientific parameters as well as science education, as presented in Figure 1. Student teachers and experts in nanotechnology were chosen to analyze the learners’ perspectives regarding nano-science,
to investigate pre-service teachers’ self-estimated knowledge, their expectations about teaching nano-science
at the secondary school level, and their beliefs about nanostructures and about techniques such as scanning
tunneling microscopy (STM) and atomic force microscopy (AFM). Preliminary results of this research showed
that student teachers are interested in gaining further knowledge and advancing their understanding, but that
they do not yet feel confident about teaching them.
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Figure 1: MER process for developing a coherent educational program in NST, adapted from Parchmann & Komorek,
2008. Designed by Ziv Ariely.

The NSF in the US supported the development of the NST “big-ideas” document by Stevens, Sutherland,
and Krajcik (2009); it resulted from two workshops involving both scientists and science educators. In order
to include an interdisciplinary perspective, scientists and science educators from different scientific disciplines
were chosen to reach a consensus regarding what constitutes the big ideas in NSE. Big ideas are core concepts
that are critical and fundamental for understanding the basics of a field (namely, the field of nano-science).
They also suggested how these ideas might be introduced into the US science curriculum. The nine big ideas
are as follows: “(1) size and scale, (2) the structure of matter, (3) forces and interactions, (4) quantum effects, (5)
size-dependent properties, (6) self-assembly, (7) tools and instrumentation, (8) models and simulations, and (9)
science technology and society” (Stevens, et al., 2009).
A different methodology was applied in a study conducted in Israel (Sakhnini & Blonder, 2015). A threeround Delphi methodology was applied to reach a consensus regarding the essential concepts that should be
taught in high-school science. “Eight essential NST concepts were identified: (1) size-dependent properties,
(2) innovations and applications of nanotechnology, (3) size and scale, (4) characterization methods, (5) functionality, (6) classification of nanomaterials, (7) fabrication approaches of nanomaterials, and (8) the making of
nanotechnology.” (Sakhnini & Blonder, 2015). This study identified three NST concepts that had not yet been
recognized in previous research (Blonder & Sakhnini, 2016). This study was followed by an additional Delphi study to select nanotechnology applications recommended for the high-school level (Sakhnini & Blonder,
2016). As a result, five nanotechnology applications were suggested by experts in nanotechnology and education experts: “(1) nanomedicine, (2) nanoelectronics, (3) photovoltaic cells, (4) nanobots, and (5) self-cleaning”
(Sakhnini & Blonder, 2016).
At the college level: Wanson et al. (2009) adapted the “big ideas” that were identified by Stevens et al. (2009)
to the college level. They suggested that degree programs in Nanoscale science and engineering (NSE) should
include four aspects or areas in NSE (P-N-P-A): “Processing (how nano-entities are fabricated), Nanostructure
(how the structure of nano-entities can be imaged and characterized), Properties (the resulting size-dependent
and surface-related properties of nanostructured materials/devices), and Applications (how nano-materials
and nanodevices can be designed and engineered for the benefit of society).” (Wanson et al., 2009, p. 615).
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How can chemistry be taught according to each of these approaches?
Historical approach
Ben-Zvi (1999) claimed that students will be able to understand scientific concepts if they will learn them in a
simple and uncomplicated way, namely, by conducting discussions and referring to relevant phenomena, and
by using fewer calculations or formulas. Niaz and Rodriguez (2002) recommended focusing on controversial
theories, and conducting classroom debates and experiments, which were carried out in different periods. Conant (1957), Brush (1974), and Irwin (1997) recommended elaborating on the “spirit” of the various periods –
the economical, political, and social aspects.
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Contemporary research approach
Integrating contemporary research and development into a school chemistry curriculum is always challenging.
