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Executive Summary
The

research

aims

to

identify

pedagogical

approaches, tools and practices, focusing on
enhancing comprehension in science education in
high schools.
The research focuses on the ability to comprehend,
since it is one of the most important abilities of
people. Based on the research a methodology for enhancing comprehension in science
education in schools will be developed to help teachers work on, develop and improve this
ability in their students. It is not only important but crucial for the education process, since it is
responsible for the most difficult task - to pass on particular agreements, different notions,
processes and concepts not as a formal text, but in a manner that these notions and concepts
find their place among other concepts already existing in the students’ knowledge database,
relate to them and most of all be understood in a way, which will allow them to be further
applied in everyday life. Comprehension gives us access to know about the world around us. Our
way to be and to behave is deeply influenced by our perception and how we comprehend the
information that surrounds us.
The report regards comprehension in several ways:
•

Why is it important in the context of science learning

•

How it is related to vocabulary in science education

•

How reading comprehension of scientific texts can be enhanced

•

How listening comprehension in science education can be enhanced

•

Strategies, methods and tools, which can be used to enhance comprehension of
students in science education
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CHAPTER 1: Comprehension and literacy in the context of science learning
Author: Undinė Diana Tumavičienė, Kauno Juozo Grušo meno gimnazija , Lithuania
Translated in English by English teacher Jolanta Kasparienė, Kauno Juozo Grušo meno
gimnazija , Lithuania

Introduction
The modern day world is flooded with
numbers. The necessity of quantitative thinking
for humans is rapidly increasing in their work,
studies, at home and in the entire environment of
human life. Numbers, data, and diagrams make
modern life easier and at the same time more
complicated.

The

growth

of

quantitative

information has changed the entire social system.
Every day people are becoming more and more
dependent on digital technologies.
We can place all of nature, which surrounds us, from the verge of the Universe to the
smallest parts, as well as the knowledge about modern engineering and technologies into a
natural science and mathematical understanding frame, without forgetting problems, which
appear when we irresponsibly implement innovations. (Tamulaitis, Vaitus, 2002)
Students’ education in natural sciences and mathematics is based on the knowledge of the
subjects of natural sciences as biology, chemistry, physics, and astronomy. Furthermore, it helps
students to develop their skills in a healthy lifestyle, taking into consideration environmental
issues and being aware that the understanding of natural science has a huge influence for the
social, political and economic life of humanity. The world of nature is all-embracing and for this
reason the education of students cannot be limited by teaching only some (separated) scientific
subjects. We have to analyze the common points of contact: the common thematic topics of
sciences and mathematics, which are closely related with students’ everyday life, universal
concepts and consistent patterns, based on the recognition methods of living and inanimate
nature (The Framework Programme). The science is identified as the complex part of scientific
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literacy in many international science educational standard programmes (Allchin, 2014). The
term of scientific literacy firstly was mentioned when Paul Hurd (Hurd, 1958) used it in his
publication called “Science Literacy: Its Meaning for American Schools”. (Laugksch,2000) It is
very difficult to provide a clear meaning to either term - science literacy or mathematical or
even technological literacy. The French term „la culture Scientifique et technologique” was
suggested during the meeting of science and technologies (UNESCO, 1993), its translation clearly
reflecting cultural aims and the way to essence of recognition that the scientifically and
technologically literate person operates inside society as a whole and quite simply as a scientist
within his/he workplace. (Holbrook, Rannikmae, 2009) The science and mathematical literacy
was defined in EBPO as „the individual‘s knowledge of science and mathematics and the usage
of this knowledge aspiring to recognize the problems, acquiring new knowledge, to explain the
scientific phenomenon and to propose the implications with the reasonable argument“. It
involves the knowledge of the essential research features, understanding how science,
mathematics, and technologies form our material, intellectual and cultural environment as well
as our wish and conscious citizen‘s determination to practice and engage in the activities closely
related with science and with science ideas. (Baleviciene, 2014). The majority of the modern
constructs are based on quantitative information. Hence, the understanding of the quantitative
aspects and relations and the ability to use them is the new literacy of modern age without
which is impossible to manage in our life. According to Bernard Madison (2003) in nowadays
society the importance of mathematical and natural science (quantitative) literacy is equated to
the right to life, freedom, and aspiration to happiness. Without the satisfactory capability to
„think in numbers” (Steen, 2001) the human cannot make either mindful decisions or acceptably
participate in social life in modern society. However, it is noteworthy to mention that modern
person is not often prepared to live in the world of numbers, the quantitative information age,
whereas the part of society is thought is mathematically illiterate (De Lange, 2003; The
Quantitative Literacy Design Team, 2001). From this come the new importance and the new
demands for teaching mathematics in school. Every country tries to establish the new objectives
and requirements for teaching mathematics and to newly define what is mathematical literacy,
what would be the achievable result of the mathematical and science literacy in school and how
to measure this literacy (ICME-10, Edge, on the Internet). Every country differently manages
these time-period challenges for teaching mathematics and nature science, because it depends
on what kind of role they play and played in these countries (Steen, 2003). For all the answers
are common that mathematical and science literacy has to be intended to all without any
http://goscience.com
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exceptions. It is essential to analyze and to define the concept of mathematics and natural
science literacy. For this reason, there are some goals:
•

To propose the analysis of the mathematical literacy terms found in the

scientific literature;
•

To cover the literacy differences between mathematical and natural science;

•

To review various definitions of mathematical literacy conceptions;

•

To distinguish the main elements of mathematical literacy;

•

To organize the pattern of mathematical literacy.

In the world‘s scientific literature can be found some efforts to define the mathematical
literacy, therefore, they often are limited only with the suggestion of one definition without
analyzing the existing.
The Problem of the Literacy Conception
The majority claims that nowadays mathematical literacy is essential (The Quantitative
Literacy Design Team, 2001; Cuban, 2001; Wadsworth, 1997; Madison, 2003; Steen, 2001 b),
however, the other majority states that it is not simple to define mathematical literacy (The
Quantitative Literacy Design Team, 2001; Madison, 2003; De Lange, 2003; Bass, 2003; Manaster,
2001; Edge, on the internet Price, 2004; Briggs, 2002). Mathematicians state that mathematical
literacy is easy to identify and to admit, therefore to define it especially complicated (Briggs,
2002). The conception of mathematical literacy is different not only in different countries (Fiske,
1999) and different cultures (De Lange, 2003) but it is different among the same countries‘
scientists. The definitions of mathematical literacy also vary (CIEAEM 53, 2001), they are
changing the course of time. Nowadays, in the age of information and figures, once again is
important to define the mathematical literacy (Steen, 2016). In the English texts the most
commonly analyzed terms of the conception are:
• numeracy;
• quantitative literacy;
• mathematical (mathematics) literacy.
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Yet some different terms appear, such as numeracy, quantitative literacy, quantitative
reasoning, mathematical proficiency, mathematical competencies, matheracy & mathemacy.
There are some synonymously used terms, which define the mathematical literacy:
• quantitative reasoning (Price, 2004; Briggs, 2002);
• quantitative practices (Denning, 1997);
• mathematical competencies (Niss, 2003);
• mathematical proficiency (Edge, on the internet; Steen, 200lb );
• mathematical power (Kouba, 1998);
• mathemacy (Skovsmosc, 2004);
• matheracy (D'Ambrosio, on the internet);
• functional numeracy (Cuban, 2001);
• functional literacy (CIEAEM 53, 2001);
• functional mathematics;
• statistical literacy (IASE, 2005); or simply mathematics.
Some countries use some of the terms while others – other. The term „mathematical
literacy“ is used in the international researches of the students achievements, for instance, IEA T
IMSS (Trends in International Mathematics and Science Study) and OECD PISA (Organisation for
Economic Co-operation and Development, Programme for International Student Assessment).
Part of the scientists exceptionally indicate that mathematical literacy is not the same as
mathematics (Gal, 1997; Steen, 2001b; 2003; 2004; Orrill, 2001; Manaster, 2001; HughesHallett, 2001; Briggs, 2002; Brentley, 1999; The Quantitative Literacy Design Team, 2001; Ewell,
2001; Cozzens, 2003; Somerville, 2003) and define the difference between these two subjects.
The essential difference among mathematics, science, and literacy is outlined as follows:
educational subjects are academic and abstract, while mathematical and science literacy –
commercial, always concrete, practical and contextual (The Quantitative Literacy Design Team,
2001; Steen, 2001b; 2003; Briggs, 2002). The modern students need both subjects; mathematics
and science as well as mathematical and scientific literacy because they play different roles in
http://goscience.com
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education. These two subjects are equal partners although they are different. Steen (2004)
describes academic subjects as subjects, which existed for ages and found in all the sciences,
technologies and in engineering. He sees mathematical and scientific literacy as practical, based
on data and computers and seen in all real, informative aspects of life. The objects in
mathematics and science are ideal – models, the objects of mathematical and science literacy is
data and measurements that are often obtained from the computer. Collins (1999) defines the
difference between science and literacy highlighting that mathematics and science have two
different accents: thinking and argumentation, which help to solve particular problems; the
other – equipment, which enables these problems and gives them the context. The ability to use
the equipment is mathematical and science literacy. Orrill (2001) and Hughes-Hallett (2001)
maintain that traditional education of mathematics and science not always allows acquiring the
competence to operate quantitative data and figures. The mathematical and science literacy
does not lead to abstraction but is concentrated on true-life contexts. The mathematical and
science literacy has to expand mathematics and science into the other subjects where the
quantitative aspects are often ignored. While learning mathematics and science two steps are
necessary: to get to know scientific principles and to recognize science in the context (this has to
be mathematical literacy). As usual for the students, the first step seems not easy while the next
is much more complicated. The Quantitative Literacy Design Team (2001) describes the
difference between mathematics and science and mathematical and science literacy that for
mathematical literacy the abstract is not the center of attention. These specific circumstances
are the themes, which are relevant to life and work, not only for some professionals but for all
people. Manaster (2001) states that in mathematics and science the essential thing is reasoning
and proof that premise becomes proposition, while in mathematical literacy it is the other way
around – the findings are often made from the approximate calculations but not from the
strictly collected data. The fundamental thinking in mathematics and science is deduction while
in mathematical and science literacy – induction and analogy. Ewell (2001) on the term
„literacy” implicates integral potential to operate meaningfully in a given practical society. All
presented opinions of the scientists show that mathematics and science and scientific literacy
are different but equal in importance subjects. The differences they present can
be summarized:
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SCIENCE

Science Literacy

•
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

Abstract
Concrete
Less dependable on the context
Independent from the society
Apolitical
The essential things – formulas and relations
Based on methods and algorithm
The problems strictly defined
Precise counting
Disciplinary
Solves the problems
Less possibilities for practice
Predictable

Real
Distinctive, with changeable context
Very much dependable on the context
Depends on society
Political
The essential thing – data
Focus on one particular client needs
Not strictly defined problems
Approximate assumptions
Interdisciplinary
Describes problems
Many possibilities for practice
Unpredictable

According to Briggs (on the Internet, p. 2), „science is only part of the much bigger area of
skills, which is simply called literacy and involves critical thinking, formulation of the problems,
written and spoken communication“. Mathematical and natural science literacy presents the
power and usefulness of science to the society where we live (Briggs, 2002). Therefore from the
review of the literature is seen the dominant opinion that mathematics and science
and mathematical and science literacy are different but at the same time coherent subjects.
From the same literature review is have also seen that the following terms are used for defining
mathematical literacy:
• terms mathematical literacy, quantitative literacy, and numeracy - different;
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• terms mathematical literacy, quantitative literacy, and numeracy synonymous;
• mathematical literacy is quantitative literacy subset;
• quantitative literacy - mathematical literacy subset;
• numeracy is quantitative literacy subset and mathematical literacy subset.
Literacy in general answer to the question “can you read and write”, while quantitative
literacy answers the question “can you count and calculate”. The term quantitative reasoning
shows a much higher level. Denning (1997) thinks that if we pay attention only to quantitative
literacy we may not achieve the objectives of education. Therefore, he suggests proceeding
from quantitative literacy to quantitative practices. Focusing on literacy, according to the
scientist, leads to a description of practice but not to the practice itself. Thus, literacy is
presented there only as the introduction to figures and counting. Quantitative practices open
wider possibilities to work with numbers and data. Both scientists suggest changing the
term literacy to the other terms because it narrows the meaning.
According to Kouba (1998), it is a must to focus not on mathematical and natural science
literacy but on mathematical power. Mathematical power is understood as:
•

ability to analyze, predict and discuss clearly,

•

not to solve routine problems,

•

communicate about mathematics and communicate invoking mathematics,

•

connect different mathematical ideas and mathematics and other intellectual

activities as well.
In the USA National Adults Literacy Survey NALS (NCES, 1993) mathematical literacy is
defined as knowledge and skills useful for applying arithmetical operations alone or in a
sequence, use of figures which are presented in the printed materials (e.g. to make a balance
from the checkbook, to fill in the order form). Johnston (1994) stated that mathematical literacy
is critical knowledge which unites mathematics and the real world with all its variety. There is no
specifically defined mathematical level which could apply and fit people with different
occupations. Paying attention to different work and life contexts the different aspects of
mathematics have to be activated. Willis (1990) describes mathematical literacy in other words:
as the attitude that mathematics is substantial for a person personally and to the community
that surrounds the person, as the having learning skills and fundamental mathematical concept
http://goscience.com
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needful for self-sufficient understanding the new mathematical ideas and knowing:
understanding the mathematical arguments. According to chronological order, Dossey (1997)
ideas have to be presented. He proposed that the best method to understand mathematical
literacy is through six mathematical behavior aspects: the representation and interpretation of
data, the „sense“ of quantitative operations and figures, measurements, variables and
connections, geometrical figures and space imagination and probability. These aspects give the
background to act in a wide spectrum of the mathematical environment. Iddo Gal (1997)
describes mathematical literacy as the unit of skills, knowledge, beliefs, tendencies, ways of
thinking, the abilities of communication and problems solving, which are important for human
to effectively and autonomously deal with work and life quantitative situations. Australian
National Conference in 1997, which was dedicated to the theme of mathematical literacy
reported that mathematical literacy was described simply: as the usage of mathematics for the
purpose of achieving particular aims in a particular context (AAMT, from Commonwealth,
2000). At the same time, in 1997, in the Australian National Literacy guidelines, mathematical
literacy is described as the effective usage of mathematics aimed to implement common life
needs at home, in a paid work and participating in community and social life (Siemon, 2000).
Other Australian documents add to this description the ability of critical thinking and effective
communication as well as preparation for successful learning at school and for further studies.
In the opinion of the scientists from the Singapore curriculum (Edge, on the Internet) of the
mathematical center, mathematical literacy is problem-solving alongside with the importance of
mathematical knowledge, skills, processes, attitudes, and metacognition. The International
Living Skills Survey ILSS defines mathematical literacy wider and as a unit of skills, knowledge,
attitudes, ways of thinking, abilities of communication and problem solving, which is needful for
effective management with quantitative situations in life and work (ILSS, 2000). Once again it is
understandable as the demand for the connection of mathematics knowledge and the real
world. Trends in International Mathematics and Science Study survey define a mathematically
literate person as a person who has a particular understanding of the mathematical concept,
can use the principles of mathematics interpreting data and providing solutions (IEA, 1998).
Sometime later in the International Adults‘ Literary and Living Skills survey (ALL), which was
accomplished in 2002 and 2003, mathematical literacy was defined not as passive skills
„portfolio“ but as the model of the active behavior, according to which a person could „deal“
with various situations, solve problems and react to quantitative information (Gal, 1999). The
other document from the same survey mathematical literacy is defined very simply as
http://goscience.com

10

GOSCIENCE 2017-1-BG01-KA201-036209
„knowledge and skills useful for effective „dealing” with mathematical needs in various
situations” (Manly, 2000, p.3). According to the Programme for International Student
Assessment (PISA) survey (fifteen years students‘ mathematical literacy was researched and the
term mathematical literacy was defined as the ability of an individual to recognize and
understand the role of mathematics in the world to make well-founded mathematical solutions,
to use mathematics and to engage into mathematics in such approaches which fit the modern
and future needs of the individual and leads to becoming constructive, interested and reflective
citizen (OECD, 1999)). The word „world” is used in the definition means the natural, social and
cultural environment of the person. „Use and engage” means not only the use of mathematics
to solve various problems but also decision „for mathematics”, to consider mathematics as
valuable even approve of it. J an de Lange is the name of a scientist which can be met when
talking about mathematical literacy. He managed International Students’ Assessment surveys
(TIMSS and PISA) and the groups of mathematician experts, which exactly defined the
mathematical literacy in the survey. According to this scientist, mathematical literacy is the
ability, invoking mental processes, to “deal” with figures and data correctly in the problematic
situations. The mathematical literacy mainly describes the way of thinking but not the list of
topics or skills. Mathematical literacy is not about how much of mathematics the person knows
but how he is good at adapting the knowledge of mathematics (Hughes – Hallett, 2003). Two
different views into the conception could be seen in the presented definitions. Some of the
scientists are focused on individual power to use quantitative equipment, while the others – on
the ability to understand and to acknowledge the importance of mathematical methods in the
modern world. Some of them highlight common mathematical abilities while others – the higher
level of thinking. However, from all the definitions can be seen that mathematical literacy
cannot be defined as only the term of mathematical knowledge. Mathematical literacy is
defined more as mathematical knowledge i.e the competencies of a person to use mathematical
knowledge practically and functionally. To summarize, mathematical literacy conception can be
defined in words of Bass (2003) as the knowledge and skills of mathematics in practice (or
adapted to a particular context). And even shorter, according to Hobden (2003) – useful
mathematics.
The component elements of the mathematical literacy
It is seen from various definitions of the mathematical literacy in the literature that they
more or less differentiated. It is impossible to choose one definition which correctly describes
http://goscience.com
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the concept. Every definition highlights some important elements. Because it is difficult to
define mathematical literacy it is also difficult to determine what does it mean to be
mathematically literate (Pugalee and Chamblee, 2000; Steen, 2004). So, it is meaningful to
distinguish the essential elements of this concept:
•

Universality. Mathematical literacy is for everyone, not only for a handful of

professionals and the race, gender, social status is not important.
•

The relevance of the themes. Themes have to be actual for students not only

now but also for their future to the particular group of people. What is actual for the
students who study in vocational schools and prepare to be builders is not essential for
the students from secondary schools.
•

Logical (mathematical, critical) thinking. It means the rise of questions,

analysing, reasoning, the understanding of the arguments, the questioning of the
hypothesis, the identification of the mistakes, the prediction of the future mistakes,
understanding of the mathematical concept margins, the differentiation of the distinct
proposition (definition, theorem, hypothesis, example, prediction, solution and etc.).
•

Mathematical argumentation. Knowledge of what proof means and what are

the approaches of proving, which ways the proof is different from the others ways of
reasoning, the ability to follow the sequence, the heuristic „feeling“, the creation of
mathematical arguments and their expression.
•

The solution to the problems. Raising the problem, formulation, and solution in

all possible ways. Understanding the various strategies for making solutions.
•

The usage of logical and quantitative methods, while solving everyday

problems. Mathematics may be the powerful equipment in life, equal to reading and
writing.
•

Understanding the symbols. The skill to use algebraical symbols, the ability to

read and interpret them. Appropriate usage of mathematical symbols in grammar and
syntax.
•

Spatial thinking. The imagination of spatial frames and their interaction as well

as the ability to think „more spatial“.
•

Practical abilities. The knowledge of how to solve quantitative problems which

are mostly met at home, studying and at work.
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•

The wide usage of mathematics. The interpretation of data. The reading of

diagrams, graphs, the explanation of data, making conclusions, the recognition of the
source of mistakes. The data is the most important part of the mathematical literacy.
The knowledge of mathematics is compulsory. Having the skills to use a wide scale of
algebraical, geometric, statistical and probability equipment.
•

Mathematics in context. Usage of mathematical equipment for the various

specific situations. Counting system, the strategies of problem-solving, the character of
the achievable results – everything depends on the specifics of the context. The context
has to be real, adapted to the needs of the students. That what is for one's real context,
for others might be only pseudo-real.
•

Cultural aspect. The dependence of mathematical literacy on the specific

culture. The roles of mathematics and the importance of it through the history, in
scientific research, in the process of progress, the seeing in the social realia. „To come to
terms” with mathematics. „Convenient feeling” while operating mathematical ideas.
The skill easily adapt to quantitative methods. Ability to evaluate by heart quantity,
interpret and to check the information. „To come to terms” with mathematics is the
condition, which contradicts the condition of the „fear of mathematics“. When it
„comes to terms” with mathematics, mathematical literacy is as natural as simple
language and writing.
•

Mathematical communication. The ability to express yourself in the

mathematical language – spoken, written and visual. The understanding of the other
person‘s mathematical language. The presentation of data and results. The ability to
decode, encode, „translate” from the mathematical language or into it with different
visual forms mathematical objects and situations. The ability to choose suitable visual
forms.
•

Work with information. The search for information, collecting, analyzing and

sorting. Experimentation. The rise of the hypothesis and checking. The ability to
construct the experiment. Planning. Simulation. Structuring, formulating problems, the
search of generalization and rules, making conclusions, the finding of the complex
systems relations, the expression of the reality with mathematical structures, the
establishment of models’ validation. The use of technologies and mathematical
equipment. The introduction of data to the computer, counting, the visualization of data
and results in the computer. The ability to use calculators and other equipment for
http://goscience.com
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counting. Attitude. The understanding of mathematics as the value. All these elements
of the mathematical literacy concept are interactive. Some of the mentioned elements
sometimes are called mathematical competences (OECD, 1999; Niss, 2003; Carss, 1997).
It is important to pay attention that mathematical literacy concept does not contain
only skills, which are useful for mathematical literacy, even if they are only useful for
living in the modern society. Besides, according to The Quantitative Literacy Design
Team (2001), the mathematical literacy skills learned separately from the context would
not be effective because it is not like many may think that once skills are learned and
when needed will be applied in various contexts. Moreover, mathematical literacy is not
the subject and is not the sub-subject of the mathematics (Briggs, 2002). According to
Gillman (1999), mathematical literacy can be learned while studying mathematics but
also can be learned while studying other subjects. The other scientists are much stricter.
For instance, Schneider (2004) states that there are not the other subject which is able
to educate mathematics. Skovsmose (2004) also states that there is no any programme,
any „only way” to the mathematical literacy. Mathematics lessons provide the basic
knowledge and skills, which is required for mathematical literacy, while other subjects
provide the necessary context for it. According to various scientists, mathematical
literacy is varies according to the subjects (Briggs, 2002; Orrill, 2001; Hughes-Hallett,
2001; Steen, 2001). There are also others who think that mathematical literacy is more
of an art than science (Ellis, 2001). It is possible to construct the model of the
mathematical literacy and educational concept, which would reflect all mentioned in
this chapter elements and to group them into the particular meaningful groups (picture
2). In the center of this model – the knowledge which is essential for acquiring
mathematical literacy. It has to satisfy three principles: universality, contextualization
and the themes of relevancy. In the second circle the subjects which enable
mathematical literacy: attitude, technologies, and communication. In the third circle –
processes, procedures, and strategies. The cultural aspect has an influence on all the
unit and the result of this unit is „to come to terms” with mathematics.
The survey [8] shows that for the students it is difficult to recognize problems, to indicate
reasons, to relate knowledge, explain and to argue. These abilities are closely related with the
mathematical abilities which are educated in the mathematics educational process. For this
reason, it is important to ascertain what kind of educational methods, suitable for Z generation
children, we have to choose and what we need so that these methods would work.
http://goscience.com
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The empirical method of education: Kolb [3] proved that if we want to learn qualitatively we
have to realize four stages that fit his parts of the model: theory, experimentation, practice, and
reflection (the reflection of what is understood or self-control, contemplation and whether or
not my theory fits mathematics theory [2]). Kolb emphasizes that it is absolutely not essential,
from which position we start learning. It is essential that all parts of the cycle would be realized.
In the Eastern European countries applied method for teaching mathematics e.g. starting from
theory is widely used. In the Western countries, the empirical method is common when
teaching starts from experimenting. In the Western countries students’ text books in
mathematics, each new theme starts with many examples, which are related to real processes.
The aim of these processes is to accumulate student‘s certain experience, which is generalized
while the student is formulating the hypothesis.

1 picture. Empirical learning – teaching model (adapted according to Boud, Pascoe, 1978,
p.5).
This way the learner, possibly on his/her own, discovers the truth [2]. But in mathematics
the experiment is not the criteria of correctness, so why does the hypothesis need to be proven.
Thereby, Kob‘s cycle goes round, the learner applies to the theory what humans’ generalized
experience shows. It is possible to start learning from the practice i.e. from formulating the
concrete task or real problem. Then we reflect what we know about the precise problem, make
a plan and apply to the theory finding what is known and what we can use. This type of learning
is called problem-orientated. All the parts are difficult to realize in the lesson (to complete the
necessary skills we need time and not everybody needs the same amount of it). For this reason,
some of the stages are left for homework. In the case of the applied science model, the part of
practice and reflection (self-control) are often left for homework. In the case of the empirical
teaching method, the experimental part is suggested to be left for homework and the student
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brings the hypothesis to the classroom. In this case the learning – teaching process proceeded in
two cycles (2).
The inner cycle – homework, external – teamwork, which starts for the reason that the inner
cycle would not be sabotaged. At the same time work is controlled. Sometimes the stage of the
activity could be left for homework (to do the self-control test), because the teacher knows the
students’ mistakes even before coming to the classroom and it would be possible to allow more
time for the discussion. Because the Z generation children prefer individual work (inner cycle)
and they like to express themselves when they are in a group (the discussion in the external
cycle). Тhis model is oriented towards them. The only remaining thing is to incorporate some
technologies. They are meaningful when there is no teacher or when organizing the help for a
teacher. Hence, the material for the realization of the external cycle (teaching programmes, the
content of the students‘ book, material for self-control, open access to teaching files) is
appropriate to transfer to the learning environment ( Moodle is used in KTU). The tests are
useful for the control ( to check the operational abilities) in case the teacher after the activity
could see all the statistical data about the mistakes students‘ made and as well as for organizing
the appropriate discussion. The question follows what is needed that model would work
successfully?
The possible problems realizing the model:
The results of understanding mathematical and scientific texts research confirm that
students are not able to read and understand mathematical text clearly [8]. Although secondary
schools programmes guarantee mathematical literacy (it includes the ability to read) though, the
understanding of the mathematical text is poorly checked during the exams. For this reason, in
the school, there is not a lot of attention paid to it. Therefore, to read the mathematical text is
not so very simple. Consequently, only the most talented students would be able to study
according to this model. Nowadays Z generation children are already in schools but the
educational process is left for the teacher. However, it is not only related to the teacher. A
teacher cannot work traditionally. As soon as possible open courses have to be organized (or
local through the Moodle environment) and self-control tests should be done over the Internet.
Maybe this module would not appeal to all learners and older teachers, because traditional
teaching is still used widely. Therefore, it requires additional teacher competencies to manage
new technologies and virtual environments. Among Z generation children, which is applicable
also for all other generations, it is possible to find less talented ones, who are not be able to
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learn individually. This generation is distinguished by the fact that the abilities of the children
vary considerably. Consequently, traditional teaching would be used in parallel with other
alternatives. Thus, a teacher would work in parallel according to two (or maybe several) models.
Those who are not able to learn individually would be able to return to the teacher for
reinforcement whereas weak students would have a possibility to do homework (self-control) in
the electronic area. However, the teacher will be more overloaded with work: work with
students with different abilities and preparation of materials for the electronic access.
Consequently, new challenges require new decisions in educational policy related to the
brighter differentiation of students and programmes. Because Z generation children have
problems related to information generalization, systematization, disclosure of the causal
connections, for this reason, in the educational process of mathematics and science, more tasks
connected with these problems need to be introduced. So, the main question would be held
„why do I do things that way?“. Expanded teaching is being changed into deep teaching. For this
reason, a too expanded learning content might be an obstacle before the implementation of an
experienced learning-teaching model, because it requires more time expenditure on the part of
the learner. The support culture is very important. Using science methodology, interpreting the
research data, creatively connecting the knowledge of various subjects for the purpose of
recognizing and solving real problems is still difficult for the students.
According to the TIMSS research, the main reasons for this are:
•

Schools are in need of science lab equipment;

•

Science teachers lack abilities to organize

experimental works appropriately;
•

Teachers lack the ability to use effectively the

educational environment - not only the one in the school
but also the external one;
•

Science

teachers

rarely

use

modern

and

communicative technologies.
The parts of science in the Framework programmes
are fragmented, non-coordinated and for those reasons
are disadvantageous for students to educate their holistic
approach to the world, cultural thinking and problem-
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solving abilities. The practiced educational methods do not encourage a student to experience
the delight of researching the environment and individually contribute to the society solving
important problems.
It is rarely suggested for students to individually formulate the hypothesis, to plan or to
accomplish research. The following objects for the implementation of the goal of the education
of natural science education are raised:
1. preparation (updating) the content of natural sciences education for the development of
the students' natural sciences competence;
2. improvement of human resources for natural sciences education;
3. development of material resources for natural science education. Pupils’ natural sciences
competence is formed by valuable provisions, knowledge, and skills to adapt them, their ability
to critically analyze phenomena of reality, to carry out research, to recognize, to solve problems
creatively and innovatively, taking into account the need for the natural environment and
society. The curriculum focuses on the development of pupils' competences substantially
changing the attitude towards learning, the process of recognition, and knowledge. To make
these changes happen, it is important for the teacher to choose and apply modern teaching
methods effectively.
More and more researches show that pupils learn more effectively if they have the
opportunity to engage in "authentic - learning - activities", where it is necessary to use the
subject knowledge to solve real-life problems. An active, well-organized activity in the classroom
has been shown to have a positive effect on learning when active learning methods are used in
the learning process to help to structure knowledge, consider alternatives, conduct research and
surveys, write and analyze, and communicate effectively (Education Development Centre, 2009)
In classrooms, teachers face a specific challenge to create a specific learning experience that will
help students to develop their perceptions of science and contribute to the ultimate goal of
functional academic literacy. (Allchin, 2014) Using natural research methods more often,
students have the opportunity to explore, visually see the object or phenomenon. Students
need to get to know the planning of the experiment as early as possible and do as much
research work as possible in all areas of the activity. (Bikute, Dzikaviciute, Vascenkiene, 2009)
The natural science literacy of society depends to a great extent on the competence of the
teachers of scientific subjects. The teacher of natural sciences must have a good command of
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various teaching techniques, have a good (appropriate for contemporary natural world concepts
of the world) basic natural science education. (Lamanauskas, 2005) The teacher must enable
students to experience success, the joy of cognition and discovery, regardless of their age or
abilities, and therefore it is important to provide more individualized and differentiated tasks.
The ability to learn is one of the most important components of science education. New things
are easier to assimilate and understand when learning matches the individual needs of the
students. The teacher organizes activities in such a way that pupils learn to apply different
learning strategies, select the most effective and create the only learning system that is specific
to them. (Bikute, Dzikaviciute, Vascenkiene, 2009) In 2012, researchers at the XV International
Science Symposium organized by the International Society for the Study of Natural and
Technological Education (Clement, Quessada, Castera, 2012) in their report draw attention to
the fact that there are striking differences among teachers' attitudes in various countries
regarding various concepts of life, evolution theory, genetic determinism and etc. The obvious
relationship between science and society, as well as significant synergies among scientific
knowledge, values, and social practices. What kind of teaching-learning methods we will use
what kind of teaching-learning (style) or strategies we will apply, the motivation of student
learning remains one of the most important components of teaching-learning. As G. Petty
states, the motivation is equal to faith, how much the student hopes for learning success and
how much he values the learning. Integration of subjects improves the process of education,
forms the total knowledge of the world. Integrated lessons help in practice to test how students
can apply their knowledge, what skills and abilities need to be improved. The European
Commission (2009) acknowledged that teaching-learning in nature is the most innovative way
for students to convey the concept of sustainable development. The educational process in
nature meets the changing demands of society. What the students are taught in nature is in
perfect harmony with the transfer of changing values to the younger generation. (Motiejunaite
etc., 2013) Nowadays, the education of natural sciences is enriched by virtual experiments and
interactive learning objects. Yet, focusing on the development and promotion of information
technology is a threat to study nature in a virtual environment, away from a specific, learning
environment. (Motiejunaite etc., 2013). Educational methods used in the education of natural
sciences are:
•

Using the teaching methods involves the students in the alleged or actual

scientific work, directing them to research the reality by the practical work of the
researchers and encouraging them to be active participants in the educational process.
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•

The search method encourages students to think logically, to choose creatively

convincing arguments, and construct the evolutionary process. Students are searching,
watching, modeling, and are aimed to create a picture of the phenomena as a whole.
•

Training, practical methods develop practical working abilities and skills, pupils'

creativity. Skills developed during practical work become the basis of conscious learning.
Informative teaching methods are used to answer learners' questions and to deepen
and expand their knowledge of natural science.
•

Provided and reproductive teaching methods are important for explaining the

gaps to the learner and helps the teacher to lead the learning process in a creative way.
•

Model building methods.

Learning in the nature from objective reality the objects and their images encourage
learners to acquire knowledge of natural sciences to apply it to create new models and to
problem-solving, to analyze information obtained and to make generalizations. Conducting
researches in nature is aimed at the explanation of the integral natural phenomena and
processes and to understand physical and living systems. (Motiejunaite etc., 2013). Brazilian
researchers, after analysing school textbooks (Lopes Pinhao, Martins, 2012), note that there is a
clear relationship between social and economic (for example, sustainability, consumption,
quality of life), biomedical (for example, pathogens, prevention), sanitary hygiene (for example,
waste management, contamination) and ecological (for example, biodiversity, natural
resources) components. Adequate reflection of all components in the textbooks is a complex,
thorough work, involving not only researchers but also teachers' practitioners. Attention is
drawn to the need to highlight the positive dimension of the provisions on natural science
education. The use of other resources is becoming more effective than the use of textbooks.
Audio-visual resources at the lessons of natural sciences are often used to motivate learners
interpreting complex natural-science concepts and analyzing various phenomena. However,
studies show that teachers are not well prepared for the effective use of audio-visual means.
(KistlerVidal, Coimbra Rezende Filho, 2012) The results of the research also show that there is a
need for a better understanding of teachers’ practical work with audio-visual materials in order
to foster their creativity. (Lamanauskas, 2013) Educational programmes and textbooks should
direct the student to understand interdisciplinary communication, avoid strict demarcation of
sciences, and abundant factual material. Science and its knowledge are always perceived and
understood in the context of their close connection with technology, society, culture.
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Conclusions
1. There is no general term to describe the concepts of mathematical and natural science
literacy. In scientific literature, this notion is commonly referred to as numeracy, quantitative
literacy, and mathematical literacy, but there are other names: quantitative reasoning,
quantitative practices, mathematical proficiency, mathematical competencies, mathematical
power, matheracy, mathemacy, functional numeracy, functional mathematics, etc.
2. Mathematical and natural sciences are not the same as mathematics and natural sciences
literacy. The sciences are generalizing, abstract, context and public independent, apolitical,
precise and predictable. Mathematical and natural science literacy - in reverse: a concrete, in
the realistic context, depending on the society, political, approximating and unpredictable.
3. There is no single, most correct, most popular mathematical and natural sciences literacy
definition. This concept depends on culture and period, it constantly changes.
4. Component elements of the mathematical and natural sciences literacy model: necessary
knowledge, universality, actuality of topics, logical thinking, reasoning, decision making,
“feeling” of numbers, “feeling” of symbols, spatial thinking, practical skills, interpretation of
data, necessary mathematical knowledge, mathematics in context , cultural aspect, confidence
with mathematics, scientific communication, presentation of data and results, work with
information, experimentation, modelling, use of technology and mathematical tools, provisions
on sciences.
5. Ways and methods for effective mathematical and natural literacy development:
exploratory, search, learning in the real environment, exercises, practical, project, modeling and
interpretation.
6. Learning environment: real and virtual, integrating audio-visual, digital and real-life
research objects.
7. Teachers need competences in the development of mathematical and natural sciences: to
properly use the educational environment outside the classroom; to organize experimental
works, to integrate information communication technologies; to be able to develop the
competence in learning to learn.
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CHAPTER 2: The importance of vocabulary in science education
Author: Alise Betina, Riga State Technical School, Latvia

Science is a discipline that relies heavily
on students' ability to understand new
terms and concepts. [1] Students may
have trouble understanding how science
information is displayed and organized
(such as in figures, diagrams, graphs, and
drawings); grapple with technical or
specialized

vocabulary

to

convey

scientific ideas and concepts; and have
difficulty understanding the syntactic
structures used to express complex
scientific processes and concepts. [2]
A strong focus on vocabulary helps students understand and communicate using
appropriate terminology, and the incorporation of imagery makes learning fun. Research has
shown that words and text which enable the formation of images facilitate recall. [1] Vocabulary
knowledge is important because it encompasses all the words we must know to access our
background knowledge, express our ideas and communicate effectively, and learn about new
concepts. Students’ word knowledge is linked strongly to academic success because students
who have large vocabularies can understand new ideas and concepts more quickly than
students with limited vocabularies. Vocabulary is needed to understand most texts. It is possible
for a student to know all the words in a passage and still not make any sense of it if he has no
prior knowledge of the topic. To make constructive use of vocabulary the student also needs a
threshold level of knowledge about the topic. This enables him to make sense of the word
combinations and choose among multiple possible word meanings. [3]
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Researches show that one of the major
difficulties in learning science is learning the
language of science. Language is a major barrier
(if not the major barrier) to most pupils in
learning science. Paying more attention to
language is one of the most important acts that
can be done to improve the quality of science
education. Learning the language of science is a
major part (if not the major part) of science
education. Every science lesson is a language
lesson. The focus of secondary education has largely been on science as a practical subject,
often quite rightly, for science is partly an empirical subject. But for many pupils the greatest
obstacle in learning science – and also the most important achievement – is to learn its
language. One of the important features of science is the richness of the words and terms it
uses. [4]
Reading, writing, and other communication in science requires the use of unique
vocabulary. Teachers need to understand how to make this vocabulary accessible to students
and how to have them consistently use it in authentic contexts. Part of disciplinary literacy
instruction in science is supporting students in being able to communicate like scientists, which
means they need to use the language of science. [5] The amount of students’ reading is strongly
related to their vocabulary knowledge. The teacher needs to help them make sense of
experience and to introduce concepts and terminology when students are ready for them. [2]
Teachers should take advantage of opportunities to develop student interest in words, the
subtle meanings of words, how to have fun with words, and how words and concepts are
related across different contexts. Teachers must provide clear explanations and examples of the
meanings of these words in various contexts, and provide students with opportunities to
discuss, analyze, and use the words. Have students rewrite definitions in their own words,
provide examples of situations where the word could be used, supply synonyms (and antonyms
when possible) and create sentences using the word that clearly show the meaning. Sometimes
it is useful to have students use more than one new word in a single sentence because it forces
them to look for relations among words. Direct instruction of specific words can include
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teaching the multiple meanings of some words, different word associations (such as antonyms
and synonyms), and word concepts (such as related concept words and categories of words). [3]
Pupils should be taught in all
subjects to express themselves
correctly and appropriately and to
read

accurately

and

with

understanding. In writing, pupils
should be taught to use correct
spelling and punctuation and follow
grammatical

conventions.

They

should also be taught to organize
their writing in logical and coherent
forms. In speaking, pupils should be taught to use language precisely and cogently. Pupils should
be taught to listen to others, and to respond and build on their ideas and views constructively.
In reading, pupils should be taught strategies to help them read with understanding, to locate
and use information, to follow a process or argument and summarise, and to synthesise and
adapt what they learn from their reading. Pupils should be taught the technical and specialist
vocabulary of subjects and how to use and spell these words. They should also be taught to use
the patterns of language vital to understanding and expression in different subjects. These
include the construction of sentences, paragraphs and texts that are often used in a subject (for
example, language to express causality, chronology, logic, exploration, hypothesis, comparison,
and how to ask questions and develop arguments). [4]
In recent years, educators have become ever more aware of the critical role that
vocabulary knowledge plays in the academic lives of their students. Vocabulary knowledge is
fundamental to the comprehension of text and is most effective when it relates new words to
students’ existing vocabulary and background knowledge. Effective vocabulary instruction
provides multiple exposures through rich and varied activities that are meaningful and relevant
to science learning students. This helps them gain ownership and understanding of the words,
instead of just learning them well enough to pass a test. [6]
One of the oldest findings in educational research is the strong relationship between
vocabulary knowledge and reading comprehension. Word knowledge is crucial to reading
comprehension and determines how well students will be able to comprehend the texts they
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read in middle and high school. Comprehension is far more than recognizing words and
remembering their meanings. However, if a student does not know the meanings of a sufficient
proportion of the words in the text, comprehension is impossible.[3]
In the last 30 or 40 years, many educators have proposed that content-area teachers
“insert” reading strategies— such as teaching science vocabulary— into their content
instruction. However, although teaching reading skills and strategies is worthwhile, knowledge
of skills and strategies is only a small part of what makes an effective reader of science texts.
Research indicates that science reading also requires discipline specific background knowledge.
Accurate knowledge of content prior to reading a text has consistently been shown to reliably
predict text comprehension. [2]
Students vary widely in the word knowledge they bring to school. Their socioeconomic
backgrounds and the language use in their homes and communities can significantly influence
opportunities to expand their vocabularies. Some students have limited vocabulary knowledge
as a result of a language-based learning disability. Good oral vocabulary (words we use in
speaking and listening) is linked directly to later success in reading, and students who have more
vocabulary knowledge in kindergarten become better readers than those who have limited
vocabulary. There is a significant gap in the vocabulary knowledge that some students bring to
the primary grades, and that gap widens as students’ progress through the grades. Students
who lack adequate vocabulary have difficulty getting meaning from what they read, so they read
less because they find reading difficult. As a result, they learn fewer words because they are not
reading widely enough to encounter and learn new words. On the other hand, students with
well-developed vocabularies read more, which improves their reading skill, and they learn more
words. [3]
Background