The experts who develop contemporary knowledge and skills are not teachers, and teachers did not encounter
the subject during their studies, since it was not yet known (Blonder, 2011; Drane, Swarat, Light, Hersam, &
Mason, 2009). This situation leads to a need for teachers’ professional development that will prepare them for
teaching contemporary scientific research in their classes. In the field of nanotechnology many courses were
developed for teachers, and teachers’ attitudes regarding the new field were examined (Blonder, 2011; Blonder
et al., 2014; Bryan, Sederberg, Daly, Sears, & Giordano, 2012; Gardner & Jones, 2014; Gorghiu & Gorghiu, 2012;
Lin, Chen, Shih, Wang, & Chang, 2015; Tomasik, Jin, Hamers, & Moore, 2009). A situation in which new scientific knowledge is integrated into a science curriculum can bring with it numerous advantages. Curriculum
developers must consider current learning theories regarding how people learn. Jones, Gardner, Falvo, and
Taylor (2015) analyzed different kinds of thinking that are required for understanding different NST concepts.
Children at different ages have different thinking abilities and therefore, different concepts should be taught at
different age levels. (Jones et al. 2015). Other studies examined different learning environments for the teaching
of specific NST concepts (Blonder & Sakhnini, 2012, 2015). There is no need to replace a traditional pedagogy
with a more appropriate one. The suitable pedagogy could be integrated in advance. For example, many studies were conducted that were related to students’ difficulties in learning the concept “size and scale”, a concept
taught in biology, chemistry, and physics courses. It is very hard to realize how small nano actually is since students cannot feel with their own senses objects at this scale (Jones et al., 2007). Educational studies have shown
that students can better understand small size and scale when they are taught it in comparison to objects with
which they are familiar from their everyday life experiences (Jones et al., 2007, Jones et al., 2015).
In addition, when we integrate contemporary research into school chemistry classes, students can learn
about the actual researcher who conducted the study. These meetings expose the students to the actual process of developing knowledge in science, as reflected from the eight NST essential concepts – the making of
nanotechnology, introduced by Sakhnini and Blonder (2015). Different means are required to arrange meetings
with active researchers. Students can participate in a scientific conference (Blonder & Sakhnini, 2015) and can
attend a researcher’s lecture (Kapon et al., 2009). Modern technology can help to bring scientists to school via
YouTube (Blonder et al., 2013) or on-line courses (Cohen, Blonder, Rap, & Barokas, 2016).

Three examples of teaching according to each approach
In order to better demonstrate how each of the approaches is actually applied for teaching chemistry, three
examples were chosen. The selected examples do not cover specific content in the science curriculum; they
instead represent central issues in science education: (1) using and developing models (Boulter & Buckley,
2000; Justi & Gilbert, 2002a); (2) understanding the relationship between science and technology (Sjøberg &
Schreiner, 2005) and (3) understanding the nature of science (Abd-El-Khalick & Lederman, 2000) We wish to
emphasize that other examples could be presented as well.
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Example 1. Model development
Historical approach
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The teaching unit “Science: an Ever-Developing Entity” (Mamlok, 1997) may serve as an example of the way in
which the structure of matter has always been understood through models. The unit elaborates on the connection between the development of various models of the structure of matter, and the periods in which they were
developed, as mentioned by Cramer (1979). It deals with concepts that refer to the structure of matter, developed according to “the spirit” of the era. It starts with Aristotle’s theory (the four elements) in ancient Greece,
continues with the work of the alchemists who were desperately looking for ways to turn simple metals into
gold, but worked according to Aristotle’s theory, and ends with 20th century atomic models. By learning the
unit (consisting of 30 periods), the students are exposed to the meaning of scientific models, and to the way in
which our understanding of the structure of matter has developed. In addition, they learn how the scientific
process has changed over the years, due to new data resulting from new experiments – data that could not be
explained by Aristo’s theory. Thus, there was a need to develop new models and new theories. In this way, students will be able to better understand how scientific developments interact with science and society (Elkana,
2000).
Scientific models are used in science as learning tools, as well as representations of abstract concepts and
as consensus models of scientific theories. Changes and developments in scientific models are based on facts
and the discovery of new facts / phenomena, and are not easily adopted by the scientific community (Mamlok,
Ben-Zvi, Menis, & Penick, 2000). Moreover, if both students and teachers understand the conceptual meaning
as well as the aspects of models, it might reduce learning difficulties and misconceptions in chemistry, and
help them in developing their own mental models of scientific concepts (De Jong, Blonder, & Oversby, 2013;
Erduran, 2001; Justi & Gilbert, 2002a).