knowledge

is

a

student’s experience and knowledge of
the world. Some scientific words have
everyday meanings as well as scientific
meanings. It is important to make pupils
aware of these differences. Constant
reinforcement is needed to encourage
correct usage. Scientific definitions of
words should be made clear and
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distinctions made from everyday meanings. Many scientific words have been developed
systematically. Knowing this can help pupils spot patterns and so develop their scientific
understanding – for example, knowing that the word root ‘chlor-’ means green, and that within
the name of a compound this could indicate the presence of a chlorine atom. This will aid
understanding. Misspelling of words can lead to these patterns being missed. Helping pupils to
use and spell words correctly aids their scientific understanding because scientific terminology is
often developed in systematic ways. Having a good grasp of scientific terms helps pupils to
communicate observations and scientific ideas. [7]
Pupils should learn the language of science so that they can read critically and actively
and develop an interest in reading about science; and develop competence in skeptically
scrutinizing claims and arguments made in the press and on television based on ‘scientific
research’ or ‘scientific evidence’. [4] Science instruction that focuses on memorizing vocabulary
and using formulas to solve many identically structured problems is associated with a lack of
conceptual understanding of science, an inability to use science process skills, and a decreased
interest in pursuing science-related activities and careers. [2]
The principles of effective vocabulary instruction recommended for language arts can be
applied to the content area of science. However, science instruction can be especially
challenging for science learning students who are faced with learning both the language of
science and the native or foreign language the terms are presented in at the same time. Science
learning students are less likely to have the vocabulary needed to comprehend informational
text, so instruction that helps build both general academic and content-specific vocabulary
knowledge is particularly critical while promoting language development. [6]
Vocabulary learning is dominant in language acquisition, whether the language is a
second or a foreign language, and crucial to the learner’s overall language acquisition. One of
the fundamental reasons for this notion is that a lot of unknown words, which learners
encounter while reading could cause difficulties in processing the text. Students and teachers
alike know that many of the reading comprehension breakdowns experienced by students
involve word recognition and lexical access. All productive or active vocabulary involves words
that we apply when we speak or write. [8]
The growth of word knowledge is slow and incremental, requiring multiple exposures to
words. This does not mean simply repeating the word and a definition or synonym, but seeing
the word in different contexts. How are words learned incrementally over multiple exposures?
Every time we encounter a word in context, we remember something about the word. As we
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encounter a word repeatedly, more and more information accumulates about that word until
we have a vague notion of what it means. As we get more information we are able to define
that word. It is helpful for students to understand how they gradually learn words. Teachers
should encourage students to actively construct links between new information and previously
known information about a word. Being active and cognizant of this process will result in better
memory about new words. [3]
Even science learning students who appear ﬂuent in the language in which they are
being taught frequently need assistance in learning the academic language of science. The
vocabulary of science can be particularly problematic. Words such as work, table, and wave take
on meanings specific from those of everyday usage. Additionally, vocabulary words such as
hypothesis and analysis have precise meanings in science that differ from the manner in which
the words are used in everyday life. [5]
Scholars typically identify two vocabulary types contributing to the substantial language
demands of science, namely, academic vocabulary and science-specific, technical vocabulary.
The main functions of academic vocabulary in science include conveying specific information
about a topic and illustrating relationships among scientific phenomena. The main purpose of
science vocabulary is to name new knowledge with greater usefulness and precision than
common words do. [9]
Each vocabulary strategy offers students the opportunity to build and extend upon their
understanding of a word’s meaning and to make personal connections with the science content.
Vocabulary instruction is most effective when it targets academic terms that students will
encounter throughout their reading materials. [6] Learning words before reading a text also is
helpful. Techniques such as task restructuring and repeated exposure (including having the
student encounter words in various contexts) appear to enhance vocabulary development. In
addition, substituting easy words for more difficult words can assist low-achieving students. [3]
Language development and conceptual development are deeply linked: thought
requires language and language requires thought. So it is important to think about your
students’ language development when planning science lessons. [10]
Science has a specialized and technical language that makes it a unique curriculum
subject. There are three main types of problems faced by students in learning scientific
vocabulary:
1. Unfamiliar words: Scientists often use scientific words for familiar objects. For
example, a scientist will say ‘aqua’ instead of ‘water’, ‘photo’ instead of ‘light’ or ‘micro’ when
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they mean ‘small’. Many of these words are
then put together to make complicated,
compound words, like photosynthesis or
microscope.
2. Specialist meanings: Many words
in science have everyday meanings as well as
specific scientific meanings, words such as
energy, conduct or potential. Students often
get confused about which meaning to use
and need to be taught the accepted scientific
meaning for different contexts.
3. Difficult concepts: There are many non-technical words used in science like
‘illuminate’, ‘factor’ or ‘theory’. Teachers often assume that their students know the meaning of
words like these. This is because they are easy to read. But often these words refer to complex
difficult scientific concepts. Students may only have a partial or incorrect understanding of these
abstract concepts. [10]
In its analysis of the research on vocabulary instruction, the National Reading Panel
(2000) found that there is no one best method for vocabulary instruction, and that vocabulary
should be taught both directly and indirectly. Direct instruction means teaching specific words,
such as pre-teaching vocabulary prior to reading a selection. However, one cannot teach
students all of the words they need to learn. Vocabulary instruction must therefore also include
indirect instruction methods, such as exposing students to lots of new words and having them
read a lot. Vocabulary instruction does lead to gains in comprehension, but that the methods
must be appropriate to the age and ability of the reader. The use of computers in vocabulary
instruction was found to be more effective than some traditional methods in a few studies. [3]
In using the vocabulary, students can elaborate on their understanding of academic
language and connect their personal knowledge to the science content. The vocabulary allows
science learning students to communicate lesson information, concepts, and vocabulary words
in the language in which they are being taught. These students are able to organize information
related to key vocabulary and concepts and record their definitions using a hands-on resource
that incorporates meaningful representations of their understanding. Students then make
connections between these words and their activated background knowledge by drawing lines
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from the known information to the unknown vocabulary. The students are able to see how the
scientific concepts and their original thoughts are more clearly connected. This helps to make
the information more comprehensible and meaningful for them. [6]
When students encounter unknown words they can use knowledge of word parts (root
words, suffixes and prefixes) to help determine the meaning. This is especially true when
reading content textbooks because these texts often contain many words that are derived from
the same word parts. For example, the Greek root “bio” (meaning “life, living organisms”)
reappears again and again in a typical middle school life science textbook (e.g., biology,
biologist, biosphere, biodegradable, biochemical, biofuel, biohazard). Another example is the
prefix “mono” (meaning “one, alone, single”). If students are familiar with the meaning of the
prefix mono, the prefix “poly” (meaning “many”), and the base word “theism” (meaning “belief
in the existence of a god or gods”), they can determine that the difference between
“monotheism” and “polytheism” is the difference between believing in only one god or many
gods. The focus of word analysis for vocabulary is on the meaningful parts of a word to help
determine its overall meaning. Some students may not realize that they can use their knowledge
about how to divide words into parts to figure out word meanings. [3]
The key to improvement lies in better instructional sequencing and better sense-making
in class, rather than in inserting reading comprehension strategies that are devoid of context
and focused on memorizing vocabulary. The texts often reinforce ineffective pedagogy by
focusing on bold-faced words, using illustrations that grossly distort scale and other central
features of phenomena, including “practice problems” that value low-level factual recall and
vocabulary recognition, and using formulas to solve lengthy problem sets that can be worked
out without conceptual understanding. [2] The different strategies and activity tools in science
lessons allows the teacher to activate students’ background knowledge about the vocabulary or
concept and generate questions about the new word. The students make with the topic and
their existing background knowledge.
Tool allows teachers to see how learning students interpret what is taught and read and
then evaluate the accuracy of their interpretations. That information is chunked into meaningful
and manageable units. [6]
Important for students to use scientific and engineering practices such as revising and
extending their explanations and evaluate their own knowledge and ideas.
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The vocabulary strategies offer science learning students the opportunity to explore, evaluate,
and extend the meaning of the words while developing a personal connection to them. These
vocabulary strategies provides students with a concrete system for processing, reﬂecting on,
and integrating scientific information and vocabulary around concepts that have been learned.
Vocabulary strategies provide an opportunity for formative assessment where students can
communicate their understanding of the learned concept. [6]
Learning science is, in many ways, like learning a new language. In some ways it
presents more difficulty in that many of the hard, conceptual words of science – such as energy,
work, and power – have a precise meaning in science and sometimes an exact definition, but a
very different meaning in everyday life. Science education thus involves dealing with familiar
words, like energy, and giving them new meanings in new contexts. Equally, many of the
‘naming’ words of our lives have been commandeered by science. Consider: element,
conductor, cell, field, circuit, and compound. This is made worse because many of the terms of
science are metaphors: for example, a field in science is not really a field. [4]
Instructional activities enable students to expand their vocabulary, understand
relationships between concepts, and learn through multimodal opportunities. They guide
science learning students to become actively engaged in thinking about the science vocabulary
they are learning. By employing strategies such as these, educators can support science learning
students as they increase their scientific vocabulary knowledge and promote their engagement
in the lesson. [6]
The teacher will introduce vocabulary terms such as mass, momentum, and force when
students are developmentally ready for them. These terms are not the focus of the unit; the
focus is on the relationships among real objects. The same principles apply with older students.
For example, teachers should begin chemistry lessons with visible phenomena whenever
possible—such as showing a chemical reaction—
and then introduce models to illustrate what is
occurring at a molecular level, gradually working
toward symbolic representations, such as chemical
equations and text. Science is, after all, a study of
natural phenomena. Students need to make this
connection for optimal learning to occur. [2]
We should all treat language with care, to
be aware of its difficulties and to bear in mind that
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although pupils can and do use scientific terms in speech and writing this does not imply that
they understand them. But this does not imply that we should ‘skirt round it’ or try to avoid the
language of science and constantly translate it into the ‘vernacular’. The ideas of science are
often difficult. But learning to use the language of science is fundamental to learning science. [4]
When a student really knows a word, he knows more than the word’s definition. He also
knows how that word functions in different contexts. Knowledge of a word includes knowing
how it sounds, how it is written, how it is used as a part of speech, and its multiple meanings
makes the distinction between definitional knowledge (similar to that included in a dictionary
definition), and contextual knowledge (understanding how a word’s meaning adapts to different
contexts). In order to fully learn a word and its connotations, a student needs multiple
exposures to the word in different reading contexts. [3]
Words are important but in science more than any other subject we rely on a
combination and interaction of words, pictures, diagrams, images, animations, graphs,
equations, tables and charts. They all convey meaning in different ways – they all have their own
importance and their own limitations. For example, the old saying that ‘a picture is worth a
thousand words’ is probably true, but it does not go far enough. There are certain meanings we
wish to convey in science that cannot possibly be put across in words alone. Messages and
meanings in charts and graphs, for example, can never be replaced by the written word,
whether we use one thousand or two. The smells of science or the touch and feel of practical
work cannot be put into words. Gestures and other body language can convey scientific ideas
more effectively and memorably than chalk and talk, or a passage in a textbook.
When we consider how scientists develop knowledge, we can see that the learning
cycle, not surprisingly, follows this sequence: Scientists observe phenomena, work to develop
explanations for those phenomena, and only assign vocabulary to new ideas late in the process
to make communication easier. [2]
Communicating in science teaching presents both a challenge and an opportunity.
Science education involves a range of ways of communicating (visual, verbal, graphical,
symbolic, and tactile) which can be exploited to engage with different learning styles or abilities
and to provide a variety of teaching approaches. [4]
Education leaders play an important role in selecting curriculum materials that promote
effective science instruction. They should support teachers in making instruction focus on big
ideas rather than on the recall of isolated details and in using experiences at the beginning of
the instructional sequence rather than only at the end. Students should be thinking through
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important science ideas, testing their existing notions, and working with data. Reading should
support, not define, the education process. [2]
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CHAPTER 3: Enhancing reading comprehension of scientific texts
Authors: Anais Colibaba, Andreea Ionel, Carmen Antonita, Dragos Zamosteanu, Elza
Gheorghiu, EuroEd Foundation, Romania
1. Definition and principles
Reading involves cognitive processes which enable
readers to comprehend the meaning of a text by decoding
printed symbols. These multiple cognitive processes are not
active at all times. There are two types of mental processes
lower-level and higher-level processes, which are used
depending on the type of the reading activity. Lower-level
processes focused at the word level are skills which should
become automatized during early education and are carried
out unconsciously whereas higher-level processes based on
the overall interpretation of the text are developed
throughout the reader’s life.
Reading comprehension is “intentional thinking
during which meaning is constructed through interactions
between text and reader. . . . The content of meaning is influenced by the text and by the
reader’s prior knowledge and experience that are brought to bear on it” (Reutzel & Cooter,
2011). The RAND Reading Study Group (2002) noted that reading comprehension involves four
components:
1. the reader
2. the text
3. the activity (e.g., discovering the author’s main idea, understanding a
sequence of events, thinking about a character’s intent in a story, etc.)
4. the situational context or the actual setting where reading occurs (individual
reading or a social activity in which people read the text together)
According to Pressley (2005) the development of reading comprehension is a two-stage
process:
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--the first stage (the construction phase) begins with “lower processes” focused at the
word level: word recognition (phonics, sight words), fluency (rate, accuracy, and expression),
and vocabulary (word meanings).
-the second stage (the integration phase) involves higher-level processes and focuses on
the overall interpretation of the text (relating prior knowledge to text content and consciously
learning, selecting, and controlling the use of several cognitive strategies for remembering and
learning from text). During the second phase of processing meaning, ideas from the text are
connected with what we already know, our prior knowledge, and new concepts that do not fit
with the meaning of the text are deleted from our network knowledge.
Reading to search for information and reading for quick understanding, for instance,
require low levels of cognitive processes (first stage); reading to learn, to integrate information,
and to evaluate or critique, however, require high levels of cognitive processes (second stage).
Another concept we should consider when analyzing reading comprehension is the
schema theory.
When reading people use prior knowledge to comprehend and learn from text. All our
knowledge is organized and stored into acquired knowledge structures (schemas/schemata) like
folders in a computer. Such schemas (or schemata) are used like a mental framework/network
to represent and organize information. The importance of schema theory to reading
comprehension also lies in how the reader uses schemata.
Schemata enable us to recall, organize memory, focus attention, interpret experience,
or try to predict most likely outcomes of events. A text provides directions for readers as to how
they

should

retrieve

or

construct

meaning from their own previously
acquired

knowledge.

According

to

schema theory, comprehending a text is
an interactive process between the
reader’s background knowledge and the
text. Efficient comprehension requires
the ability to connect the text (reading
passage) to one's own knowledge. In the educational process teachers’ task would be to help
students to develop new schemata and establish connections between them.
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Reading comprehension develops through practice and time.
Principles of effective reading comprehension instruction:
 Effective reading comprehension instruction should cover all school
subjects.
 Effective reading comprehension instruction requires purposeful and
explicit teaching.
 Effective reading instruction is based on classroom interactions among
students, which support the understanding of specific texts.
 Effective reading comprehension teaches students the necessary reading
skills and strategies.
 Effective reading comprehension instruction relies on and leads to
knowledge, vocabulary, and advanced language development.
 Effective reading comprehension instruction actively engages students in
the reading text and motivates them to use strategies and skills.
 Effective reading comprehension instruction helps students move from a
passive reader to an active one by questioning, examining and discussing the text.
 Effective reading comprehension instruction builds on student’s previous
knowledge.

2. Techniques, Strategies & Activities in developing reading comprehension
Pressley (2005) highlights three most important factors contributing to reading
comprehension development: word-level skills, background knowledge, and comprehension
strategies. Word-level skills and use of prior knowledge are automatic and unconscious lowerlevel processes. Reading comprehension strategies are conscious processes that can affect
comprehension development. They can become effective self-regulated tools that help readers
to solve comprehension problems, have control over information and their own learning.
Pressley suggested three main areas of instruction meant to help less skilled readers to increase
their comprehension:
−

improving word-level competencies

−

building background knowledge

−

promoting the use of comprehension strategies

http://goscience.com

36

GOSCIENCE 2017-1-BG01-KA201-036209
While word decoding and prior knowledge are regarded as automatic and unconscious
processes, strategies are regarded as being controlled and monitored by readers. Pressley
showed that skilled readers use the following strategies when reading texts:
−

setting a purpose for reading

−

previewing the text to evaluate its relevance

−

reading selectively

−

associating the text with their prior knowledge

−

evaluating hypotheses set during the initial preview

−

underlining

−

making notes

−

paraphrasing

−

guessing meaning of new words from the context

−

rereading

−

evaluating the texts

−

reviewing the information after finishing

−

applying the information learned

2.1 How to teach and practice reading strategies
Teacher’s explanations - The teacher explains clearly what the strategy consists of and
how it works; he also gives an example. It is also important that the teacher should explain to
students why the strategy helps comprehension and when to apply the strategy.
Modeling - The teacher models or demonstrates how to apply the strategy, by thinking
aloud all the processes accompanying his decision and the rationale behind it.
Guided practice - The teacher guides students as they learn how and when to apply the
strategy. Students test the strategy in a real context. Teachers should also raise students’
awareness about the variety of strategies and that not all texts can be addressed with the same
strategy. After trying out the strategies, students are invited to discuss their experience, to solve
misunderstandings and ask clarifying questions. The teacher gives explanations and further
examples to consolidate the understanding of the strategies. Teacher’s constructive feedback is
needed aiming at encouraging students to use the reading strategy in their studies.
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Application - The teacher helps students practice the strategy until they can apply it
independently.
The effective use of reading comprehension strategies turns a passive reader, with a
limited understanding of a text, into an active reader, who comprehends the text and integrates
it into their knowledge.
A Comparison of the Traits of Active and Passive Readers (adapted from Patrick E.
Croner Strategies for Teaching Science Content Reading, The Science Education Review, 2(4),
2003 https://files.eric.ed.gov/fulltext/EJ1058676.pdf)
An active reader

A passive reader

(is engaged in his/he reading)

(is not engaged in his/he reading)

Pre-Reading
1. Builds up background knowledge
before beginning to read by previewing the
text (title, the pictures, graphs, headings, the
table of contents, etc).
2. Knows why he/she is reading (the
purpose).
3. Asks what the text will be about.
4. Makes predictions.

Pre-Reading
1. Starts reading without thinking
about the topic.
2. Does not know why he/she is
reading.
3. Is not curious about the text.
4. Does not preview text materials.
5. Does not make predictions.

During Reading
1. Focuses on the reading task.
2. Stops to reflect, rereads.
3. Uses fix-up strategies whenever the
case.
4. Rereads for understanding.
5. Compares what they are reading
with what they already know.
6. Has his/her opinions about the
reading, which he/she shares with peers.

During Reading
1. Can’t focus on his/her reading.
2. Does not know why he/she is
reading.
3. Does not monitor comprehension.
4.

Does

not

know

if

he/she

understands.
5. Does not reread the material.
6. Does not have any opinions about
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7. Asks what the author is trying to what he/she has read.
say.

7. Doesn’t care about what the author
8. Asks questions and looks for is saying.

answers.

9. Discuss what they have

8. Does not ask any questions.
9. Does not discuss the text with

read with peers.
peers.

2.2 Reading Activities
Pre-Reading Activities
The following pre-reading activities focus on activating prior knowledge and creating
anticipation:
Quick Talk. This activity can be used to activate prior knowledge and it is based on the
idea that one of the best ways to consolidate knowledge is when we talk about it. Ask students
to pair up, and then tell each other what they know about the topic you want to introduce.
K-W-L Chart. K-W-L involves using a chart asking students to put down before they start
reading text what they know about a topic and what they want to know, and complete the chart
with what they learned at the end of the activity. Then ask students to share what was learned
from that reading.
Two Column Notes: This activity asks students to respond to a text by organizing notes
and thoughts into two columns. The left column is labeled “Key Ideas” and the right is labeled
“Responses.” The “Key Ideas” section includes traditional notes from the text, like main ideas,
details, people, and events. The “Responses” section is a place for students to record questions,
inferences, assumptions, and connections they’ve made. By linking the key ideas with
responses, students can better internalize the information from the text.
Anticipation/Prediction Guide. This activates prior knowledge and creates anticipation
regarding new information. Choose the important concepts students have to gain by reading the
text. Make four to six true or false statements based on the text. Have students decide on the
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statements and then read the text. After reading the text, discuss each statement with the class;
compare students’ ideas with the author’s opinions.
Surveying a text/ a book (general aspects of a text, the big picture). Give students simple
survey questions regarding the text to answer before reading the text, such as: Who wrote the
book?/ What can you infer from its title?/ Does the book have a table of contents?/ How is the
book organized? Where do you know from about its organisation? / Does the book have
chapters and/or units?/ Is there a preface that gives details about its author or the book?/ Does
the book contain any maps, tables, illustrations etc.? How are they used?/ Does the book have a
glossary? How can you use it?/ Does the book have a bibliography?/ What is a bibliography and
how can we use it? Completing the survey helps students to understand the content and to
determine whether a text is worth reading in detail.
Textbook scavenger hunt. Students receive a list of items to be found in their textbook;
they must locate the items (e.g. table of contents, glossary, illustrations, charts etc.) and note
the page on which the items were found. Discuss with them the method they used to find the
information.
Vocabulary Development. What does this word mean? Guessing from context refers to
the ability to infer the meaning of an expression using the clues that the context provides. Write
the sentence in which this word appears in the text. Based upon how it is used in the text, ask
students to predict what the word means by reading the sentences round it. Then invite them to
consult an “expert” (e.g., a friend, teacher, or dictionary) to find out the actual definition.
Discuss with students ways to help them remember the meaning of the word (draw a picture of
what the word means/ select and perform a miming action that the word reminds them of./
connect the word with something similar that they are familiar with).
Word Category. The Word Category is a simple and effective method for building
student vocabulary. The idea behind this strategy is to help students make semantic connections
between terms. First, students copy vocabulary terms (new and known) on cards, one word per
card. Then, either individually or in groups, students put the words into categories (teacher’s or
their own). Once they have finished, students discuss the reasoning behind the choices they
made.
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Build Academic Vocabulary: The Marzano 6-Step Vocabulary process is one of the best
ways to introduce and teach academic vocabulary. 1. The teacher gives a friendly description,
explanation, or example of the new vocabulary. 2. The teacher asks the students to restate the
explanation in their own words. 3. Students are asked to create a representation of the word (a
picture, a symbol etc). 4. Students are engaged in activities related to the new word (suffixes,
antonyms, synonyms). 5. Teacher asks students to discuss these words periodically. 6. Students
are engaged in games to reinforce and review new vocabulary.
Concept definition mapping (Graphic Organisers). This activity develops vocabulary by
providing an illustration (a “map”) of the attributes of the concept. By completing a map of the
word or concept, students consider it from different perspectives. First, give students an
example of a concept definition map (the concept and its main attributes). Using another
familiar concept, have students (in pairs or in a group) provide the appropriate attributes to
complete another map. Have students share their map.
During-Reading Activities
Click or Clunk activity. This activity is especially useful in contextual reading. Students
should ask themselves if they understand what they are reading, if the reading “clicks” for them
or if it goes “clunk,” they do not understand it. If it clunks, they should ask the teacher questions
to make sense of it.
Reciprocal Teaching. The reciprocal teaching strategy encourages students and teachers
to take turns asking and answering each other questions about the text.
Slow down. In science reading, students have a tendency to speed read. The students
have to identify and write down the main idea of each paragraph they read. Then they have to
compare their findings.
SQ3R. SQ3R gives students practice in summarizing, self-questioning, and text look-back:
1. Survey: Students are asked to skim a chapter for general understanding before
reading it and pay particular attention to titles, boldface print, pictures, and diagrams.
2. Question: Students have to ask a question for the heading of each chapter (turn the
heading into a question).
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3. Read: Students have to read the section under each heading and try to locate the
answer.
4. Recite: Students have to paraphrase (write in your own words) the main ideas and
their supporting details.
5. Review: Students have to review their reading by recalling the main points of each
section before reading it again.
Scan & Run. This activity is useful for science text comprehension. It helps students
monitor their comprehension before, during, and after reading contextual materials. Before
reading, students use four SCAN cues while previewing the text:
S = Survey headings/subtitles and turn them into questions. (Students will answer these
questions during reading.)
C = Capture the captions and visuals. (Read the captions and look at the visual clues to
try to understand what each means.)
A = Attack boldface words. (Read boldface words and figure out what they mean.)
N = Note and read the chapter questions.
While reading the chapter, students use the three RUN cues:
R = Read and adjust speed (depending upon the difficulty of the section).
U = Use word identification skills looking for word clues in the sentence.
N = Notice! Put down the parts you don’t understand, and reread them.
After reading, students extend their understanding of the text by answering questions at
the end of the section and discussing the text.
Making predictions. The purpose of this activity is to make predictions about the
material to be read, and then refine these predictions while reading. Predict: Students reflect on
what they think the text will be about by using clues such as the title, prior knowledge of the
subject, or introductory explanations given by the teacher. Students put down their predictions.
Read: Students read the text.
Confirm: Students compare the predictions they made with the text.
Resolution: Students summarize and evaluate the text.
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Fix-Ups. Teachers should also carry out activities teaching students strategies to select
when they do not understand what they are reading. The following fix-up strategies have been
suggested when students experience comprehension failure:
• Ignore the problem and continue reading.
• Make a hypothesis, using the information from the text, and continue reading.
• Reread the previous sentence.
• Stop and think about the previously read context; reread if necessary.
• Seek help (materials, teachers, peers).
PARIS is a speaking activity used to combine predicting, asking questions, retelling,
inferring, and summarizing. Explain that before reading a text, students should begin with the
first two strategies—predict and ask questions, based on using the book’s cover, author’s name,
illustrations, headings, and other textual features. Discuss with class all decisions students make.
Text completion: Completing/Predicting deleted words (cloze), sentences, or phrases.
Diagram completion: Completing/Predicting deleted labels on diagrams using text and
other diagrams as sources.
Table completion: Completing deleted parts of a table using table categories and text as
sources of reference.
Completion activities with disordered text: Predicting a logical order for a sequence and
classifying segments according to categories given by the teacher.
Prediction: Predicting next part of text with segments presented in sequence.
Underlining: Searching for specific items, e.g. key words.
Labeling: Labeling items of text which deal with different aspects, e.g. labeling stages in
a process.
Diagrammatic representation: Constructing diagram from text e.g. using diagrams,
concept maps, mind maps, and labeled model.
Tabular presentation: Constructing and representing information in a table form.
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Visual Representation. Examples of visual representations include time lines, diagrams,
pro/con charts, If/then flow charts, Venn diagrams, schema builders, network models, mind
maps, and cause-effect chains.
3. Tools and practices using technology to enhance reading comprehension
Technology allows teachers flexibility regarding the selection of the text, which often
gets into classrooms through diverse channels. Teachers can use online multimedia resources
such as National Geographic to enrich the learning process. Using technology in the classroom
can be very beneficial to increasing reading comprehension. Technology is effective when it is
integrated into the curriculum and is routine in classrooms. Technology applications can help
with reading comprehension when used as a tool as students are motivated by the technology
devices.
Audiobooks help students with learning differences become better learners. This
powerful tool improves reading comprehension, boosts confidence, saves time on schoolwork
and leads to better grades. (https://www.audible.com; https://librivox.org).
Rewordifying

Engine

(https://rewordify.com/helprewordifyingengine.php):

It

intelligently simplifies difficult English, for faster comprehension. The teacher pastes the text
into a text box on the site. Rewordify then analyzes this text, and replaces complex words with
simpler words to aid students’ understanding. Users can click on the replacement words to
display either the original, more difficult language or individual words’ definitions.
Free-form Mapping (https://www.spiderscribe.net; http://www.wisemapping.com):
This strategy allows students to create visual representations of their ideas and understand
without having to fit their thoughts into a prescribed graphic organizer. Free-form maps include
main ideas, relationships, interconnections between topics, side topics and thoughts, and
whatever else a student perceives as important and relevant to the topic. No two free-form
maps will be alike, which promotes excellent discussion amongst students.
Important Words versus Word Clouds (https://tagcrowd.com; https://worditout.com):
The tool can generate a visual representation of a text emphasizing the most important words in
the selection (number of words used, common words). After reading the text, ask students to
list the most relevant words. By identifying important words students can determine the main
ideas and key details of academic texts.
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How to use the Interactive Whiteboard to improve reading
(https://www.youtube.com/watch?v=uCuLvvVSgSw): By using the reconstruct the text/ spot
light options (what word comes next?) or reveal tools (what’s the next line/paragraph) teachers
can give students practice in prediction (predict word order).
TTSReader - Text to Speech Online (https://ttsreader.com): A web-app that reads out
loud any text (typed-in or files) with natural sounding voices. It is free, easy, fun and unlimited. It
is a web-app that reads out loud any text (typed-in or files) with natural sounding voices.
Actively Learn (https://www.activelylearn.com): students read texts closely and
purposefully (Actively Lean’s library of fiction and nonfiction). The tool also enable students to
take notes, use an online dictionary, and comment on texts, ask questions about what they’re
reading, and share their ideas.
Previewing

(https://www.teacherspayteachers.com/Product/Previewing-a-Book-

Reading-Strategy-Activity-293757): The focus of this tool is to teach students how to preview a
book and to make predictions.
Snap&Read

(https://learningtools.donjohnston.com/product/snap-read/#.VkKa-

KJJ9QF): reads texts aloud and can adjust the difficulty of the text by replacing difficult words
with simpler ones. In addition, students can highlight the main ideas of a reading, which are
automatically extracted and placed in the sidebar; they can be easily edited and then dragged
and dropped into a word processor, like Google Docs, for students to integrate into a reading
summary.
Newsela (https://newsela.com): Newsela is a website that publishes current events
articles each day on a topics related to most school subjects. Every article has five versions, each
written for students at different reading levels. The texts are accompanied by quizzes testing
students’ knowledge.
MindMeister (https://www.mindmeister.com): is an online mind mapping tool that
enables students to capture, develop and share ideas visually. They can create, share and
present mind maps right inside their web browser.
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Got brainy (http://kleinspiration.com/tag/got-brainy): Students can create a BrainyPic or
a BrainyFlick by uploading a photo or video to demonstrate meaning of a particular word or
concept makes vocabulary meaningful, clear.
Online summarize tool (https://www.tools4noobs.com/summarize): Best Summarize
Tool Online https://www.summarizing.biz/best-summarizing-strategies/best-summarize-toolonline. Students can use it to write summaries.
4. Coping with reading difficulties
Reading difficulties have complex causes varying from disabilities to limited literacy
experiences due to poor or inadequate reading instruction. If identified early, these reading
difficulties can be prevented. Some of them, such as phonological and phonemic awareness (the
specific ability to focus on and manipulate individual sounds in spoken words) and word
decoding and phonics (the ability to apply knowledge of letter-sound relationships to correctly
pronounce written words) are common with young children and they will not be the subject of
this module.
Vocabulary, fluency and comprehension are more common with secondary school
students. Vocabulary plays a fundamental role in the reading process, and contributes greatly to
a reader's comprehension. Readers cannot understand a text if they do not know what most of
the words mean. Students learn the meanings of most words indirectly, through everyday
experiences with oral and written language. Other words are learned through carefully designed
instruction. Therefore teachers should focus on helping students enrich their vocabulary by:
−

playing/doing oral and written word exercises and games

−

pre-teaching the important, useful, and difficult vocabulary words before

students read the text
−

by creating many opportunities for students to experience target vocabulary

words in different contexts (independent reading) and use taught vocabulary words
both orally and in writing
−

by teaching them how to use context clues to determine the meanings of

−

by encouraging class reading and engaging students in a conversation about

words
the text (use of new vocabulary)
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−

by explicitly teaching the meanings of common prefixes, roots, and suffixes

and providing vocabulary instruction
−

by teaching them strategies to learn new vocabulary

−

by using technology to make vocabulary more memorable

Fluency is another factor which may affect students’ reading. Students’ fluency can be
enhanced by reading and rereading familiar texts and reading aloud. Teachers can help students
improve their fluency by:
−

giving them independent level texts that they can practice again and again

−

reading a short passage and then have the student immediately read it back

−

having students practice reading a passage with a certain emotion, such as

to you
sadness or excitement, to emphasize expression and intonation
−

incorporating timed repeated readings into your instructional repertoire

−

explicitly teaching students how to pay attention to clues in the text (for

example, punctuation marks) that provide information about how that text should be
read
Students’ reading difficulties may be brought about by poor
comprehension (the understanding and interpretation of what is read). To be
able to accurately understand written material, students need to be able to
(1) decode what they read; (2) make connections between what they read
and what they already know; and (3) think deeply about what they have read.
Rich vocabulary or knowing the meanings of words can help students
with reading comprehension. Readers who have strong reading comprehension are able to draw
conclusions about what they read. Comprehension combines reading with thinking and
reasoning. Teachers can help students work on their comprehension of the text by:
−

asking students open-ended questions such as "Why did things happen that

way?" or "What is the author trying to do here?" and "Why is this somewhat
confusing?"
−

teaching students the structure of different types of reading material. For

instance, narrative texts usually have a problem, a highpoint of action, and a resolution
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to the problem. Informational texts may describe, compare and contrast, or present a
sequence of events
−

discussing the meaning of words as you go through the text. Target a few

words for deeper teaching, really probing what those words mean and how they can be
used
−

teaching note-taking skills and summarizing strategies

−

using graphic organizers that help students break information down and

keep track of what they read
−

encouraging students to use and revisit targeted vocabulary words

−

teaching students to monitor their own understanding. Show them how, for

example, to ask themselves "What's unclear here?" or "What information am I missing?"
and "What else should the author be telling me?"
−

teaching students comprehension monitoring strategies (identify where the

difficulty occurs; identify what the difficulty is; restate the difficult sentence or passage
in their own words; look back through the text; look forward in the text for information
that might help them to resolve the difficulty)
−

teaching students how to make predictions and how to summarize

−

teaching specific “fix-up” strategies to repair misunderstanding, such as re-

reading, re-stating, and using context and decoding skills to figure out unknown words
or ideas
−

teaching students how to use graphic and semantic organizers. Graphic

organizers illustrate concepts and relationships between concepts in a text or using
diagrams. Graphic organizers are known by different names, such as maps, webs,
graphs, charts, frames, or clusters. Graphic organizers can help readers focus on
concepts and how they are related to other concepts. Graphic organizers help students
read and understand textbooks and picture books
−

teaching students to ask and answer specific types of questions, such as

questions whose answers are explicitly stated in the text and those that require
students to make inferences based on what they have read
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5. Best practice examples, teachers’ and students’ experiences
Research has shown that students who read about the scientists’ intellectual or personal
lives are more likely to think of famous scientists as people, like themselves, who had to
overcome obstacles and failure to succeed. Students who did not read about scientists’ lives
believe that the great scientists had a special aptitude for science that separated them from
everyone else. Scientists’ lives are great examples to follow. That is why teachers should include
such topics in their lessons with students. These texts can be used to introduce scientific
concepts. And it will help students to make connections between reading and other issues.
Books and reading have always been written against a context. Teachers should help students
see this wider, historical and political context. The following examples (science clubs, field trips,
audio books, speakers, create e-books) of best practice support this idea.
Science Clubs/reading groups, reading circles have been a powerful way to engage
readers. They usually select a text that everyone was interested in reading. The text can be
based on a scientist’s life. They read the text on their own time, at their own pace. Everyone has
the chance to read and get lost in the text on their own. Then they usually share their thoughts
and ask questions. This enhances their comprehension and makes reading more enjoyable.
(http://www.teachertrap.com/2015/02/bookclubs.html/https://natlib.govt.nz/schools/reading-engagement/strategies-to-engage-studentsas-readers/engaging-teens-with-reading)
Take a field trip. This is another way to make reading social and exciting. Students can
visit a local library, a university library or a museum. They do not necessarily buy or borrow
books; the idea is to know and explore thousands of books. See the following sites which give
you tips on how to prepare students for a field trip: rules for a field trip, building up
expectations

etc.

(https://www.youtube.com/watch?v=5f6H6wHq20M/;

https://www.youtube.com/watch?v=MMhpWWIiE2w).
Listen to audio books. Invite students to listen to them. Audio books help students to
acquire vocabulary, apply comprehension strategies, and enjoy interesting information.
(https://www.youtube.com/watch?v=XFBoqTnxIFM;
https://www.youtube.com/watch?v=n0bWA0cPtKM).
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Invite authors/scientists to speak (speakers). Students can be greatly impacted from
hearing an author/scientists speak about his books and life. http://littlebrownlibrary.com/wpcontent/uploads/2016/12/PR4502_AuthorAppearances_Pamphlet_online.pdf;

/

https://www.societyofauthors.org/SOA/MediaLibrary/SOAWebsite/Guides/A-Guide-forSchools-Organising-an-Author-Visit.pdf
Use technology to create an e-book. Students love technology, which can help them
create their own book (download an app like Book Creator or ebook Magic).
https://www.youtube.com/watch?v=cvEenx1IehM;
https://www.youtube.com/watch?v=Yn57OhbnwiY;
https://www.youtube.com/watch?v=TE5DTD87-IE
European projects:
The ADORE-Project “Teaching Adolescent Struggling Readers. A Comparative Study of
Good Practices in European Countries” (https://www.bvekennis.nl/Bibliotheek/13-0155.pdf)
was sponsored by the European Commission. The project aimed at pointing out principles and
key elements of good practice, identifying criteria for assessing the quality of these practices
and building a network of researchers and practitioners in the field of adolescent literacy across
European countries.
The

Goerudio

project

(http://goerudio.pixel-online.org/educational_products.php)

aimed at meeting two challenges facing European schools: secondary and vocational school
students' lack of motivation when studying scientific related topics; school teachers' lack of
innovative teaching methods to promote students' interest in scientific issues. The project'
products enable students to go through visual and audio creative experiences, which are rooted
in daily reality, make science accessible and stir interest in studying science.
The Enature project (https://enature.pixel-online.org) promotes a proactive students’
approach to scientific subjects learning and proposes innovative teaching methodologies to
scientific teachers. Problem-based and real life cases underpinning the project's outputs enable
students to improve their basic skills and get involved in the learning process.
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6. Benefits (why reading comprehension)
Without reading comprehension, reading loses its very purpose: to help students learn
and acquire knowledge. In addition to acquiring knowledge, oral and written language skills
continue to develop with exposure to new ideas and vocabulary in printed text.
Having excellent reading comprehension skills is
crucial. Reading comprehension skills increase the pleasure
and effectiveness of reading. They help students develop
intellectually, socially, and professionally. Effective reading
comprehension skills help students in all school subjects.
Moreover, the tests that control students’ progress in
school, their educational journey and their admission to
college are mainly based on reading comprehension skills.
Therefore, building effective reading comprehension skills must be at the core of any
educational policy.
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CHAPTER 4: Enhancing listening comprehension in science education
Author: Dr. Miglena Molhova, Zinev Art Technologies, Bulgaria

1. Definition and concept behind it
Science at school level is usually viewed as a practical subject – one that is taught
using experiments, for instance. But effective teaching and learning requires language, whether
it is written in textbooks or shared orally during classroom discussions. Language is necessary
even while doing practical work: teachers must explain what they are doing and students need
to ask questions.
Listening comprehension is only
part of the whole system of
cognitive

recognition

understanding
provided

in

of

and

information

specific

context.

When we speak about science
education
development

in

schools
of

and

listening

comprehension, we need to have
in mind that currently scientific
topics are explained through
scientific language, which hampers the understanding of kids; their educational success in
sciences is mainly related to the word skills of the teachers and their ability to explain.
Researches involving a wide range of educators in a number of countries have consistently
found that teachers do most of the talking in classrooms. Language plays a crucial role in the
formation and development of concepts. This suggests that a teacher’s language is vital in
teaching science and creating the condition for meaningful learning. 1
The problem is that no matter how close teachers try to be to the conscious, cognitive
and thinking models of kids they usually fail for the fact that the neurological connections in
1

https://www.weforum.org/agenda/2015/06/why-language-is-so-important-in-science-teaching/
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their brains, their experience and knowledge, are very different from these of the kids.
Introducing new scientific language to students can cause considerable confusion, particularly
when the students may have established a different understanding of the terms from their
everyday use. Careful thought needs to be given to the selection of new scientific terms, the
choice of language used in definitions and the implications of prior understandings based on
everyday use. 2
Listening comprehension encompasses the multiple processes involved in understanding
and making sense of spoken language. These include recognizing speech sounds, understanding
the meaning of individual words, and/or understanding the syntax of sentences in which they
are presented. 3
Listening comprehension is the ability to know the words, which one hears and relate to
them in some way, based on his/her prior knowledge and experience. Good listening
comprehension allows the listener to understand the information he is presented, remember it,
discuss it, and even retell/present it in his own words.
Listening comprehension also refers to recognizing the rhythmic-melodic elements of
the speech - the emphasis, the intonation, the length of the vocals, etc. and making relevant
conclusions based on context, real-world knowledge, and speaker-specific attributes (e.g., to
what information the speaker has access and about what he/she is likely to be talking). For
longer stretches of language or discourse, listening comprehension also involves significant
memory demands to keep track of causal relationships expressed within the discourse. 4
Listening is the ability to fully understand a message which a speaking or a loudly
reading person desire to give. Listening is an important part of communication and education
process. According to Güneş (2007: 74), listening is not only done in order to set up
communication, but at the same time it develops learning, understanding and mental skills.
According to this, listening is not just the process of hearing sounds correctly. Listening is the
whole of mental activities realized in order to understand what is heard. That is to say, listening

2

https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/science/continuum/Pages/scilang.aspx
Nadig A. (2013) Listening Comprehension. In: Volkmar F.R. (eds) Encyclopedia of Autism Spectrum Disorders. Springer, New York,
NY
4
There again.
3
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means making choices from among what is heard, organizing them, integrating what is
transferred by the speaker with background knowledge and structuring them mentally. Listening
in educational communication includes carefully following and perceiving messages sent by the
speaker to the listener and making sense of them by retrieving relevant experiences from the
memory. Since most of the teaching is based on verbal explanation, being competent at
listening on its own is a communication skill for both the teacher and the student (Başaran, 2005:
433).
In order to both set up healthy communication and achieve efficient learning, it is
necessary to know how to listen. Listening is not only understanding, getting informed and
appreciating, but it is also etiquette. Both in daily life and working life and social life, establishing
a healthy and good environment depends on the presence of people knowing how to listen (Koç,
Müftüoğlu et al., 1998: 55). Listening training starting at early ages is a process composing all
learning periods of an individual. Listening habit which a student acquire during preschool and
elementary school years should be enhanced more via help of new information to be given and
new practices to be done at high school level and a good listening habit should be one of his/her
distinct personality characteristics (Yılmaz, 2007: 50). 5
2. The difficulty of spoken science language in class and why there is need to
develop listening comprehension of students
The words that comprise the science classroom language fall into two broad
components:
•

the technical concepts - which are specific to a science subject or discipline:

photosynthesis, respiration and genes in biology; momentum, capacitance and voltage
in physics; atoms, elements and cations in chemistry.
•

non-technical concepts: the non-technical component is made up of non-

technical words and defines or gives identity to the particular language of learning and
teaching in a classroom or the language of a science text. Some of these non-technical
words give identity to certain science subjects where they are used to embody a

5

Gulec, S., Durmus, N., A Study Aiming To Develop Listening Skills Of Elementary Second Grade Students
Procedia - Social and Behavioral Sciences 191 ( 2015 ) 103 – 109
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particular concept important to a process of learning in the specific science subjects:
“reaction” in chemistry, “diversity” in biology and “disintegrate” in physics. 6
When used as science terms, every day words attain new meanings. They become
science words. Some words like “define” and “explain” are used in place of “say”, while nontechnical words like “calculate” and “predict” are used in place of “think”.
As an example, students are already very familiar with the term ‘gas’ as one used to
describe a range of combustible fuels (for example LPG camping gas, BBQ gas bottles or LPG
motorcar fuel). The term may also be used to describe the natural gas used in homes for cooking
or space heating. The word ‘gas’ in all of these contexts is used to describe a flammable fuel that
is burnt to generate heat. It is reasonable to expect this common usage of the word to lead to
some confusion when the scientific use of the word is introduced. It is well documented that of
the three general states of matter, gases are least well understood by students. When most
students are asked to give examples of a gas they invariably provide only uses of gases, i.e. they
make strong connections with gas flames and combustion. Younger students for example often
do not define air as a gas because a gas is seen as something that is combustible and air is not. 7
What does the language of science look like? 8
(The following table represents examples of language features found in traditional
science texts. However science texts, like all others, come in many forms; the genre is diverse
and constantly changing and evolving.)
Text Organization
Text structure
Information is presented in a logical order where
meaning is built up step by step.

Example
The gecko uses its detachable tail in
two ways. It drops its tail if a predator grabs
it, and it may also drop its tail if a predator
is approaching.
Evaporation occurs when water is
heated. This involves...

6

https://www.weforum.org/agenda/2015/06/why-language-is-so-important-in-science-teaching/
https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/science/continuum/Pages/scilang.aspx
8
https://arbs.nzcer.org.nz/language-science-specialised-language
7
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Connectives
Connectives link ideas so that claims about
knowledge can be formed and justified. The place
of connectives within a sentence varies.

The gecko uses its detachable tail in two
ways. It drops its tail if a predator grabs it,
and it may also drop its tail if a predator is
approaching.
Evaporation occurs when water is heated.
This involves...
Other connectives include those used to
clarify, sequence ideas, and present a
condition or concession.

Language Feature
Technical language
Technical words are specific to a particular topic,
field, or academic discipline. These words, i.e.,
their scientific meanings, are usually uncommon
elsewhere.

Example
Indigenous, podocarp, regeneration;
endangered, database, DNA samples,
dorsal fin, habitats, Hector's dolphin,
species, run-off pollution; CO2; solution,
periodic table.

General words that also have different scientific
meanings.

Potential, wastes, solution.

Academic language:

Affect, analyse, assess, concept, conclude,
consequent, define, design, estimate,
formula, identify, indicate, interpret, major,
method, process, resource, relevant, select,
similar, specific, theory, transfer, vary.

Academic words are common to the range of
academic disciplines.
Condensed language:
Information is densely packed, i.e., several ideas
are packed into just a small amount of text.
Nominalisation condenses information by
removing the person and sometimes other details
such as time. It is a process by which verbs, and
sometimes adjectives, become nouns.

"Heavy rain causes the water to rise up high
and spill over the banks" (an example of a
child’s use of everyday language to explain
a process) is turned into "Heavy rain causes
flooding" (an example of a more condensed
form of language).
("…water to rise up high and spill over the
banks" is written using mainly verb phrases
– "to rise up high" and "spill over";
"flooding" is written as a noun).
In this example, a lengthy
explanation is turned into a single noun –
"flooding".

Factual and objective:
The focus is on things and processes. People's
thoughts, feelings and opinions are not usually of
interest. Personal pronouns such as "it" and "they"

Southern right whales do not have teeth.
Instead they have filters, called baleen or
whalebone, which...
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are reasonably common, especially in scientific
reports, but "she", "he", "we", "I", and "you", are
not.
Passive voice:
The passive voice focuses attention on the action,
not who did it.

Baking soda and vinegar [subject] were
mixed [verb]. I.e., the baking soda and
vinegar receive the action of the verb in
that they were mixed.

The subject of a clause receives the action (or
state) of the verb, i.e., the subject is the target of
the action.

We [subject] mixed the baking soda and
vinegar [verb]. I.e., "We" (the students) is
the agent or actor of the verb in that the
students mixed the baking soda and
In contrast, the active voice is where the subject is vinegar.
the agent or actor of the verb.
"Doing" and "linking" verbs
"Doing" verbs express the action and happenings
in a text. "Linking" verbs link pieces of
information. These types of verbs are common in
science texts. The verbs of inner consciousness
such as feeling, thinking, believing, and seeing, are
not.