The teaching unit describes how “the Greek model survived for many centuries until evidence and knowledge from experimentation led to contradictory conclusions. The introduction of quantitative considerations
into the chemistry laboratory brought about the revival of the atomic theory originally postulated by the Greeks.
Matter, according to Dalton’s 18th century views, consisted of small, indestructible particles. Dalton’s atoms
were the basic units of this matter; hence, they could not be interchangeable. Since Dalton’s theory was generally accepted, scientists concluded that one element could not be transformed into another. At this point the
period of the ancient alchemists ended” (Mamlok-Naaman et al., 2005).
One of the experiments will serve as an example to the students’ activities which are integrated in the
module:
Can iron be transmutted into copper?
Instructions
∙ Place a piece of steel wool into a small beaker.
∙ Add blue solution to cover the steel wool.
∙ After a few minutes, remove the steel wool, using forceps.
Questions:
1. What happened to the steel wool?
2. In your opinion, what happened in this experiment?
3. Design an experiment to test your hypothesis.
This goal of this experiment is to convey the message, that the alchemists succeeded in producing various
substances, but failed in turning base metals into precious metals such as gold by not searching a new theory
which should replace, Aristotle’s one. However, despite their failures, they developed important procedures
in their work, including methods of compounds production, and experiments’ performance, such as mixing,
separating and filtering methods.
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Contemporary research approach
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Contemporary research enables chemistry teachers and students to critique their knowledge by comparing
it to new scientific results. The basic concepts of chemistry involve atoms and bonds but in teaching them,
teachers usually build models to describe them. Since the days of Democritus’ atom and Avogadro’s molecule,
scientists have longed to observe these fundamental building blocks of nature. This dream came true in 1981,
with the invention of the scanning tunneling microscope (STM) (Binnig, Rohrer, Gerber, & Weibel, 1982). The
opportunity to use STM, and later on AFM (atomic force microscope) penetrated into science education. Margel,
Eylon, and Scherz (2004) developed and studied a program in which students who learned about the particulate
nature of matter in middle school chemistry were invited to the STM facility to actually visualize atoms. Blonder
et al. (2010) described in their review other curricular subjects that can benefit from the use of STM or AFM.
These instruments have very high resolution and in recent studies, they were able to show single molecules on a
surface (Gross, Mohn, Moll, Liljeroth, & Meyer, 2009), chemical bonds, and even hydrogen bonds (Zhang et al.,
2013) as presented in Figure 2 and Figure 3. The abstract concept of chemical bonding can be visualized and
can provide data for a class discussion about the differences between the model learned and the experimental
data, for example, what are the characteristics of each? What can we learn from each?

Figure 2: (a) AFM image of pentacene on Cu(111). (b) Ball-and-stick model of the pentacene molecule, which was obtained from Gross et al., 2009. License Number: 4602360082109, License date: Jun 05, 2019
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Figure 3: 8-hydroxyquinoline (8-hq) molecules adsorbed on the Cu(111) surface, which was obtained in Zhang et al., 2013.
AFM measurements of 8-hq assembled clusters on Cu(111). (a) and (b) Constant-height frequency shift images of typical
molecule-assembled clusters and their corresponding structure models (c and d). The dashed lines in (c) and (d) denote
likely H bonds between 8-hq molecules. Green, carbon; blue, nitrogen; red, oxygen; white, hydrogen. License number:
4602351508832, License date: Jun 05, 2019

Example 2. The nature of science (NOS)
Historical approach
NOS is meta-knowledge about science that arises from the interdisciplinary reflections made by experts in the
philosophy, history, and sociology of science, science educators, and by some scientists, but since the enterprise
of science is multifaceted and dynamic, it is hard to precisely define the concept of NOS. Indeed, no consensus
currently exists among these experts regarding one specific definition for NOS (Lederman, Antink, & Bartos,
2014). Perhaps one of the reasons may be that there is an attempt to establish a set of features that are common
to all science disciplines, i.e. to provide a holistic view of NOS (Erduran & Dagher, 2014).