"Doing" verbs, e.g., Geckos speed away
whenever an enemy comes near. ("speed
away" and "comes near" are verb groups.)
"Linking" verbs, e.g., Hooker's sea lions are
native to New Zealand ("are" links
"Hooker's sea lions" with "native to New
Zealand") and, e.g., Ants have six legs
(“have” links “Ants” with “legs”).

Why we address the need to develop listening comprehension: because students need
not only to learn a specialized vocabulary but they need to understand how words go together
and when to use this way of communicating. While speaking in class teachers need to help
students build bridges between their known and familiar ways of using language, and
academic/scientific ways of using language.
When students come to school, they are already fluent in many discourses: the language
of play, the language of family festivals, the language of eating, and so forth. In the classroom,
students are confronted with new, academic discourses. Academic scientific discourse
represents a distinct way of knowing and thinking (Gee 2004; Halliday & Martin, 1993; Lemke,
1990; Ogborn, Kress, Martins, & MacGillicuddy, 1996), and therefore a particular language for
conveying ideas to others (Goldman & Bisanz, 2002; Halliday & Martin, 1993).
Specifically, research has shown that academic scientific texts express scientific ideas
that are canonical and theoretical in nature, referring to general classes of objects rather than
particular ones, and these texts tend to emphasize relationships of classification and logical
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connections among general terms and processes (Lemke, 1990). Unlike narrative or everyday
discourses, academic scientific discourse is characterized by elements such as topic
presentations, descriptions of attributes, characteristic events, category comparisons,
experimental ideas, results, final summaries, (Pappas, 2006), and explanation (Lemke, 1990;
Ogborn et al., 1996), as well as linguistic characteristics such as general nouns, present tense
verbs, nominalization, and technical vocabulary (Halliday, 2004; Halliday & Martin, 1993; Hasan,
1985). Furthermore, academic scientific texts are written from an authoritative distance from
the reader (Christie, 1989) in a serious register (Wollman-Bonilla, 2000) that precludes the use
of familiar, everyday language. Facts are presented objectively, without explicit evidence of the
author's opinion of the value of the facts.
Fluency in a specialized language such as scientific discourse involves receptive
knowledge and expressive knowledge of linguistic patterns and words. Receptive knowledge
refers to students' ability to understand, to some extent, the word when they hear (or read) it.
Expressive knowledge refers to the students' ability to use the term in speech or writing to
communicate scientific ideas. Often in classroom instruction, receptive knowledge receives
more instructional focus than does expressive knowledge. For one thing, there is more focus on
reading and comprehending than on talking and writing. In addition, it is a more complex
endeavor to measure (test) expressive knowledge than receptive knowledge. Typically
assessment of language is limited to measuring students' ability to define vocabulary terms or to
select a correct definition from four distracters, and such assessment does not directly address
students' ability to use particular vocabulary to communicate ideas. However this is a very
important ability directly related to comprehension of scientific text – if the students do not
understand the concepts it would be very difficult for them to express or communicate their
scientific knowledge with others and even less to use it practically in specific everyday situations,
which may require the use of such knowledge.
3. Developing listening comprehension
In the process of developing listening comprehension we have considered some
important issues that need to be taken into consideration in the education; these are: how the
teachers can influence the process; what strategies they might adopt and which could be the
pedagogical tools, which would be the most effective in the process.
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3.1 The role of the teacher in class
When conveying science ideas to students one of the most important roles of the
teachers is to make sense of the world that surrounds them – this involves using and developing
language to communicate meaning. The classroom is an important arena in which both
academic language and language skills for “everyday use” can and should be developed. There’s
a growing recognition of the importance of developing “language for use,” with the purpose of
fostering understanding and communication of ideas, rather than a primary emphasis on
isolated, decontextualized skill development that focuses on scientific vocabulary.
For listening comprehension to be enhanced at school, there are some prerequisites to
be fulfilled. These are:
•

readiness level;

•

attention

•

and teacher guidance.

Before starting a lesson, students should be made ready to listen. Each teacher can do
this with a particular style (a question or an anecdote related to subject, etc.). Drawing students'
attention to the lesson’s subject is the prerequisite for a good listening. It is difficult for a
student with distracted attention to understand what he/she listens. (Umagan, 2007: 155). 9
When people are engaged in science, the language of communication they use tries to
be more precise and consistent. Science often introduces technical words with specific
meanings and also gives scientific meaning to words which may have a different usage in
everyday language.
Scientific language is used by teachers in two main ways:
•

With discipline-specific science words or phrases: discipline-specific science

phrases are terms that are used in science subjects and carry scientific meaning, which
is why they are convenient to use when communicating with other physicists,chemists,

9

Gulec, S., Durmus, N., A Study Aiming To Develop Listening Skills Of Elementary Second Grade Students
Procedia - Social and Behavioral Sciences 191 ( 2015 ) 103 – 109
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biologists, etc. about research. However, varying levels of prior content knowledge are
necessary to fully understand the scientific meaning of the phrase. Specialists (science
teachers, researchers) often use science-specific phrases when introducing their topic,
or in the middle of their research descriptions, when they are employing a strategy to
explain jargon and end up introducing other jargon words in the process. Disciplinespecific science phrases can be characterized by the academic level at which one would
be introduced to this term or terms.
•

Through hybrid science words or phrases: hybrid science phrases are the

use of words or phrases that can have both scientific meaning but also meaning in
everyday life. Included in this category are instances of teachers using the everyday
meaning of a word and also instances of teachers using a word that is often used in
scientific contexts, but they are using it casually, not as part of a definition in their
research descriptions. This category of scientific language is complex and has potentially
high impact – communication to the public may be impeded in subtle but crucial ways
by physicists “accidental” use of scientific terms or of everyday terms that may have
nontrivial scientific meaning. 10
When considering introducing new scientific words to students, teachers should
consider their answers to the following questions:
•

Is the word important? – Is the term in frequent use and of scientific

importance to the students? The term ‘orogeny’ has a precise scientific meaning but will
its use be helpful to students at their level?
•

Does it add to the students’ understanding if it is used? – Often the meaning

of the word is constructed by students through frequent use and by testing its correct
application in new contexts.
•

Does the student have to know the word now? – The difference between

the terms ‘weight’ and ‘mass’ provide good examples of terms that should be used
when they are conceptually appropriate for the student.

10
Use of Scientific Language by University Physics Students Communicating to the Public
Hinko, K., Seneca, J., Finkelstein, N.,
https://www.colorado.edu/physics/PISEC/PDFs/PERC14_Hinko.pdf
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Would insisting on the use of the word be useful to the child? – The term

•

‘melting’ describes a change of state which has useful applications in a range of different
contexts; it is powerful to students because it can replace a lengthy description with a
single word. Research: Harlen (1993) 11
3.2 Strategies for enhancing listening comprehension
Here we will discuss some approaches and strategies, which can help the teacher work
for the improvement of listening comprehension of his students in class. These are divided into
2 groups:
3.2.1 Strategies to convey meaning;
4. Strategies to convey meaning
Analogy

Speaker draws a parallel to another,
potentially more familiar concept to explain
the scientific concept.

Illustration

Speaker gives several examples to
illustrate a concept.

Explanation

Attempt by the speaker to define a
scientific jargon word he/she uses.

Colloquialism

A simplification of a scientific concept
in everyday language that does not have a
precise scientific meaning.

Source: Hinko, K., Seneca, J., Finkelstein, N., Use of Scientific Language by University
Physics Students Communicating to the Public

Analogy: Students draw parallels between their research and a situation they perceive
to be familiar to the audience, referring to similarities in order to give a picture of a complex
scientific construct. Sometimes the analogy relates to a single concept, and other times it is
used as a framing device for their entire research description. An example is:

11

https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/science/continuum/Pages/scilang.aspx
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“We understand how molecules interact with each other, by blowing them up with a
laser and figuring out how they were originally in the first place. [...] like if we were bowling and
trying to put the pins back based on where they fell in the first place.”
Illustration: Speaker clarifies a discipline-specific science word by giving one or several
examples of familiar scenarios that can be compared in terms of scope or scale. Illustrative
phrases differ from
analogies in that they are direct comparisons and share the same properties of the
original phrase – for instance, describing how cold something is by listing other cold objects.
Examples include:
“By tiny I mean much smaller than not even a human hair, but less than a thousandth
of a human hair, or even smaller.”
“[...] if you were to take ten Antarcticas, put them all together, and put them into your
freezer, you wouldn’t even be even close to this cold as we go.”
Explanation: Speaker attempts to provide a description of the characteristics or
mechanisms of a discipline specific concept. The explanation is often given as a definition of the
word or phrase. Explanations differ from analogies and illustrations in that they are not explicitly
comparative. Examples include:
“A vacuum is essentially a place that has no air”
“I take molecules, which are just small (...) groups of atoms put together”
Colloquialism: Speaker employs informal language to describe a discipline-specific
science phrase in place of more precise terminology. Verbs or adjectives that are familiar to the
audience are used instead. Examples are:
“ [...] that’s really just a big word for saying we shoot lasers at things and see what
happens.”
“[...] those atoms are going to wiggle around inside that material.”
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3.2.2. Strategies to improve students’ attention towards spoken words;
DRAMA: One of the methods most frequently used in listening training is drama. Drama
on its own is an educational area developing and training a child and at the same times an
effective method developing creativity (Bayram et al., 2004: 7). The use of drama in class is a
great strategy to work on listening skills. Here are examples of some active listening exercises
that the science teacher can use:
• Modeling: have a student come up to the front of the class and instruct him/her

to start a conversation with you on a topic. It might be helpful to give them a topic: What
did you do in your previous science class? What is your favorite science concept and
why? As they talk, model the difference between a distracted listener and an active listener
(using the nonverbal and verbal cues). Afterwards, ask the student to compare what it was
like to try to talk to someone who was distracted vs. someone who was actively listening?
• Story Share: This can be done as a large group discussion, or you can divide

students into groups of four to make it more low-risk. Ask students to share a story about
when they felt that they weren’t being listened to. What was the situation? What was the
outcome? What did it feel like to not be heard?
•

Variation: Divide students into pairs. One person shares their story,

the other listens. After one minute, stop the groups and ask a couple of listeners
to paraphrase the speaker’s story. How closely were they really listening?
•

Variation: Do this as a group scene. Divide students into groups and

have them create a scene in which a character wants to be heard and another
character(s) will not listen. If students are having trouble coming up with a
situation, suggest a parent/teen or teacher/student scenario.
•

Variation: Ask a group of volunteers to do an improv scene. Pull one

of the volunteers aside and instruct them to not listen to their fellow actors and
to respond accordingly. Afterwards, discuss with the class about what it’s like to
try to act with someone who is not listening.
• Learn about: Students listen to each other in groups and then recall what they

learned.
Divide students into groups of three. Each group decides who is A, B, & C. Have A
start. He/She has 30 seconds to talk to B about his/her explanations about the scientific
concepts he/she finds most interesting: animal groups, physics experiments he/she likes,
http://goscience.com
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chemical compounds used at home, etc. At the end of 30 seconds, B turns to C and tells C
what he/she remembered about A’s most interesting things. B then talks to C for 30
seconds about their favourite things. At the end of 30 seconds, C turns to A and tells A
what they remember about B’s favourite things. The cycle repeats with C talking to A, and
then A telling B.
• The end of the word: Stand in a circle. Start with a word – “Cell.”
The person beside you has to come up with a word starting with the last letter of
the first word – “Laser.” The next person does the same – “Reaction.” Students have to
listen and respond. Start slowly and gradually increase the speed. Set a timer (1 or 2
minutes) and see how many words you can get in that time. You can also start this exercise
with smaller groups of 4 or 5 which is lower risk for beginning drama students.
• Make a Story: The goal is to make a seamless story among various players.
Have a group of 6 to 10 students line up in a row.Start by getting a suggestion from
the audience. (“May I have the title of a story that’s never been written…???”) After
receiving the suggestion (i.e. “The Best Science Class Ever”), repeat it back – this is to
ensure that the players have heard it. The Conductor points at one player who starts telling
the story and keeps talking until The Conductor points at someone else. Have the next
player pick up where the last improviser left off – have them do it as seamlessly as possible
(even if it’s mid-word or mid-sentence).Keep pointing at players and telling the story until
you feel it is done.
DICTATION: Dictation works are among the activities to be done with the aim of
developing students' listening skills. Students are supposed to listen in dictation works. Reading
a text to be dictated by dividing into appropriate lengths and repeating parts read will help
students to focus their attention (Kocaadam, 2011: 15). During listening, students should picture
what they listen in their minds by using their imagination as well. Many stories include rich
detail and descriptive expressions. Children should create mental images by thinking over these
and, after listening, be able to put them into paper as well (Yılmaz, 2007: 59). In developing
students' listening skills, story maps should be benefited. A story map includes diagrams in
which characters and concepts of event, time and place in a story are associated with one
another. A story map prepared beforehand is distributed to students after having them listen to
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the story and they are asked to fill in this diagram. Hence, both students can be helped to
develop their listening skills and permanent learning can be achieved. 12
WORD GAMES 13
Time to talk: It is important to promote students’ dialogue as they have instructional
conversations. We need to provide students with opportunities to use their colloquial language
and translate back and forth with scientific and technical terms. We can use this strategy, called
interlanguage, to discuss the different explanations of the students’ experiences in the
classroom. For example:
Student: “We put this smooth powder in the bag along with the crunchy powder and the
bag blew up and got hot.”
Teacher: “We mixed baking soda and calcium chloride with water resulting in a gas, and
heat was released.”
Scientist: “The combination of baking soda and calcium chloride is an exothermic
reaction with the products of sodium choloride, calcium carbonate, and carbon dioxide.”
Giving instructions: We can support students’ information processing by supplementing
auditory information with visual clues. When we can provide students with multi-sensory
experiences observing and communicating, it helps all students. Instructions should be given
using a variety of visual or aural support materials:
• drawings, diagrams, and pictures to support the spoken word
• written instructions on word cards or SmartBoard along with verbal instructions
• set-up examples to supplement written lab instructions
• audiotaped instructions alongside written directions
• pictures with words in stages of lab procedures that students can sequence

12
Gulec, S., Durmus, N., A Study Aiming To Develop Listening Skills Of Elementary Second Grade Students
Procedia - Social and Behavioral Sciences 191 ( 2015 ) 103 – 109
13
Carrier, S., Effective strategies for teaching science vocabulary
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Reading science text cards: Text cards help students interact with words and their
meanings. Teachers can create science text cards by writing statements about science concepts
on index cards. Working individually or in small groups, students discuss the statements before
sorting. A number of different formats can be used:
• True/false cards. These cards include statements drawn from the text. Students
sort the cards into true and false piles. For example, when teaching a unit on plants, use
statements such as: “Plants use light from the sun in the process of photosynthesis” (true),
and “Plants must depend on animals for food” (false).
• Agree/disagree cards. This format works well for more value-laden or
controversial topics. One statement (including appropriate vocabulary) is written on each
card. Students sort the cards into three categories: “agree,” “disagree,” or “not sure.”
• Matching pairs. Students are given a stack of cards and asked to match a term
with its associated function, symbol, scientific name, etc. For example, a stack might
include cards with the names of body parts and other cards that name the body parts’
functions. Students match each part to its appropriate function. Other topics for matching
pairs could include:
o parts of a device and its function (e.g. simple machines)
o types of teeth and their functions for classification of animals
o common name and scientific name
o material and its common use
o technical term, meaning, image
o chemical name and symbol
• Sequencing. For cyclical concepts like the water cycle or the seasons, create one
card for each stage in the cycle. Have students arrange the cards in a circular formation to
represent the stages of the cycle. Examples include:
o egg, larva, pupa, adult
o spring, summer, fall, winter
o evaporation, condensation, precipitation, accumulation
• Classification. Make a set of index cards naming vertebrates, for example, and
another set with characteristics of each group — one characteristic per card:
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Vertebrate

Characteristics

Birds

feathers, beaks, lay eggs

Reptiles

scales, cold-blooded, leathery
eggs

Amphibians

cold-blooded, life cycles on
water/land

Mammals

fur, warm-blooded, mothers
provide milk for offspring

Fish

gills, cold-blooded

These cards can be used in two different ways: 1) Pass out one card to each student, and
have them find the other students who belong in their group. 2) Mix up the cards and have
students work in small groups to sort the characteristics into the appropriate groups. Additional
examples for this strategy include:
•

simple machines and examples of each

•

insect orders and characteristics of each

•

ecosystems with plants and animals that live in each.

References
1. Carrier, S., Effective strategies for teaching science vocabulary,
https://www.researchgate.net/Effective+strategies+for+teaching+science+vocabulary.pdf
2. Gulec, S., Durmus, N., A Study Aiming To Develop Listening Skills Of Elementary
Second Grade Students
3. Hinko, K., Seneca, J., Finkelstein, N., Use of Scientific Language by University Physics
Students Communicating to the Public,
https://www.colorado.edu/physics/PISEC/PDFs/PERC14_Hinko.pdf
4. Nadig A. (2013) Listening Comprehension. In: Volkmar F.R. (eds) Encyclopedia of
Autism Spectrum Disorders. Springer, New York, NY Procedia - Social and Behavioral Sciences
191 ( 2015 ) 103 – 109
5. https://arbs.nzcer.org.nz/language-science-specialised-language
6. https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/sci
ence/continuum/Pages/scilang.aspx
7. https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/sci
ence/continuum/Pages/scilang.aspx

http://goscience.com

74

GOSCIENCE 2017-1-BG01-KA201-036209
8. https://www.education.vic.gov.au/school/teachers/teachingresources/discipline/sci
ence/continuum/Pages/scilang.aspx
9. https://www.exploratorium.edu/education/ifi/inquiry-and-eld/educatorsguide/science-talk
10. https://www.oxfordlearning.com/improve-active-listening-skills/
11. https://www.theatrefolk.com/blog/say-active-listening-drama-classroom/
12. https://www.weforum.org/agenda/2015/06/why-language-is-so-important-inscience-teaching/

http://goscience.com

75

GOSCIENCE 2017-1-BG01-KA201-036209

CHAPTER 5: Enhancing the comprehension in science education through
the use of visual analogies
Author: Enric Gimenez Ribes, Associació L’Alqueria Projectes Educatius

The results of the PISA study show that
the scientific skills of the 15-year-olds of
the European Union worsened over the
last years (of the study) (Eurydice).
These negative results find part of
justification in the known disinterest that
students show towards science and its
learning. Some causes can be: a science
education, in which the most conceptual
aspects continue to be the centre, lack of
experimental

work

and

inadequate

curricular content that does little to
awaken children's interest (Murphy &
Beggs, 2003).
Therefore, it is necessary that science
subjects are contextualized with elements
that are familiar to secondary school
students. How can we do it? We can
introduce into our classes: relationship of
science and technology with daily life; practical applications and trying to connect the science
that is studied with the problems of the real world, with the environment and society; scienceenvironment interactions.
Finally, we can use a strategy that allows easy association of familiar knowledge with new
scientific knowledge (the basis of constructivism) through family issues for any student. For
decades Lewis (1933) concluded on the need represented by the use of analogies in the
teaching of science subjects. This is why we will proceed to the study of analogies in this type of
learning.
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WHAT ARE THE ANALOGIES?
An analogy is a similarity between concepts. Analogies can help students build conceptual
bridges between what is familiar and what is new. Often, new concepts represent complex,
hard-to-visualize systems with interacting parts (e.g., a cell, an ecosystem, photosynthesis).
Analogies can serve as early “mental models” that students can use to form limited but
meaningful understandings of complex concepts. Analogies can play an important role in
helping students construct their own knowledge, a process that is encouraged in the Standards
and consistent with a constructivist view of learning. As students’ develop cognitively and learn
more science, they will evolve beyond these simple analogies, adopting more sophisticated and
powerful mental models.
When students study new concepts, meaningful learning proceeds when they find and
visualise connections between a newly taught context and what they already know. This is
especially important in inquiry learning where connections are built between familiar and nonintuitive science contexts.
If the analogies are appropriate, they promote concept learning because they encourage
students to build links between past familiar knowledge and experiences and new contexts and
problems.
An analogy is a comparison of the similarities of two concepts. The familiar concept is called
the analogue concept and the unfamiliar one the target concept. Both the analogue and the
target have features (also called attributes). If the analogue and the target share similar
features, an analogy can be drawn between them. A systematic comparison, verbally or visually,
between the features of the analogue and target is called a mapping. A conceptual
representation of an analogy, with its constituent parts, appears in Figure 1.

Figure 1. A conceptual representation of an analogy, with its constituent parts.
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Analogies are a resource used frequently in daily life and in the school when the teacher, for
example, uses a known and familiar idea for the student to understand a new complex idea. For
this same familiarity and purpose, analogies are recommended as teaching tools, and favouring
the visualization of scientific concepts that are, in most cases, abstract for student
understanding.
Using familiar analogies for students (as well as other examples) helps not only to facilitate
the learning of science, but also demonstrate the involvement of science in many fields of daily
life.
The use of analogies is in accordance with the constructivist approach to teaching. One of
the requirements of both the didactics of constructivism analogies is taken into account prior
knowledge of students. For learning to be meaningful it is necessary that new knowledge is
"constructed" upon which already owns, and the relationship to establish the teacher between
prior knowledge of their students and new knowledge is precisely the essence of the analogy.
In summary, the advantages of analogies include:
•

They are valuable tools to bring about a conceptual change.

•

They can facilitate understanding of abstract concepts to establish

similarities with the real world.
•

They can provide a visualization of abstract concepts.

•

They can arouse the interest of students and therefore motivate them.