Over the last few years, research has been conducted to both diagnose prospective teachers’ beliefs about
NOS and compare them with the recommendations of papers on the reform of science teaching (e.g. GarcíaCarmona & Acevedo, 2016) in order to promote a better understanding of NOS. There is no doubt that NOS
should be appropriately incorporated into science teaching, but by itself, it is insufficient, since many general
and specific factors influence its incorporation and its pedagogical effectiveness.
The critical and reflective reading of some newspaper articles with scientific content has great potential for
addressing NOS in science classrooms (Cakmakci & Yalaki, 2011; Shibley, 2003), but its educational efficacy has
not yet been sufficiently assessed.
In any case, when prospective teachers begin teaching NOS, they need some specific benchmark to decide
what NOS issues could be addressed in the school science curriculum. However, the establishment of such a
benchmark is not without controversy in view of the continuous debates about it within the science education
community (Allchin, 2011; Erduran & Dagher, 2014; Matthews, 2012; Schwartz, Lederman, & Abd-El-Khalick,
2012). Nevertheless, this controversy or discussion is understandable because of the multifaceted nature and
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complexity of science, which, over the last few decades, have given rise to diverse proposals on what NOS is
and what aspects of it should be taught (Duschl & Grandy, 2013; García-Carmona & Acevedo, 2016).
The following will serve as an example to one of the high school assignments regarding NOS:Students were
asked to write an essay focusing on scientists and their discoveries, entitled “The Person behind the Scientific
Endeavor”. In order to help students in writing an essay about “The Person behind the Scientific Endeavor”,
the teachers introduced them to the biographies of numerous eminent scientists from different periods. These
scientists developed scientific theories that often contradicted those that had been previously. The students
were asked to describe in detail the lives of these scientists and the discoveries made by them. They also produced work characterizing “their” scientists: a picture of the scientist accompanying an article that the students
had written. The students used internet resources, and the teachers helped them with references dealing with
the history of science. Afterwards, the class constructed a display along a time-line in order to place events,
scientists, and theories in their appropriate historical perspective. Thus, all the students felt that each scientist
represented by them had been given an honorable place in the history of science (Mamlok et al., 2000).
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Contemporary research approach
If we wish to transmit to students a real image of the nature of science and convey the way scientists actually work, we should provide students with the opportunity to encounter a modern, realistic image of science. Scientists today work in interdisciplinary groups and use tools and perspectives from other disciplines
to solve contemporary problems (Kähkönen, Laherto, Lindell, & Tala, 2016). Scientists today work with advanced instruments (Blonder, Mamlok-Naaman, & Hofstein, 2008; Blonder et al., 2010; Schwarzer, Akaygün,
Sagun-Goko, Anderson, & Blonder, 2015). They participate in prestigious conferences and communicate their
ideas (Blonder & Sakhnini, 2015; Laherto, Tirre, Parchmann, Kampschulte, & Schwarzer, 2018). Incorporating
modern scientific topics provides an opportunity to expose students to these sides of science that they are
not familiar with and are far from the image of the genius scientist with which they cannot identify. Sakhnini
and Blonder identified the NST essential concepts “the making of nanotechnology” (Blonder & Sakhnini, 2015;
Sakhnini & Blonder, 2015). This concept is defined as “revealing the mystery of nanotechnology, or in other
words, how nanoscience research is performed and how innovations are transformed into applications. This
concept has three sub-concepts: multidisciplinary science and technology, team work, and the development of
nanotechnology.” (Sakhnini & Blonder, 2015). This concept reflects the importance of exposing the students to
an authentic environment and to activities that are well beyond the scientific facts and the experimental results.
Students who participated in a nanotechnology scientific conference changed their perceptions regarding the
image of the scientist as a result of meeting real scientists at the conference (Blonder & Sakhnini, 2015).
Moreover, when we expose students to modern science, the understanding of which is not all known, part
of the nature of science reflects its ever-developing nature. Students realize that there are still open-ended
questions. This message is a call for future scientists to join the research and be the next scientist who will
explore new areas and find answers to the unsolved questions.

Example 3. The relationship between science and technology
Historical approach
Past ethical dilemmas are also discussed with regard to the roles of science and technology. People tend to
blame science for all the disasters (real or imagined), when really what is to be blamed is the manner in which
science, i.e. technology, is used. Another thing that should be understood is that since the beginning of time,
science and technology have been linked together. Developments in advancing our understanding of the world,
in turn, enable the development of new technologies, and the introduction of new equipment opens the door
to new ways of thinking. For example, developing more accurate balances enabled quantitative considerations
that led to the revival of atomic theory. However, theoretical developments of the atomic model enabled the
wide use of electricity from conventional power plants, and later the development of nuclear ones.

Contemporary research approach
Usually basic science is perceived as the knowledge provider for the development of new technology. The
revealing of new nano-materials with novel properties led to the development of novel applications in many
9
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fields. However, in nano-science the development of high-resolution microscopies such as AFM, STM and electron microscopies enabled scientists to actually see the nano-materials and the nanostructures they created in
research labs. The observation of these products deepened scientists’ understanding of the particles at the nanoscale and resulted in increased research work and the development of the nano-science and nanotechnology
field (Blonder et al., 2010).
The relationship between science and society has received much attention when dealing with contemporary research (Owen, Macnaghten, & Stilgoe, 2012). The European commission emphasizes the importance of
responsible research and innovation (RRI) values (Sutcliffe, 2011) and several programs for the development
of science education programs that integrate RRI into science education were developed and implemented in
Europe (e.g. Blonder, Zemler, & Rosenfeld, 2016). These programs bring to science lessons contemporary research, together with possible ethical dilemmas and environmental influences, which are discussed in class
(Apotheker et al., 2016).

Students’ motivation and attitudes: the influence of each approach
Historical approach
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Contrary to the situation at the beginning of the 19th century, when science was viewed as important, interesting, and exciting, the image of science today is rather negative. It is therefore reasonable to assume that this
lack of interest can hinder students’ motivation to become involved in science learning. A few studies show that
students’ perception of chemistry concepts is influenced by their motivation, and they learn only when they
want to (Fairbrother, 2000).
Based on studies regarding the use of the historical approach (Abd-El-Khalick, 2002; Erduran, Aduriz-Bravo,
& Mamlok-Naaman, 2007), we believe that students’ motivation to learn chemistry or other scientific disciplines
will increase, since they will be exposed to various projects of scientists from a variety of cultures, which will
enable them to better understand the scientific methodology and thinking.
One of the students who were exposed to the historical approach in chemistry class said:
“I did not like to study science, since I could not understand the meaning of many concepts. For example: the
concept of energy and its scientific explanations did not mean anything to me. However, when we started to learn
about the Phlogiston theory, it interested me. According to the Phlogiston theory, if something burns, it means that
it consists of a material that enables it to burn. This material was called Phlogiston, meaning: creator of flames.
Today we know about the existence of oxygen, which is “responsible” for a burning reaction, but then, people did
not know about it. In my opinion, the Phlogiston theory made sense and was not ridiculous. Today we use the
“energy” concept, but do people really know how to explain it?”. (Mamlok-Naaman et al., 2005).
The change in students’ attitudes towards science in general, and towards chemistry learning in particular,
was investigated in a study conducted with students who studied the “Structure of Matter” using a historical
approach (Mamlok-Naaman et al., 2005). At the beginning of the study, the students had negative attitudes
towards science and science and chemistry learning. During the study, however, they gradually changed their
attitudes. At the end of the study, one of the students claimed that he stopped turning off the television when it
showed a scientific program. Other students said that their self-efficacy increased, and that they were no longer
afraid about not being able to cope with chemistry problems. They also mentioned that the variety of teaching
strategies that were used by their teachers during these lessons improved their understanding of the subject
and enhanced their interest and motivation.

Contemporary research approach
On the other hand, the idea that teaching topics such as nanotechnology could be appealing for young students
is based on science educational research. Several studies found that teaching nanotechnology increases students’ motivation to pursue science studies and scientific careers. Hutchinson et al. (2011) investigated middleschool students’ interest and motivation in nano-science concepts and phenomena. To this end, students were
introduced to several nano-scale topics and phenomena through four manipulative activities and a series of
nano-scale driving questions. They found that students were most interested in NST topics that related to their
“real world” and daily lives.