Forcing the teacher to take into account prior knowledge of students. Thus, the use of
analogies can also reveal misconceptions on issues already studied.
When a proposal for the practical intervention that can be done in the classroom, it is
essential to know the errors and limitations that may have introduced the use of analogies in
science education, in order to prevent them.
An analogy never based on an accurate approximation between the analogue and the
subject, there is always characteristics of the analogue differ from the structure of the object
and may be misleading.
Analogical reasoning is only possible if the analogies provided are actually collected by the
students. If students have misconceptions in the domain of analogue, analogical reasoning
http://goscience.com

78

GOSCIENCE 2017-1-BG01-KA201-036209
transfer them to the domain of the object. Therefore, it is important for the teacher to ensure
that the planned analogies are effectively captured by students.
Although analogical reasoning seems to be quite common in daily life and in other contexts,
is unusual spontaneous use of analogies by teachers part or means of learning. Analogical
reasoning in learning situations requires considerable instruction. Analogies can be provided by
surface similarities or deeper structures, only the latter have deductive power.
Teachers should keep in mind that an analogy is a double-edged sword. If used carefully, it
can make complicated concepts meaningful to students; if used carelessly, however, it can cause
students to form misconceptions. Misconceptions can occur in places where the analogy breaks
down, so teachers should “head students off at the pass” by pointing out these places to
students.
ANALOGIES IN SCIENCE LEARNING
The process of relating concepts by means of analogy is a basic part of human thinking, and
authors, teachers and students are certain to use it.
It is common for the teacher’s edition of science textbooks to point out, in the introduction,
all of the special features incorporated into the design of text to facilitate students’
comprehension of science concepts. These features include: advance organizers; structured
overviews; highlighted concept names; margin notes: introductory and review questions;
illustrations; cartoons; boxed examples; conceptual activities; and glossaries. However,
analogies rarely are mentioned in textbook introductions.
One reason why analogies are not promoted, even in textbooks that make extensive use of
them, is that the skill of writing good analogies is what psychologist call “procedural”, rather
than “declarative”. Procedural knowledge is knowledge of “how to do something” rather than
“how to explain it in words”. The development and evaluation of analogies are subjective, as
they are more of an art than a science.
STRATEGIES FOR PUTTING THIS APPROACH IN PRACTICE
Teachers use analogies throughout their lessons, especially when responding to student
questions. When a teacher uses phrases such as “similarly”, “likewise”, “in the same way as”, “in
comparison to”, and “just like”, they are generally using analogies to help students grasp a
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concept. If, however, the analogies are not well chosen or applied systematically, they may be
ineffective or cause confusion.
To maximize the benefit of analogies while minimizing the dangers, we suggest that
educators employ the Teaching with Analogies (TWA) strategy introduced by Glynn, Duit, &
Thiele. This strategy models what expert teachers and authors employ when using analogies. In
the TWA strategy, shared attributes between the analogue and target are known as mappings.
The goal is to transfer ideas from a familiar concept (the analogue) to an unfamiliar one (the
target) by mapping their relationship. The TWA model consists of the following six operations:
Introduce the target concept
Review the analogue concept
Identify the relevant features of target and analogue
Map similarities between the target and analogue
Indicate the limitations of the analogy
Draw conclusions
One implication of the Teaching-With-Analogies Model is that teachers should try to select
analogies that share many similar features with the target concept. In general, the more
features shared, the better the analogy. Another implication is that teachers should verify that
students have not formed misconceptions. One way to do this is to ask focused questions about
features that are not shared between the analogue and the target concept. Another way to do
this is to ask students to generate their own analogies and indicate where the analogies break
down.
It is important to remember that an analogy serves as an early “mental model” that
connects prior knowledge with new knowledge when teaching a complex concept. The analogy
paves the way for the expansion of the concept in an instructional unit and the teaching of a
more sophisticated mental model.
PUT INTO PRACTICE. ELABORATE ANALOGIES
It will proceed to explain the use of analogies in the science classroom.
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EXAMPLE 1: What We’re Made Of
Fifth-grade class recently saw a Superman movie and were arguing about whether the Man
of Steel was really made of steel. The students quickly agreed that Superman wasn’t made of
steel, but that got them thinking about what real people are made of.
Before the students will actually have a formal lesson on the cell, the teacher can use Lego
bricks to make an analogy. Asking questions like: “What are these little bricks and what can you
do with them?” Finally, we can conclude Lego bricks get put together to make bigger things.
Likewise, cells get put together to make bigger things—things like people, dogs, cats, oak trees,
or rose bushes—these living things are made up of cells—lots and lots of tiny cells. So we can
use this example to explain it, this is an analogy between Lego bricks and cells. Making an
analogy helps the students to understand something new by comparing it to something you
already understand.
So, in the model Teaching-With-Analogies Model (TWA) the result is:
Introduce the target concept, the cell, to students.
Remind students of what they know of the analogue concept, a Lego.
Identify relevant features of the cell and a Lego.
Connect (map) the similar features of the cell and a Lego.
Indicate where the analogy between the cell and a Lego breaks down.
Draw conclusions about the cell.
Moreover, we can continue with the explanation showing cell diagrams, photos, and videos
and describing the different kinds of cells. The students learn that the cells in their bones are
different from the cells in their heart or brain and that their bodies are made up of about 200
different types of cells, all working together. As they progress through a unit on cell structure
and function, students eventually learn that each cell must make the molecules it needs to
survive, grow, and multiply—and that each cell is made up of parts, including organelles, with
important functions.
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As the students learn about the parts of cells and the function of these parts, we can
propose other analogy-based activities such as making an “edible cell” from gelatine, fruits, and
candies.
We can rely on the Teaching-With-Analogies Model, following its steps:
Introduce the target concept, the animal cell and its parts, to students.
Remind students of what they know of the analogue concept, the gelatine mould and its
parts.
Identify relevant features of the cell and the gelatine mould.
Connect (map) the similar features of the cell and the gelatine mould: e.g., nucleus (plum),
mitochondria (raisins), lysosomes (M&M candies), endoplasmic reticulum (gummy worms),
ribosomes (candy sprinkles), Golgi complex (folded hard candy ribbon), cytoplasm (gelatine),
and cell membrane (gelatine surface).
Indicate where the analogy between the cell and the gelatine mould breaks down (e.g., the
cell is alive and tiny, with parts that only superficially resemble the fruits and candies in the
gelatine mould).
Draw conclusions about the cell (e.g., cells are the building blocks of organisms and all the
functions that sustain life occur within a single cell).
EXAMPLE 2: Chemistry cooking analogy
We will focus on the use of chemistry cooking analogy with the purpose of contextualizing
the teaching of chemistry, when designing a better teaching-learning, achieve quality education
and increase interest students towards studying science.
To make an educational intervention proposal translatable to the classroom, it will need to
develop content and achieve the objectives and powers specified in the laws for the course and
defined subject.
Therefore it is proposed for implementation in the second course of secondary school,
focusing on content and key competencies to be developed, such as research and
experimentation.
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Let's make a cake
The following activity is proposed to work on the contents of general properties of matter,
mass and volume. Mass and volume measurements will be made, directly and indirectly, of solid
and liquid foods within the framework of a cooking recipe, while preparing a sponge cake.
The students will be grouped in groups of 3 or 4 to make a cake per group. Before starting to
make the cake, they will be asked to observe the packaging of the different ingredients,
observing in which units the quantities they contain are expressed, if there are differences
between solid and liquid foods.
It is necessary that they become familiar and learn to use conversion factors appropriately,
since they will use them throughout secondary education and university if that is the case. This
subject is difficult to assimilate for the students, who refuse to use them, and do not understand
its usefulness or some of the equivalences. Therefore, it is intended with this experience to
introduce them in a more graphic and deductive way. Although the amount of liquid products is
usually expressed in L or mL, in the recipe that the students will follow, these will be expressed
in dm3. As both the volumetric laboratory and the volumetric material to determine volumes are
calibrated in L or mL, they will be asked to build a dm3 with carton containers to check their
capacity before beginning the recipe. From there, they can make the necessary equivalences
between dm3 and L or mL and make the necessary measurements with the available material.
Following the steps of a recipe, they will weigh and measure the indicated quantities of the
different ingredients using a scale (laboratory and kitchen) and volumetric laboratory or even
kitchen equipment (measuring cups). They will be guided to deduce whether masses of different
solid ingredients have the same volume, and whether equal volumes of different liquid
ingredients have the same mass. To also perform some indirect measurement of the volume of
a solid, by immersion in a liquid, students will check by this method if the volume indicated in a
packet of butter, for example, corresponds to that determined by this method, and perform the
calculation of its volume based on its measurements, which will convert to dm3 to see this
relationship more graphically.
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Analogue sequence:
The teacher will introduce the topic, which they will have previously studied in class: the
concepts of mass and volume and the methods to determine the mass and volume of solids and
liquids.
Next, you will present the analogous foods, whose quantities (masses and volumes) should
be measured to prepare a sponge cake. Before starting, they will be urged to look in the
packaging of the different ingredients, in which units the quantities they contain are expressed
and to point out differences between solid and liquid foods.
The teacher will also give you the recipe for the cake. Students should check if they have all
the necessary ingredients and all the instruments, laboratory or kitchen. At this point, students
will notice that, in the recipe, the necessary amounts of liquid ingredients are expressed in dm3.
The teacher will then provide them with carton containers and will instruct them to build a dm3
with them (cube 10 cm on each side) to check their capacity. With this equivalence, they will be
able to carry out the necessary conversions between dm3 and L or mL in order to measure the
liquid ingredients with the available material.
The teacher will emphasize the relationships between the measurements that are made
during the preparation of the cake and laboratory techniques, and between the kitchen and
laboratory instruments suitable to perform them. As mentioned, with the intention of also
making some indirect measurement of the volume of a solid, by immersion in a liquid, students
will be asked to check by this method the volume indicated in a packet of butter. The teacher
will ask questions to the students to know their impression about the activity, if it has been
easier to understand the topic, if they have assimilated well the concepts worked and if there is
any doubt. Finally, students should draw conclusions about the topic and its relationship with
everyday life. To complete this sequence, a 55-minute session is planned.
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Figure 2. Map similarities between the target concept and analogue concept.

CONCLUSION
Analogies are a friend to teachers and students alike but as we emphasise, analogies can be
double-edged swords. In order that analogies are used as an effective tool in a science teacher’s
repertoire, knowledge about their pedagogical function is essential.
In its most elementary form, science teachers’ knowledge about analogies should include:
The suitability of the analogue to the target for the student audience and the extent of
teacher-directed or student-generated mapping needed to understand the target concept.
An understanding that an analogy does not provide learners with all facets of the target
concept and that multiple analogies can better achieve this goal.
An appreciation that not all learners are comfortable with multiple analogies because the
epistemological orientation of some is to expect a single explanation for a phenomenon.
Additional understanding of how analogies can be optimally used in class can be derived
from the history of scientific discovery and from accounts of the ways experienced science
teachers use analogies. We do not wish to claim that analogies used in science classrooms will
necessarily improve both science teaching and learning. Still, research has compellingly
demonstrated that, when used effectively, analogies are a valuable pedagogical tool in teachers’
repertoires and this enhancement of practice is our aim in writing this chapter.
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CHAPTER 6: Reciprocal teaching for enhancing comprehension in science
education
Author: Eng. Marieta Georgieva, Professional High School “Prof. Dr. Asen Zlatarov”

Many people believe that science
education

is

all

activities

and

about

hands-on

experiments.

This

emphasis on the doing aspect of
science

underwrites

approaches

to

inquiry-based

science

education.

Often, part of the argument for the
inquiry approach is that students
should be acting more like real
scientists in the field or lab. But while
hands-on activities may be extremely
valuable for students of science, devaluing reading both cripples science education and
misrepresents what real scientists do. Reading is not only a crucial way for students to learn
science content, it is also an important part of what professional scientists actually do. One
study found that scientists and engineers spend over half of their working time reading,
interpreting, and producing text. Without research, there is no science; but without
communication, research would grind to a halt. Literacy enables vital inputs and outputs for
research: read; research; write; repeat.
Why should science teachers teach disciplinary literacy?
Unfortunately, even students who make a strong start on literacy in the early elementary
grades often don’t develop the skills they need to tackle science and other informational texts in
the later elementary years. Students need special help to rise to the challenge of reading to
learn science. They need not only general literacy but disciplinary literacy, skills specific to
reading and producing texts in science. However, science teachers themselves are in the best
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position to help their students grow in the disciplinary literacy specific to science. Students will
do best when their science teachers regard teaching science literacy as part of their job.
What pedagogical content knowledge is needed for teaching disciplinary literacy?
To be effective, science teachers need to know more than the subject matter they teach.
They also need to know how to teach it well; in the lingo of the trade, they need pedagogical
content knowledge. This pedagogical content knowledge includes understanding what
preconceptions students typically bring to the science classroom; understanding which new
science content will be most challenging for students; and knowing what teaching strategies are
likely to help students give up misconceptions and grasp new ideas. For the purpose of helping
students learn disciplinary literacy in science, pedagogical content knowledge also includes an
appreciation of the special difficulties science texts often pose.
What special challenges do science texts typically pose for students?
Science texts often pose a number of challenges to the uninitiated. There can be difficult
new words, or familiar words with unfamiliar meanings. Abstract nouns swallow up complex
processes, and passive verbs conceal the doers of deeds. Text sits cheek by jowl with other
modes of representation in ways that are supposed to clarify information, but that may require
new interpretive skills. Below are brief discussions of some of these challenges.
Reciprocal teaching can be helpful to science teachers when the lesson requires some
student engagement with text. This method is especially effective when used during reading.
The trick is to get students to read reflectively and monitor their own comprehension. Students
may need help in identifying points of difference between their preconceptions and the actual
content of the text. They can benefit from close reading strategies (involving slowing down and
re-reading difficult passages) and from adopting a critical perspective on the text, questioning
the author’s intent. Anticipation guides can help: students can write down their initial
expectations about a text, and then pause during reading to compare their predictions with
what the text says.
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Reciprocal teaching can be used to teach students how to coordinate the use of four
comprehension strategies:
•

predicting,

•

clarifying,

•

generating questions,

•

and summarizing.

While working in small groups, the students use these strategies to engage in a discussion
thereby jointly constructing and enhancing one another's understanding of the text. Originally
designed with seventh graders, reciprocal teaching has been demonstrated as an effective
teaching practice in a variety of settings, by countless researchers (Coley, DePinto, Craig, &
Gardner, 1993; Kelly, Moore, & Tuck, 2001; Myers, 2005; Palincsar & Brown, 1984; Palincsar &
Klenk, 1992; Rosenshine & Meister, 1994).
Definition of Reciprocal Teaching
Have you ever been listening to a teacher read from a book, and instead of paying attention,
you are thinking about what you're going to do that afternoon? What about when you had to
read aloud in class - did you ever read a page and barely remember what you read at the end?
Or maybe you read it and didn't quite understand what you were reading. In any of these cases,
the point is that you weren't staying focused, recalling, or grasping certain reading material. And
those are all issues that reciprocal teaching is designed to prevent and correct. Reciprocal
Teaching (Palinscar & Brown 1984) is a guided reading comprehension strategy that encourages
students to develop the skills that effective readers and learners do automatically (summarise,
question, clarify, predict and respond to what they are reading). Reciprocal Teaching can be
used with fiction, non-fiction, prose or poetry.
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Reciprocal teaching refers to an instructional activity in which students become the teacher
in small group reading sessions. Teachers model, then help students learn to guide group
discussions using four strategies: summarizing, question generating, clarifying, and predicting.
Once students have learned the strategies, they take turns assuming the role of teacher in
leading a dialogue about what has been read.
Reciprocal teaching is a small-group activity in which students rotate through four different
roles to support each other in reading and understanding a text. Enacting four roles and
focusing on evidence from the text (instead of just shooting from the hip with their own
opinions) enables students to learn a great deal through this activity. Reciprocal teaching takes
place in groups of four students, each of whom has one role at a time. The activity is most
effective if students periodically switch roles, either during a single reading or for each new
reading session.
Here are the four roles:
Predictor: This person speaks first. Before reading the text, the predictor looks at the
heading and makes predictions as to what the text will be about.
Summarizer: After reading the text, this person begins by saying what he or she thinks the
text is about, paragraph by paragraph. The goal is for the summarizer to say the main points and
connect them to other ideas or explain what they mean.
Questioner: The questioner asks questions about parts that are unclear or confusing. The
questioner can also ask questions to direct the conversation to what the text explains or how it
connects to other information, such as asking for more information, agreeing or disagreeing, or
asking for evidence.
Clarifier: The clarifier is responsible for responding to the questioner and helping to explain
what the text is about.
Why use reciprocal teaching?
 It encourages students to think about their own thought process during reading.
 It helps students learn to be actively involved and monitor their comprehension as they
read.
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 It teaches students to ask questions during reading and helps make the text more
comprehensible.
How does reciprocal teaching work?
Firstly, teachers help students understand how to enhance comprehension and lead group
discussions by guiding them through four key principles. These key principles are: summarising,
generating questions, clarifying and predicting. Once students feel confident in these core
strategies, they are ready to take on more active roles and become discussion leaders. The
teacher then steps back and takes on more of a coaching role. The students lead discussions
about the text they have read by asking questions, voicing their thoughts and opinions and
sharing the responsibility for understanding the text as a group.

How to use reciprocal teaching
Before Reciprocal Teaching can be used successfully by your students, they need to have
been taught and had time to practice the four strategies that are used in reciprocal teaching
(summarizing, questioning, predicting, clarifying). One way to get students prepared to use
reciprocal teaching: (from Donna Dyer of the North West Regional Education Service Agency in
North Carolina)
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1. Put students in groups of four.
2. Distribute one note card to each member of the group identifying each person's unique
role:
 Summarizer
 Questioner
 Clarifier


Predictor

3. Have students read a few paragraphs of the assigned text selection. Encourage them to
use note-taking strategies such as selective underlining or sticky-notes to help them better
prepare for their role in the discussion.
4. At the given stopping point, the Summarizer will highlight the key ideas up to this point in
the reading.
5. The Questioner will then pose questions about the selection:
 Unclear parts
 Puzzling information
 Connections to other concepts already learned
6. The Clarifier will address confusing parts and attempt to answer the questions that were
just posed.
7. The Predictor can offer predictions about what the author will tell the group next or, if it's
a literary selection, the predictor might suggest what the next events in the story will be.
8. The roles in the group then switch one person to the right, and the next selection is read.
Students repeat the process using their new roles. This continues until the entire selection is
read. (Source: ReadingQuest)
9. Throughout the process, the teacher's role is to guide and nurture the students' ability to
use the four strategies successfully within the small group. The teacher's role is lessened as
students develop skill. (For more information, see the article Reciprocal Teaching for the Primary
Grades: "We Can Do It, Too!".)

FOUR STRATEGIES USED IN RECIPROCAL TEACHING
Each strategy was selected for the following purpose:
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SUMMARIZING provides the opportunity to identify and integrate the most important
information in the text. Text can be summarized across sentences, across paragraphs, and
across the passage as a whole. When the students first begin the reciprocal teaching procedure,
their efforts are generally focused at the sentence and paragraph levels. As they become more
proficient, they are able to integrate at the paragraph and passage levels.
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QUESTION generating reinforces the summarizing strategy and carries the learner one more
step along in the comprehension activity. When students generate questions, they first identify
the kind of information that is significant enough to provide the substance for a question. They
then pose this information in question form and self-test to ascertain that they can indeed
answer their own question. Question generating is a flexible strategy to the extent that students
can be taught and encouraged to generate questions at many levels. For example, some school
situations require that students master supporting detail information; others require that the
students be able to infer or apply new information from text.
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CLARIFYING is an activity that is particularly important when working with students who
have a history of comprehension difficulty. These students may believe that the purpose of
reading is saying the words correctly; they may not be particularly uncomfortable that the
words, and in fact the passage, are not making sense. When the students are asked to clarify,
their attention is called to the fact that there may be many reasons why text is difficult to
understand (e.g., new vocabulary, unclear reference words, and unfamiliar and perhaps difficult
concepts). They are taught to be alert to the effects of such impediments to comprehension and
to take the necessary measures to restore meaning (e.g., reread, ask for help).
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PREDICTING occurs when students hypothesize what the author will discuss next in the text.
In order to do this successfully, students must activate the relevant background knowledge that
they already possess regarding the topic. The students have a purpose for reading: to confirm or
disprove their hypotheses. Furthermore, the opportunity has been created for the students to
link the new knowledge they will encounter in the text with the knowledge they already
possess. The predicting strategy also facilitates use of text structure as students learn that
headings, subheadings, and questions imbedded in the text are useful means of anticipating
what might occur next.