Delgado, Stevens, Shin, and Krajcik (2015) developed a 12-hour instructional unit for size and scale, in a
summer science camp. The nanotechnology context influenced the students significantly and increased their
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knowledge about the size of objects. They became more involved and interested because the context was relevant to students’ daily lives. Blonder and Dinur (2011) conducted a study focusing on teaching students about
the nanotechnology application of LEDs (light-emitting diodes). They found that the number of students who
chose to enroll in an advanced chemistry lesson in school increased as a result of learning about LEDs. In a
different study, similar results were obtained (Blonder & Sakhnini, 2012). In a longitudinal study that summarized the professional development of chemistry teachers that designed a teaching module in nanotechnology
and evaluated it in their class, most of them reported that the integration of nanotechnology elevated students’
motivation to learn chemistry (Blonder & Mamlok-Naaman, 2016).
Note that nanotechnology elevates both male and female students’ motivation to pursue science careers
and does not create a gender gap (Srisawasdi, 2015). We can feel the enthusiasm of a junior high-school student
saying, “We actually saw atoms with our own eyes!” (Margel et al., 2004) and realize the motivational influence
of modern science on students.

Discussion
Since any suggested approach for chemistry education should be initiated by the chemistry teachers, we will
refer to teacher’s perspectives as an organizing framework for the discussion.
Teachers need to undergo suitable preparation when trying to implement each of the two approaches. Regarding integrating the contemporary research topic into school chemistry, teachers who completed their formal education before the development of the new field do not have the necessary content knowledge in order
to integrate a modern field into their teaching. As already mentioned, in the context of the historical approach,
Arons (1984) claimed that many chemistry teachers do not devote enough time to discuss the nature of the
scientific process and, as a result, miss opportunities to instill critical and investigative thinking skills.
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Historical approach
Schwab (1962) argued that expertise in teaching requires both knowledge of the content of a domain and knowledge about the epistemology of that domain. Teachers develop the requisite capability of transforming a subject
into teachable content only when they know how the disciplinary knowledge is structured. Numerous studies
(e.g. Lampert, 1990; Shulman, 1987) have illustrated the centrality of disciplinary knowledge to good teaching.
The challenge facing teachers’ education is that teachers in general have had little exposure to issues involving pedagogical knowledge beyond content knowledge.it should be noted that many times the teachers or the
book begins with a brief history of but this is usually done in an encyclopedic style, whereby knowledge is
presented as information without establishing the needed conceptual basis. Studies in the literature (e.g. Toulmin & Goodfield, 1962) show how that without the availability of well-prepared teaching materials tailored for
teachers there is little chance that the goal will be achieved on the large scale of the teacher education programs.
This need concerns the area of the general philosophy and history of science as well as to the area of the philosophy and history of specific disciplines. The teaching materials could be better prepared by having historians
and philosophers of science work together with teacher educators. According to many studies (Abimbola, 1983;
Gil-Pérez, 1993; Izquierdo, 2000; Leach, 2001), science teacher education requires explicitly selecting particularly powerful elements. Choosing those elements and discarding other less interesting or useful ones would
ensure that this meta-theoretical component is incorporated into teachers’ thinking and practice.
The available theoretical developments along this line generally point to the need to identify a functional,
useful framework for chemistry teaching. Authors usually select frameworks, topics, and concepts pertaining
to well-known philosophical views (e.g. rationalism, hypothetico-deductivism, revolutionism, and constructivism) and seek appropriate frameworks for these pedagogies and methodologies suitable for teachers. To
exemplify this practice, following a critical review during the 1990s of the extensive use of constructivism in
science education, some authors have highlighted the urgent need to review with teachers the moderate, critical versions of realism and rationalism, along with the aims of a liberal science education for all (Giere, 1999;
Good & Shymansky, 2001; Matthews, 1997).
Nature-of-science (NOS) is one of the important topics in science education in general, and in chemistry
education in particular (Erduran, Kaya, & Dagher, 2017). However, NOS proposals addressed to teachers typically select general topics from the nature of science for which there is a reasonable consensus among researchers. For instance, the scientific method, changes in theory, realism, contexts, scientific explanation, and
theory-ladenness are themes that have received increased popularity among science educators. These proposals
infuse such topics into activities using various strategies (for a broad range of strategies, see McComas, 1998).
For instance, a number of authors have turned to Giere (1988) decisional model of scientific judgment in order
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to design nature-of-science activities for prospective and in-service science teachers (Duschl, 1990; Izquierdo,
2000; Izquierdo & Adúriz-Bravo, 2003; Jiménez Aleixandre, 1996). Some of these activities select and discuss
famous episodes stemming from Giere’s ideas.

Contemporary research approach
In discussing the integration of the contemporary research topic, we should refer to several challenges: the
content challenge, the teachers’ beliefs in their abilities to learn and later on to teach advanced modern science
(self-efficacy beliefs), and the stage at which teachers need to adapt the new topic to their classes. When we designed an advanced course on nanotechnology (Blonder, 2011) the teachers were able to succeed in a knowledge
test. However, they felt that their understanding of nanotechnology was not deep enough in order to teach the
contents to their students (Blonder, 2010). In order to bridge this gap, we developed and implemented a threestage model to support teachers’ learning of the contemporary contents and the adaptation of the contents to
their classes (Mamlok-Naaman, Blonder, & Hofstein, 2010). Importantly, we found that the model produced a
better environment in which the teachers were able to develop their content knowledge, their efficacy-belief to
achieve deep comprehension, and to adapt the contents to their classes.
In addition to this challenge, we have found several opportunities when introducing contemporary topic
to teachers. The modern contents renew teachers’ enthusiasm towards the subject they teach (Blonder, 2011)
and they are able to transfer this enthusiasm to their students. The teachers participate in professional development courses to study the latest content. These courses provide an opportunity to use non-traditional teaching
methods while teaching the new contents. We have found that teachers adapt these non-traditional teaching
approaches when they teach about nanotechnology. This finding is reasonable since teachers tend to teach in
the same way that they were taught. As Putnam and Borko (2000) explained: “How a person learns a particular
set of knowledge and skills, and the situation in which a person learns, become a fundamental part of what
is learned.” (Putnam & Borko, 2000). However, we also found that teachers transfer alternative teaching approaches (such as using a teaching model, integrating videos, using a student-centered pedagogy, and having
students create and present a poster exhibition) to other topics in the science curriculum. This transfer was
found to be sustainable over the course of five years (Blonder & Mamlok-Naaman, 2016).
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Summary
We believe that both ways of teaching and learning – either through contemporary research or by using a historical approach – should be integrated into the chemistry curriculum, and that teachers should be acquainted
with both of them. This is acoed in a current study that compared the conceptual understanding of gas properties of students who learned in the historical or the contemporary context did not find any significant difference
between the two groups (Milanovic & Trivic, 2017). As mentioned, each approach: (1) deals with elements essential to chemistry education, e.g. the development of models, the relationship between science and technology,
or the nature of science, (2) has its own uniqueness and contribution to chemistry education, and (3) complements the other one, by presenting the succession of the development of science in general, and of chemistry
in particular. We suggest that teachers should be acquainted with the contemporary research approach as well
as with the historical one. However, as mentioned, teachers should undergo an intensive and comprehensive
preparation before implementing one or both of the approaches. They should receive proper guidance and
support regarding what to teach, and how to teach while referring to the historical aspects or to contemporary
research.
Here, different aspects of comparing two different approaches for chemistry teaching have been covered.
However, there are additional dimensions that were not discussed here that are relevant for the comparison,
e.g. the philosophy of science (Matthews, 2015) and the domain-specific philosophy of the chemistry (Erduran
et al., 2007; Erduran & Dagher, 2014). Another dimension that was mentioned briefly, and needs more attention,
is the epistemological beliefs of science teachers and students, which can be developed by the two approaches.
We hope that other researchers who find the discussion relevant to their research in science education will
contribute to this important topic.
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