In summary, each of these strategies is a means of aiding students to construct meaning
from text as well as a means of monitoring their reading to ensure that they in fact understand
what they read.
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How to successfully use reciprocal teaching in the classroom?
The beauty of reciprocal teaching is that it is a versatile teaching strategy that can be used
across many different subjects. This method is designed to give students deeper thinking skills
that they can apply across all of their learning.
Content areas:
Reading: While doing a reciprocal teaching lesson, the teacher should model the strategy at
first to show student what they are supposed to be doing. She chooses a topic and assigns
groups. Have students read a few paragraphs of the assigned text selection. Encourage them to
use note-taking strategies such as selective underlining or sticky-notes to help them better
prepare for their role in the discussion. At the given stopping point, the Summarizer will
highlight the key ideas up to this point in the reading. The Questioner will then pose questions
about the selection, the Clarifier will address confusing parts and attempt to answer the
questions that were just posed. The Predictor can offer predictions about what the author will
tell the group next or, if it's a literary selection, the predictor might suggest what the next
events in the story will be. Then they will rotate and leap going into reading is done.
Mathematics: When teaching a new math concept, the teacher can use this strategy to help
student understand the certain problem and how to solve a certain type of the problem. For
example students can look at one question and the predictor can predict how to solve, the
answer, or the steps. The questioner can ask question such as what manipulative we are going
to use, what strategy we will use to solve, how we will justify, why you think this is the answer,
and other questions like those. The Clarifier will address confusing parts and attempt to answer
the questions that were just posed. The summarizer will justify the answer and explain the
process to get the answer.
Science: Teachers can use this strategy to discuss the scientific method, experiments, or
most topics. If using this strategy for an experiment the predictor will predict the outcome
(make a hypothesis). The questioner can ask question such as what how did we measure that,
how much did we add, why we did that, etc. The Clarifier will address confusing parts and
attempt to answer the questions that were asked by the questioner. The summarizer will justify
the answer and explain the process to get the answer at the end of the experiment. In this
example student would have the same job the whole lesson and would switch next time they
did an experiment.
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To successfully use this strategy, teachers should aim to work with students in smaller
groups, ensuring that every class member is actively involved and willing to participate. This is
particularly important for quieter students who may find it hard to speak in front of the whole
class. Students need time to learn and practice the key strategies behind reciprocal teaching;
giving them clear roles as summarisers, clarifiers, predictors or questioners will help them to
stay engaged. When they read a set text or discuss a particular challenge, they can adopt their
roles in breaking down the problems and gaining a collective understanding.
What’s the value of reciprocal teaching?
It’s well known that traditional and passive teaching methods do not suit the learning styles
of many students who need a more interactive approach. This can cause frustration and low
confidence levels in students and makes the teaching process more challenging for teachers.
Reciprocal teaching, however, shows faith and confidence in the students’ abilities by enabling
them to own the topics under discussion. By asking the students to assume the role of leader,
the students must work together to understand the text. In doing so, students’ own
comprehension and knowledge retention is significantly improved. Reciprocal teaching also
gives students the chance to build longer-term skills and experience. Students gain confidence
from assuming the role of teacher and learning the four key strategies which lead to
comprehension. Pupils also learn leadership, teamwork, negotiation, listening and collaborative
skills; all of which are essential for a successful career later in life. With reciprocal teaching, even
the quietest pupils can become active learners and feel a valued part of their class. Students can
also use their new-found skills to overcome future learning challenges too. In his renowned
book “Visible Learning”, John Hattie recognised the strong correlation between knowledge
retention and reciprocal teaching. Hattie ranked reciprocal teaching as number three in the top
49 most effective teaching strategies. As a leading voice in global educational development, this
is a strong endorsement for the power of reciprocal teaching.
How this classroom strategy benefits teachers?
Reciprocal teaching creates a strong platform for students to collaborate openly with
teachers and discuss the best ways to understand the group text. Teachers, who are open to
new ideas and enjoy using educational videos or case studies to aid comprehension, will find
reciprocal teaching a hugely beneficial and rewarding approach. Reciprocal teaching is an
exciting process where teachers can see their pupils overcoming challenges themselves and
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growing in confidence at every stage. The quote below, taken from Brown and Palincsar’s
comprehensive report on reciprocal teaching, shows how important this approach is so that
teachers can identify students’ level of understanding: “The reciprocal teaching routines force
the students to respond, even if the level of which they are capable is not yet that of an expert.
But because the students do respond, the teacher has an opportunity to gauge their
competence and provide appropriate feedback. In this way, the procedure provides an
opportunity for the students to make overt their level of competence, a level that in many
procedures is masked by students' tendency not to respond until they approach full
competence." Reciprocal teaching has greatly enhanced literacy comprehension, reading skills
and higher thinking skills for students worldwide. It is a forward-thinking classroom strategy that
places trust and confidence in our youngest generations and, in doing so, helps them to reach
their full potential.
Several reasons why teachers should choose reciprocal teaching as an appropriate
instructional approach to help students comprehend difficult text:
 Because of its emphasis on reading comprehension – particularly in the short term.
 Ease of use and flexibility with various teaching styles and formats.
 Helps novice readers learn and internalize the strategies excellent readers employ
as the novices are practicing and developing the skills required to comprehend and
learn.
 Reciprocal teaching provided numerous options for teaching and reinforcing the
strategies.
 Reciprocal teaching is easily understood and mastered by both teachers and
students, regardless of the level of training in reading research and applications.
Reciprocal teaching is easily taught to parents.
 Reciprocal teaching parallels the new definition of reading that describes the
process of reading an interactive one, in which readers interact with the text as their
prior experience is activated. Unlike elementary school, most middle school
students do not have only one teacher who instructs in all areas and must adjust to
the different teaching styles. Reciprocal teaching allows the students to monitor
their progress and assume the ultimate responsibility for their learning from the text
regardless of the content covered in a particular class. This method allows students
to take ownership over their reading and learning. By gaining control of their
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learning while they read, students also have the potential to become better
selfregulators of their reading. Reciprocal teaching drastically improves the quality
of classroom discussions since all students are able and expected to participate and
provide input and thought into the group dialogue. When combined with the use of
reading journals and writing prompts, Reciprocal teaching has also been shown to
be very effective in helping students to become more proficient writers.
REFERENCES:
1. Handout reiciprocal_teaching. Reciprocal Teaching. Comprehension and Learning
Strategy. Before, During & After Reading Comprehension Strategy.pdf- National
Behaviour Support Service (NBSS) Navan Education Centre, Athlumney, Navan Co.
Meath
2. http://englishcohr.global2.vic.edu.au/2016/05/31/reciprocal-reading/
3. http://serpmedia.org/rtls/reciprocal.html
4. http://www.bbcactive.com/BBCActiveIdeasandResources/ReciprocalTeachingPromo
teInteractiveLearning.aspx
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CHAPTER 7: Arts integration in science teaching and learning
Author: Andrea Anzanello, Pixel Associazione
The main goals of education is to create people who are capable of doing things being
creative and inventive and not just repeat what others have done. Moreover, education
endeavours to form people that do not accept everything they are offered but that can be
critical and want to verify what
they learn.
According

to

the

Common Core State Standards,
knowledge itself is obsolete and
students should be prepared in
order to be able to create and
innovate,

communicate,

collaborate, and think critically
to solve problems. In order to
succeed

in

the

world

of

nowadays, students will need
skills

sets

beyond

those

required in the past. The mere
class being organised in a “sit
and get knowledge” is not
required anymore and does not
allow them to develop the
required skills of nowadays.
Generally speaking, arts
integration is an approach to teaching in which students engage in a creative process connecting
an art form with another subject area and developing achievements in both. When it comes to
science, people sometimes do not see it as something connected to creativity, even though the
latter is intrinsically tied to the nature of science itself and among scientists there is a general
thought that consider scientific knowledge as the product of creative thinking.
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Moreover, the image of the lone scientist who finds solutions on his own is rare
nowadays, indeed the interaction among scientists is crucial for the creation of knowledge,
therefore it is deemed that creativity emerges from the interaction among scientists. If we look
at the past, the history of science is more connected to arts than it is thought, considering that
imagination and inspiration are shared by both scientists and artists, especially when it comes to
aesthetic where at the moment of creation the boundaries of science and art cease to exist and
aesthetic plays a central role.
Comparing scientific and artistic creativity, the former is the result of a deliberative
cognitive function since it requires sustained attention and focus on an idea or a problem, while
the latter concerns spontaneous and emotional functioning. Comparing the two is important
especially from an educational point of view, since they are connected in different ways at a
creative level, but at the same time art is more imaginary and in science logic is always a
complement to imagination. This could bring to associate to scientific creativity imaginative and
logical thinking, and these two concepts are very important when approaching scientific
creativity in the context of school science and science education, since it can provide the
potential and the rationale for designing activities which leads to the promotion of creativity in
science education.
In relation with the aforementioned concepts, some educator have already started to
add an “A” to the acronym STEM (Science, technology, engineering and mathematics) creating
the new acronym STEAM (Science, technology, engineering, arts, mathematics).

The importance of the arts in education
Arts integration is centred on using arts techniques and
activities to teach non-arts subjects or integrating other
subjects in the arts curriculum. According to the research
on this field, arts integration is particularly important to a
huge number of educators since it represents a
fundamental element that increases and cherishes
students’ engagement, critical thinking skills and creative
response. Developing the integration of arts in the

http://goscience.com

102

GOSCIENCE 2017-1-BG01-KA201-036209
curriculum, a culture which is based on critical reflection and innovative approaches can be
developed for teaching and learning while creating a sense of community among faculty, staff
and students.
According to the Glossary of Education Reform, students’ engagement consists in “the
degree of attention, curiosity, interest, optimism and passion that students show when they are
learning or being taught, which extends to the level of motivation they have to learn and
progress in their education”. At the Oklahoma City University, a programme concerning arts
integration has been carried out in order to study the results in the learning approach of
students in different subjects. Students were asked to develop personal creative projects
instead of focusing on mere memorisation, recognising in this way the effectiveness of the
active and creative learning environments and the new pedagogical changes to their curriculum
which enhanced their learning experiences. This example shows how important is that teachers
provide to students an innovative and desired curriculum and that an opposite situation could
bring a loss of funding and hours, especially in those classes of low income, minorities and atrisk students. This highlights how arts integration in schools can create a stronger sense of
community, creativity and engagement.
Moreover, arts integration in non-arts based subjects, besides offering to students an
enriched and valuable learning experience, allows students to improve their imagination and to
think critically during their class’s learning objectives thanks to their developed works of arts.
Arts integration provides students the possibilities to analyse and critique artwork while
discovering their own world, developing their presentations and creative projects that allow
them to improve their analysing, synthetizing and evaluating abilities. When exposed to arts,
students present high level of thinking skills being able to evaluate and connect contents to real
world issues and learn from mistakes, make critical judgements and to justify such judgements
as well.
Arts teaching in this manner can be a real element which helps students to be more
creative and express themselves. In order to do so, arts should be taught through specific
techniques or habits that help people think differently focusing on creative processes that helps
students in developing their creativity. In addition, both students and teachers need to be risktakers, allowing their teaching and learning activities to be self-directed given that this is where
creative self-expression can be supported and valued.
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Arts and science education
When it comes to science learning one problem
that often appears in class concerns the fact that
the openness and freedom utilised in real science
is difficult to achieve during science classroom
since teachers usually frame students’ inquiries by
facilitating giving what the latter need for the
investigation. In schools, creativity is still not used
that much compared to what a student should in
order to approach a science issue. This depends
also from the fact that creativity is embedded in content knowledge, and when it comes to
science contents teachers should be capable to allow students to learn but without impeding
their creativity. To face this problem, there are several manners with which science education
fosters and enhances students’ attitudes and skills so that whatever their creativity is, it
happens to be more effectively if converted into achievement and accomplishment. First of all,
to foster creativity, one should have a strong science content knowledge and in order to do so
students should be as much knowledgeable in science as possible. Secondly, since creativity in
science education is about imaginative thinking, encouraging creativity in the school context
means does it in a non-judgemental environment. Moreover, an important place has to be given
to imagery and visualisation in science education and lastly students need to have the
opportunities to interact in a social setting while thinking imaginatively and in different ways.
With this said, the main tasks for teachers is to provide students with an environment that
allows them to use freely their creativity. In order to do so there are some activities which help
students’ creativity in science education classes:
•

Creative problem solving (e.g. the fate of the earth after the disappearance

of the sun)
•

Problem solving in science, technology and society context (e.g. how

technology might affect the environment in the future)
•

Creative writing (e.g. for a novel: a day without gravity)

•

Creative science inquiry (e.g. ways to heat water in the absence of metal

containers)
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•

Creative analogies to understand phenomena and ideas (e.g. the

phenomenon of resonance)
•

Challenging students to find connections among apparently unrelated facts

and ideas (e.g. what would be a connection between Newton’s laws, a nurse and a
soccer player?)
•

Mystery solving (e.g. detective work in order to explain the disappearance of

something, like a certain volume of liquid, to find something that is missing, like a beam
of light, to find connection between seemingly unrelated ideas, as in the case between a
thief, the police and the speed of light)
•

Approaching the teaching and learning of science through the arts (e.g.

using photography and making a collage to present the results of a study of a topic such
as the effect of modern technology on everyday life)
When it comes to arts applied to science education open-inquiry is considered the most
effective and used way to foster creativity. Engaging students in this classroom approach could
help to build new concepts while developing creative thinking abilities and attitudes. Among all
the different open-inquiry processes that can be developed during science classes, hypothesismaking is considered the most effective approach to create connection between prior
knowledge and experiences while at the same time allows to practice scientific investigation
followed by creativity enhancement.
Another effective approach which helps the enhancement of creativity in science
education is the usage of creative writing. This path leads to the development of new ideas
while personal analogies help to foster imagination giving to students a better understanding
and new perspectives to science processes. Considered these aspects, creative writing can be an
effective strategy that allows the development of students’ imagination, creative thinking and
understanding of science concepts.
Besides the previous two approaches relate to arts applied in science education,
researchers sustain that creative problem solving is another common and fruitful strategy to
foster creativity in science courses. This approach gives students the opportunity to face openended problems or tasks which requires creative solutions. This model consists of six stages, i.e.
mess-finding, data-finding, problem-finding, idea-finding, solution-finding and acceptancefinding. In every step students need to intertwine the ability of finding many ideas, a process
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called divergent thinking, with the ability of analysing ideas and making choices, known as
convergent thinking. Studies on creative problem solving have shown that students can reach
different degrees of success in science education.
Pedagogical effects of arts integration in science education
As some researcher sustain, the inclusion of the arts in science curricula should also be
based on pedagogical reasons, since the arts offer the possibilities for immersion, prolonged
creativity and change of perception. The first two are needed in order to address the main
problem of science teaching, namely engaging students helping them find their motivation; the
last one regards the importance of changing outlook as an important element of teaching in
general and science in particular. Usually, mere data are perceived less persuasive than arts
which have the power to involve and charge emotionally students; researchers have shown that
scientific facts about the Earth are considered more appealing when are presented by photos or
collages or even dramatized by student themselves.
Specifically the inclusion of the arts in science teaching is considered fruitful from a
pedagogical perspective since it can foster different aspects of learning, such as:

Engagement

Arts activities foster engagement
because they provide opportunities for
immersion experiences

Creativity

Art activities offer opportunities for
prolonged creativity

Beauty

Art activities offer opportunities for
students to approach the aesthetic elements.

Identity building

Arts activities help students to explore
oneself deeply.

Self-actualisation

Art activities, through self-directed
learning and self-expression provides
opportunities for self-actualization.

Cognitive skills

Art activities offer excellent
opportunities for observation and other
scientific skills.
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Risk taking

Art activities encourage improvisation
and experimentation in a non-threatening
environment.

Retention

Arts integration improves long-term
memory.

Brain growth

Art activities facilitate the creation of
neural pathways and the development of
stronger synapses.

Fine motor skills

Art activities help very young children
build the same skills that they use in writing.

Learning styles

Art activities can offer opportunities
for auditory and visual learners.

Multiple intelligences

Art activities offer opportunities for
stimulating and exercising a variety of
intelligences.

Self-expression

Art activities can help students express
not only their thoughts, but also their
imagination and their feelings.

Change of perspective

Art activities, by encouraging a more
focused way of seeing reality, through focusing
on detail, can facilitate a change in students’
perspective/outlook on the world in general.

Using the arts in science education is surely a process that is not easy and most of the
times appear to be quite challenging. Indeed, in order for the teacher to decide the most
adequate art form, he or she needs to take into consideration different aspects, such as the age
of students, school grade, the availability of materials and the target group concepts. There are
different manners to connect the arts with scientific concepts, for instance computer technology
can be a good tool utilised by both students and teachers since it gives to the former the
possibility to develop multiple form of representation. Students can also study the lives of the
great scientists while developing a script for a play in which they can dramatize important
events from the lives and works of the studied scientist. In this way students have the
opportunity to learn the nature of science in general as well as specific science content
knowledge. The dramatization of historical events allows students to learn also about the
controversies, historical experiments and contemporary socio-scientific issues.
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Arts integration and disadvantaged people
Research on the integration of arts methodologies in science education has begun to
show positive results also in contexts with disadvantaged people and how these approaches can
impact the latter.
It is possible to promote learning through and with the arts with four styles of
integrating them in classroom:
•

Subservient integration approach: when teachers utilise the subservient

integration approach, it means that they are drawing on arts as fillers for a specific
aspect of their teaching curriculum.
•

Co-equal cognitive integration approach: this method aims at merging arts

standards with core curricula in order to create connection and differentiate the process
and products of learning.
•

Effective integration approach: in this approach arts are used as a

complement to the curriculum, e.g. reaction to music or arts as a self-expression.
•

Social integration approach: this approach has as main objective the

involvement of parental participation through school plays or other performances.
The co-equal cognitive approach is well appreciated when students need to utilise
different thinking skills while arts are integrated with other aspects of the teaching curriculum.
Different researchers have shown that Universal Design for Learning guidelines (UDL) have been
accepted by different institutions and are considered to be natural partners with arts. This
interconnection comes from different aspects regarding education which can be found in both
arts and UDL, such as providing multiple means of representation, multiple means of
engagement and multiple means of action and expression. Moreover, arts integration is
considered natural engaging since students have opportunities to make individual choices,
autonomy and self-regulation through collaborative learning with peers. As previously
addressed, through arts integrated learning, students are engaged in a creative process which is
considered a universal way to learn. Indeed, students through different steps imagine, examine
and perceive; explore and experiment; create; reflect, asses and revise; and share their outputs
with others. They do this while being in an ongoing reflection and self-assessment with their
peers and teachers.
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If we look at different countries, in Japan, the Netherlands and Hungary there is a strong
association with the involvement of arts in other subjects and specifically in science education.
Moreover, studies on the effects of the integration of arts in education on
disadvantaged people have been carried out. In these investigations, disadvantaged students
were considered as people with disabilities, economically disadvantaged and learner of the
mother tongue of the country (the majority of them were English language learner since most of
these studies have been conducted in the USA). Researchers have found that students engaged
in arts-integrated instruction develop metacognition which affects influences their cognitive
skills, content knowledge, perseverance and self-efficacy in a bi-directionally way. According the
social cognitive theory elaborated by Bandura, learning activity is interactional within and across
different domains of thinking and knowledge and it is influenced by personal, environmental
and behavioural variables.
Another important finding regards three dimensions or recognition:
•

Love and friendship

•

Rights

•

Solidarity

All these forms of recognition come from preliminary relationships, legal relations and
communities of values and provide emotional support, cognitive respect and social esteem
toward the others. Arts integration seems to provide these three forms of recognition creating
in this manner an environment that facilitates high self-efficacy in students. Hence, students
who enhanced their emotional abilities are more inclined to show self-regulation abilities such
as goal-setting, self-monitoring, self-evaluation and learning strategies. Students who
demonstrate multiple means of representation, multiple means of engagement and multiple
means of action will draw on these behaviours in arts integrated learning experiences, hence
receiving recognition within their community because they are contributing in a positive way. In
this manner students will select more challenging activities and work demand more learning
efforts, increasing their academic achievement.
These results highlight one of the most important challenges of the 21st century, namely
the possibility for disadvantage students to access a high quality education, fixing this
educational gap through arts integration in education.
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STEAM lesson
There is not a typical STEAM lesson, since its management can change depending on the
grade, the subject and also the professor and the students. An example can be drawn by the
TAP teaching method; a STEAM class could begin with ten minutes of warming up with students
stretching up their bodies while they review the previous lesson and get some introduction
concerning new concepts they will study on that day. After this introductory part, new
vocabulary words are introduced and new material is presented while at the same time students
get a demonstration of the activity of the day; this second part can last about twenty minutes.
The third part is a more practical one, where students are engaged in problem solving activities
applying the new knowledge the apprehended in the previous part. In this section the teacher
gives feedbacks to students so that they can enhance their knowledge. These activities can last
around fifteen minutes. In the final step of a STEAM lesson the teacher carries out a debriefing
of the whole lesson evaluating the progresses that the students have accomplished.
With this framework of a STEAM lesson it can be easily understood that scientific
knowledge can go along with humanistic and collaboration methods in order to learn STEM
subjects. Visualization can be a good practical example if applied to what said above. Visual art
lesson it is a useful way of helping students to learn about natural objects with the goal of
improving their observation skills. When students are asked to sketch the concepts there are
trying to learn while using scientific kits help them to work closely and to keep track of their
learning path. Draws made by students are an important tool for teachers because they can
understand the misconception students have concerning a particular lesson and try to solve
them in the beginning of the next lesson while revising it through a warming up session.
The language plays an important role in STEAM classes too. Understanding the academic
language of science subjects represents a big challenge for students since it is a specific
language which utilise complex words and most of the time interfere with students’ learning. In
this matter, drama activities are one of the best ways to involve students in science education.
Through role-play they can understand and explore how scientists carry out research, describe
their findings and create connection between science and daily life.
According to teachers, creative movement activities like dance represent one of the
most useful tools for students in order to get scientific knowledge of concepts that cannot be
easily observed. Indeed, this particular methodology helps students in two specific manners: it
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allows students to actively focus on the lesson and helps them to transform the conceptual
information offered by science lesson to personal experience.
Examples of arts form
Another important aspect regards the feasibility to present all the scientific concepts
through the arts form. Researchers sustain that this question has generally a positive answer,
but the selected scientific concepts need to be set inside, e.g. the motion of sea waves in the
case of energy. This means that if we want to easily adapt a scientific concept with the arts form
teachers and students need to select phenomena and situations which can exemplify
aesthetically the involve concepts.
Among all the different arts form, some of them are more advisable in order to give
students pedagogical tools and results. Visual arts, such as photography, painting and drawing,
is one of the best arts form to be include in science teaching. These types of art allow students
to understand and develop their awareness concerning the beauty of natural entities and
phenomena. Typical examples are the pictures representing water drops or snow-flakes.
Other two form of art that
effect positively the study of science
are dance and storytelling. The
former together with music is a
perfect tool in order to represent a
scientific concept or phenomenon.
Storytelling instead is considered as
a good facilitator of the integration
between arts form and science
teaching since it helps students to
go through a whole process of a
scientific concept or a natural event.
However, researchers have found that poetry is a highly appreciated form of art used
that can be applied to science education, since it involves two domains that are usually
forgotten in science classes, namely affective domain and creativity.
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Dance
A practical example concerns the topic of what it takes in order turn on an electric bulb,
so that students can learn scientific concepts related to magnetism and electricity through
dance. During the warming up session students need to revise the concept of last lesson
regarding the role of electrons and they do so while dancing in line to recreate the path the
electrons take in a D-Cell battery, so moving out of the negative pole, then moving along a wire
toward the positive pole where they re-entered the D-Cell. A student needs to play the role of
the switch, placing himself between the line and the positive pole, so that the imaginary bulb
could turn on and off. The students need also to learn a short charm or sentence in order to
“switch on and off” the electricity flow, so that students who play the role of the electrons know
when to keep moving and when to stop.
Once the students understand what to do, the person who plays the switch is removed
and the teacher asks them to create a model of a one-wire circuit that use a battery to light a
bulb using creative movement. At this point, when student start to ask questions on how to do
this activity while speaking among them finding solutions, the teacher can consider the topic as
understood by the class and can move on with more difficult activities in order to allow students
to get more knowledge about the topic by asking how they can create a circuit that include two
wires and a switch, opening in this way another discussion among students.
After this activities the teacher can go further by making the students apply the
acquired concepts in a new and different way, for example by converting electricity, instead into
light, into motion by creating a motor. At this point a new discussion starts among student
regarding how to the different parts of a motor and the teacher divide them into groups to
represent the battery, the motor and the switch, so that they could find an artistic way to
represent the task.
Poetry
Poetry helps students to develop abilities, such as imagery, metaphor, analogy and
communication, which are very important both in general science and science education. When
a student tries to write a poem both his previous knowledge and science knowledge need to
come into play in order to illustrate science concepts and phenomena. With this said, poetry can
be used in different manners and moments during science teaching, for instance a teacher could
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draw on poetry at the beginning of the lesson as an introduction of what he or she would like to
explain. It could be used also as a culminating activity in order to motivate the verbal and
linguistic activities of the students or as an assignment in which students have to show what
they have learned during a specific lesson.
All these positive aspects of poetry help to intensify the meaning of science content.
Since many scientific concepts are abstract, scientists draw on metaphors and create models to
help people to understand and conceptualise knowledge. This is doable because science,
likewise poetry, needs a metaphorical language to be implemented.
According to researchers poems are not just written to communicate information, but
they expand humans’ sense and perception of life and wide and sharpen the connection with
the world. Taken this into account, making connections to concepts and experiences is very
important for science teaching and science teachers should provide connection to other
experiences in order to gain positive results in science learning. Integrating poetry in a science
teaching curriculum can expand the learning outcomes in many ways. Robert Yager sustains that
there are six domains of science education: concepts, process skills, creativity, affective skills,
applications, and the world view. Poetry applied to science can help the development of two of
the six domains, namely creativity and affective skills. Concerning the former, poetry
composition involves visualising and producing mental images, combining ideas in new ways and
communication of information. Moreover, poetry helps students to develop positive attitudes
towards science, to explore human emotions and develop sensitivity for the others, which are
elements regarding affective skills.
Poetry and science are often described as two opposite element, the first one
emotional, creative and eloquent and the other one impersonal and rational. Different
researchers have studied this problem and developed three categories based on the poems
teachers wrote: some poems were profound verse; others were more amusing and frolicsome;
and some other emphasised imagination and emotion. The results regarded the fact that
teachers wished that through poetry students might deal with a conceptual change and
restructuring of ideas that bring them to face life in several ways.
Furthermore, creative writing helps students with problem-solving skills. In fact,
students with problem-solving attitude usually have willingness and confidence to take on
different problems accounting for different perspectives for complex tasks.
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An experiment was carried out in the United States in order for students in a ninth
grade class to become knowledgeable about a topic of a science class. To do so, students chose
a topic to develop in the form of poem and teachers provided quality poetry models. After they
wrote the poem, several questions were asked to students, such as what they learned, the most
difficult aspect to write a poem, the most satisfying part of the project, what they learned about
themselves during the process and if the perception of earth science had changed after this
activity. Generally, students reacted positively to this activity, sustaining that they discovered
other way of learning and that education does not need to be boring. Moreover, they sustain
that poetry can help to understand things better and that “doing research” on a particular
matter, such as minerals in this case, can be interesting and motivating. Another positive
observation made by students regards the ability to accomplish a task while giving information
to other people in a non-common way. Teacher, on the other side, described this experience
positively and encouraging since the majority of students felt involved towards science teaching
through poetry.
Conclusion
STEAM classes show a high effectiveness if used as complementary of science classes.
Indeed it is shown that after theoretical activities related to science subjects, students still have
troubles remembering and acquiring difficult topics with their vocabulary and concepts. In this
manner STEAM classes give students two important features: the possibility to apprehend the
arts, which otherwise they would not learn, and experience science concepts and vocabulary
with a new perspective which is more engaging for them.
Generally teachers when interviewed by researchers give positive feedbacks on science
teaching through arts methodologies. Students get plenty of learning and personal benefits
when they are given a “double dose” of science class; first by teaching science concepts and
vocabulary during a common lesson and then by reviewing those topics through arts-based
lesson.
This contributes to the fact that the arts are not just independent disciplines but tools to
depict and understand the “outside” world. Like children learn how to count before going
officially to school, students can learn the arts before having them taught in class. Unfortunately
nowadays, the arts are still considered as something personal rather than a broad connection
among different disciplines, but it has been shown that through arts students become more
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engaged in school and especially in scientific subject, overriding the simple good mark in a test
and getting interesting in understanding and acquiring knowledge about science and real life
phenomena.
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CHAPTER 8: Reverse thinking for enhancing comprehension in sciences
Authors: Romans Vitkovskis, Uldis Heidingers, Latvian Education Foundation

The fact that students tend to
somewhat ignore the STEM subjects
can be linked to their belief that the
knowledge given in school on these
subjects are hopelessly out of date,
useless in everyday practice, and
therefore they lack motivation. This
belief gets even stronger since the
internet is full with answers and
ready-made solutions to handle all
the questions viewed during the
study process. Comprehension of
the subject and other things become insignificant if the subject itself is considered useless.
For the subject no to be absolutely rejected, each course should include the basic
philosophy of it, structure and the themes currently viewed in the field as well as the necessary
minimum to start getting acquainted with the topicalities of the subject. It is obvious that in a
STEM subject (the study courses of STEM subjects have less or almost enough information to
start getting acquainted with the topicalities) important is the comprehension. If it lacks, the
student starts to dislike and reject the subject. This is also true in everyday life when
encountering new concepts, relations, engineer technical solutions etc. new things. Therefore,
alongside building motivation, means of gaining comprehension must be found and knowledge
must be used not only in the field of the given subject. For this purpose useful is the reverse
thinking as it has been described here. If someone has the ability to reduce matters of a subject
to fit other things of other persons or things previously known to him, it is an example of only
restricted reverse thinking. If the person has the ability to do so unintentionally in any situation,
it can be called reverse thinking as we understand it.
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Practice of creation and usage of the models in a given subject + models in other
subjects and demonstration how this approach is used universally and intentionally, showing
that this approach lets you understand a lot of new things, gradually habituates to unintentional
use the models and helps to “understand the idea”, finally leading to subconscious use of the
models. Reverse thinking is one of phenomenons typical to the human brain and, as the 8 year
long practice shows (www.goerudio.com [5]), is actually possible. Students are able to create
models that answer the question “why”, but the created model basis allows inventing or rediscovering the same thing again. This already is an experimental result and is available in the
public spacewww.goerudio.com, showing the student models for STEM subject topics.

Reverse thinking and how to recognize it
Reversible/reverse processes is
a particular category because it
is impossible to reverse some
processes, e.g. turn a roasted
duck back into a living duck, but
steam can condense and turn
back into liquid water. Usually,
with

reverse

action

only

approximate result is possible,
because there can be objects
that might not have taken part
in the direct process, e.g., when
integrating a function one cannot be sure if it is a derived function.
Scientific discoveries and engineer technical solutions often are made thanks to the ability to
see similarities in different areas and combine them, and they will include not only experimental
data, but also thing created by other people. In order to do this, one must understand the
results reached by others. If the aim is to create something new, one must be able to quickly
understand things (concepts and connections) in other areas, how they were discovered and
why they do not work in some other way. Reverse thinking as described in this paper is the
ability to use ideas of one area in another on everyday level. It can be observed when looking
http://goscience.com

117

GOSCIENCE 2017-1-BG01-KA201-036209
how a person is capable to explain (mainly to himself) things with models, i.e. matters from one
given area as a part of another area. If one is capable of this not only in a professional area, but
also in everyday life, he uses reverse thinking. If the person is capable of this only in a
professional area, he uses restricted reverse thinking. One example of this could be an auto
mechanic who is able to use a model and explain how a car suspension works, but we can see
that he is not able to find a model that would explain how his washing machine works. If he had
reverse thinking, he could use a model to explain how his washing machine works as well as why
his relationship with wife is getting weaker. Reverse thinking can only be recognised if the
person is able to create models practically in all situations in every area of his life.
Need for Reverse Thinking
Not very long ago the skills and knowledge acquired in school and university was still
useful for many years. Right now both the skills and knowledge obtained through the learning
process are out of date and useless in the labor market. We must either be able to justify the
reasons for teaching all this or give up and declare it nonsense. The same is true with many
trade subjects taught in school as from the moment the child enters the school all the
equipment is already dated. In the outcome, the knowledge acquired thorough the learning
process will be of no practical use.

If we consider the knowledge to be information &

comprehension, everything can be fixed by changing the emphasis in the learning process.
During the learning process, comprehension and a way of gaining it by the use of models that
have proved to be effective should be taught, as well as the reverse thinking with the use of
models. Education does not have to provide knowledge on specific things, rather than teach
how to gain new knowledge. It should teach how to learn. Here the model method and the
reverse thinking becomes one of the best ways of learning.
European Union project GoScience is one of the first steps to introduce the desire to
learn something new in order for the students to feel more comfortable in everyday situations.
The main focus of the GoScience project - comprehension is no miracle cure, but serves good
enough for every student to feel comfortable in a given area. Life quality can be measured by
how comfortable we feel, and it affects all students. If the student feels comfortable, there are
not and never will be problems with comprehending STEM or any other subjects. The
knowledge is only valid until new knowledge takes its place by undermining, substantially
extending or rearranging it. This is a constant process of which we can see only the results.
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Reverse thinking as we understand it roots the students’ attitude to things, that is, the
ability to learn in the current world governs the students’ capability to live in it. If one is able to
find similarities between things he knows and things he does not know (see a model) there will
be no urge to reject the new thing as strange and unfamiliar.
This approach can significantly accelerate the process of learning new things if founded in the
forming of student’s perception. Otherwise the student should perform a sequence of
observations in order to understand the matter (concept or connection).

In the case of

similarities or analogies one can substitute the needed observations with ones done previously
when there was the need to form concepts of the given similarities or analogies, therefore
accelerating the process of comprehension. So with the use of models and reverse thinking we
can hypothetically reduce the time needed to understand new things. Only hypothetically
because there might be a situation where the student does not have an applicable area where
to interpret the new object, but the practice confirms that usually this works in many cases.
Reverse thinking happens in the level of
images, but verbal thinking requires a fixed
pattern, reducing its effectivity. Without
reverse thinking a student has smaller
amount of available and well understood
things than with it. Normally almost all of us
use reverse thinking very often, but, if this
ability is not specifically trained, it is not
used when encountering new things because
it seems to be too complicated.
In the education process, the biggest
mistake is to teach every subject separately
not demonstrating its connection with other
subjects. Connection with the world one is
familiar with in order to help understand new things can be formed with the help of models, but
in a way it could limit one’s thinking, because forms connection with only the given subject - this
is restricted reverse thinking. In order to substantially widen the scope of the students they
must learn to do this in various subjects as well as outside the school environment, practically
train the ability to grasp new things - use reverse thinking.
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Reverse Thinking and Fantasy/Creativity
Finding a model in some cases to use in another area not always indicates reverse
thinking. Every new discovery, every engineer technical solution, every idea and result
formalised in a corresponding theory is done on the basis of the author’s inner model which is
an individual thing to each of us, but definitely connected with the area we are most familiar
with, where we feel most comfortable and have the feeling that everything follows a natural
pattern and cannot happen differently. Almost nobody thinks in formulas, but the inner model
changes depending on the formulas.

A typical case of experimental science - we have

experimental data that shows how a process happens out of which we have to draw a
conclusion why this happens exactly like that - we must build our inner model which will be
adjusted, formalized later on.

Reverse thinking, as we see it, is to
permanently create a model for each new
thing, which makes us think that the things
done

by

the

author

could

be

created/formalized by us again if we used our
model. All this, of course, is true only with
things invented or discovered by humans and
formalized or formed into material objects.

So, reverse thinking in the sense of this paper is a permanent ability to subconsciously
form inner models that can lead to a similar result as the previous author has reached. Each
object that has its model (in the given area) can be added to those objects that can be further
used in order to form new models. Each new model adds to the base of creative resources.
Reverse thinking is an expression of fantasy because it leads to finding/building analogous or
similar objects. Further solving this process, an individual can be guided by the data of the
experiment or create an artificial field in imagination / fantasy, for which a model is created and
naturalism found - a new theory or invention. New concepts arise from new observations, but
those each individual can create in his imagination from sets of existing concepts, by combining
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them in different combinations and doing different observations in imagination in this new
environment. Reverse thinking eliminates the barriers between different fields and allows to
work freely with concepts from different fields that allow the mixing of different objects in
strange designs that create new objects for new observations in imagination that can create
new concepts that can be the basis of new discoveries. Mathematics and a number of other
sciences were created on this basis. Practically reverse thinking is a game of sub consciousness,
which is trained consciously by creating patterns for things.

The results obtained on the basis of these assumptions
At the beginning of the joint experiment between the Latvian Education Fund and the
Riga English Gymnasium, limited reverse thinking was localized to the comprehension of a
specific topic in the educational process for high school. This was due to the fact that the need
for reverse thinking was not yet identified and there was a need to provide knowledge as
information and comprehension within a particular school and to offer it to the education
system. 4 average 10th grade students of Riga English Gymnasium created models in accordance
with the LR study standard for all subjects from grades 10 to 12 in four subjects - mathematics,
biology, chemistry and physics. This process was led by teachers specially trained in using
models. Students created at least 75% of the models without the help of teachers even for the
subjects they had not mastered. Leading teachers have been rewarded with the Latvian
Innovation Award for Education in 2011 for this training material, which has been available for 9
years at www.goerudio.com, and this material has been further enhanced by student-based
models.
A scandalous result, since everything was created by those who haven't even studied
that yet; so why do we have to spend so much time at school? This experiment shows that
limited reverse thinking works in the context of specific topics. These students, who made the
starting model base at goerudio.com, later admitted that they are still creating their own inner
models without knowing it, and they feel comfortable when the task is successful. It is
debatable, because the experiment was conducted in one school, and the results are not
accurately documented. Next the EU project „Goerudio” was implemented to find out why
students don't want to learn science subjects and how to better present them; the model
method was chosen as the most usable, because it provided a comprehension. A new EU project
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called GoScience has now been launched, which is starting to expand the use of the modeling
method. Reverse thinking was added as an additional contribution to the GoScience project, as
it was needed to motivate especially talented students and make them busier with work within
the project.

Reverse Thinking and Recognition
It's important to recognize things because reading a piece of instruction, a scientific or
popular science article, or encountering a new gadget or other new technology solution,
without knowing the things that matter, we do not understand what is being discussed. Known
+ known + unknown + known + ... = unknown. Reverse thinking allows you to automatically
involve as many fields as possible in the subconscious level of recognition process; the
recognition process is accelerated and verified by the models of these fields, because the usual
amount of observations is replaced by past observations, which can reduce the recognizable
thing by means of models of already known things.

Reverse Thinking and Comprehension
Reverse thinking is generally based on comprehension; if there is no comprehension,
then there is no reverse thinking. Comprehension in the learning process is not a simple task, as
it is often unclear whether the confident explanation of a student is a previously learned or
borrowed and modified text. This simplified approach is often met by teachers and trainers.
Also, comprehension cannot be shown by confidently solving math problems and tasks in other
subjects, as they can be solved by learning some schemes and modification techniques that do
not show comprehension, but rather excellent learning skills. Comprehension can really be
detected if an individual can find analogues and similarities (models) in other areas of the topic /
subject. Comprehension in certain areas also does not give a full picture of things. There are
qualitative characteristics that, for example, are quantifiable and have a number of other
characteristics, but comprehension answers to the question "why?". Similarly, models that show
whether it has been understood or not, answer the question "why?". A realistic continuous flow
of comprehension can be obtained when models are created intuitively for everything that is
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coming, and it is concluded - known or not. Without comprehension there is no reverse thinking,
but without a reversed approach it is hard to gain comprehension.
Reverse thinking is not an innovation, but we have purposefully specified it in our own
way. First of all, it is about each student's fantasy - each thing is reduced to a well known field
where the student has an intuitive and precise idea of a thing in a well known field to him - a
model that is intuitively natural to the student is then found or created - which is not a surprise,
since everything is familiar and therefore natural. The comprehension of naturalness is
comparable to the feeling of comfort, which signals that we see, know and expect everything
and there will be no surprises. This means that the student will feel protected, since he/she is
not involved with anything unnatural. Otherwise, if the model is not found, there is discomfort I do not know/ do not comprehend. There are three solutions to the don’t know/ don’t
comprehend situation:
1. Don’t know/ don’t comprehend and cancel.
2. Don’t know/ don’t comprehend and search what to do with it next.
3. Don’t know/ don’t comprehend and search for enemies.
“Don’t know/ don’t comprehend” situation often occur in each student's space, but only
few have the ability to deal with such situations unless they have the ability of reverse thinking.
After that, a student with reverse thinking will be inevitably in the position of a scientist and will
want to satisfy his intuition's demand for an answer, why this situation is happening in general,
and so on. In practice, the student will try to create a model that will convince himself; and it
would be necessary for the student to test this model so that it wouldn’t mislead him if it turns
out to be wrong. In our understanding, reverse thinking is the perpetual ability to create models
mostly in the subconscious in order to obtain a sense of comfort - a comprehension of a
particular thing (concept or relation).

Learning Reverse Thinking
Reverse thinking cannot be obtained by learning it as a school subject. For the most
talented students (it can be more difficult for the less talented and they are most likely to gain
limited reverse thinking) it is best achieved through a specially designed learning process at all
levels of education from pre-school to university. The key to teaching each subject is to show
that it is possible to see its analogues/ similarities in other familiar fields; to notice that in many
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cases things are similar - they fit the same model, and to constantly develop this ability.
Modeling requires students to have a comprehensive approach that goes far beyond the scope
of the topic, and thus gains the ability to locate/ see analogies/ similarities in topics that are
different in the fields that they already know. Modeling method and generated models are
verifiable, easier to distribute and accumulate, and publicly available, which demonstrates the
positive features of this approach.
Developing and using models in the learning process is a developed and tested
methodology, but it only applies to the comprehension of specific STEM topics, not for the
permanent use for everyday life and other new things. It is important to add other things from
everyday life to the specific topics of STEM subjects, which can show that you can obtain things
and specific information also outside the education standards of STEM subjects. This approach
will create the need to "dig" into the instructions, descriptions and other information that will
give the student the opportunity to develop his/her own internal model and discuss it with the
audience. The discussion of student models can only happen within the context of correctness in
a specific topic, because any other objections do not fit here by definition, since each student
forms the most acceptable model for him/her that allows them to intuitively feel the nature of
the subject. This is an essential part of the learning process, and the teacher has to pay special
attention to this. They might not like the model, but, if it’s correct, it can’t be criticized. Learning
reverse thinking is not a short-term process. It can be achieved with a long-term training and is
complemented by the methodology of modeling and model use.
Reverse thinking does not form within one subject. If the model method is used in only
one subject, the result is an impression that it only fits this subject (limited reverse thinking),
therefore it is necessary to ensure the use of models in several subjects at the same time.
Using this method in the environment of many subjects, the student becomes aware of
the comprehensive use of the method and it makes it easier to simulate many things that are
not relevant to these subjects.
The abovementioned results can only be achieved if there are teachers who use this
method. Educated teachers are the most important part for a successful implementation of this
method. It would be very good if they would follow a succession of a teacher -> school ->
university. Of course, this doesn’t mean that the method can be only used in schools. Reverse
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thinking gives the student the perception and ability to use the same model for a number of
subjects, which also reveals the similarities of many fields.
In order to get closer to reverse thinking, the learning process could be transformed as
follows: the teacher instructs to create a model for a certain term and the student creates the
model. Another teacher in another subject instructs to create a model for a topic, and the
student can adequately use the same model, but in a different subject. This can show the
student that the same model can fit multiple concepts at the same time. Such approach requires
a great deal of synergy between teachers. It is often the case that one subject teaches
something that can be used in another, such as physics and mathematics.
The more subjects, the more opportunities to practice. Practice of creation and usage of
the model in a given subject and models in other subjects and demonstration how this approach
is used universally and intentionally, showing that this approach lets you understand a lot of
new things, gradually habituates to unintentional use of the models, finally leading to
subconscious use of them.
A methodology was designed for the use of models [2], but the scheme for promoting
reverse thinking described in the publication - „Preparation stage -> Creation of model ->
Improvement of model -> Assessement of model” may be supplemented by model verification does it answer the question "why?" and adapt the worksheets accordingly. The methodology is
supplemented by working on the development of the skills of especially talented students,
where it is useful to instruct to build a model after the results of the experiment, in order to
answer the question "why is it happening?" instead of "how does it happen?".
Conclusions
In the learning process, the focus should be on answering the question "why?" rather
than "how?", which is best demonstrated by models.
Reverse thinking is not possible without building models in several subjects at the same
time and for a long time.
A large amount of students will only have limited reverse thinking due to their own lack
of fantasy.
Not everyone has enough fantasy; it is a fact that has to be accepted, that there are
especially talented students, but not all.
Limited reverse thinking is also an achievement, as it significantly reduces the possibility
of mistakes in certain fields - discomfort arises with incorrect solutions.
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There should be a sufficient amount of model examples created by students, in order to
encourage other students to create such models.
There should be teachers who know how to use models in the learning process in
accordance with the updated methodology.
Model method should be used in several subjects at the same time.
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CHAPTER 9: Holistic approach to teaching and learning sciences
Authors: Ulla Theisling, Ulrich Diermann, Equalita

"Learning with all the
senses - that makes
learning easier for
children."
Parent

"You just go out to
discover things instead
of sitting in the room
and pondering."
Pupil of Bertha-von-Suttner school, Nidderau
(Source: KulturSchule Hessen, Schulentwicklung und optimale Förderung durch Kunst und Kultur,
Hessisches Kulturministerium, 2015)

What does holistic learning mean?
Holistic learning can have different meanings: interdisciplinary, subject-linking learning and
learning with all the senses.
The American professor Nir Orion speaks in an essay on the holistic approach to learning of
an "earth system". 14

14
Source: Nir Orion, A Hostistic Approach for Science Education for all, Eurasia Journal of Mathematics, Science & Technology
Education, 2007
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"Earth science is an interdisciplinary science that deals with the exploration of the system
earth. The earth system is the sum of physical, chemical, biological and social components,
processes and interactions that influence the state and changes of planet earth."
(Source: Wikipedia)
What are the characteristic features of a holistic learning approach?
a. „Learning in an authentic and relevant context as much as possible
b. Organizing the learning in a sequence that shifts gradually from the concrete to the
abstract
c. Adjusting the learning for variant abilities learners
d. Integrating the outdoor environment as an integral and central component of the
learning process.
e. Focusing on both the cognitive and the emotional aspects of learning”. (see Nir
Orion)
Holistic learning is less oriented to learning progression, learning rules and gaining insights,
but focuses on the individual learning process and is more likely to be imitative and practical.
(Andreas Nieweler (Hrsg.): Fachdidaktik Französisch - Tradition|Innovation|Praxis. Klett,
Stuttgart 2006, S. 49.)
"Integrity encompasses the dimension of the individual (world knowledge, expectations,
preferences, and abilities), the group dimension (group goals, group constellations), the
thematic dimension and the environment (institutional framework, social requirements, and
material aspects such as classroom furnishing)" (Source: Wikipedia)
"In the field of aesthetic education, attentive perception recognizes details and peculiarities
of forms, colors, materials, sounds and language, which in turn can give rise to their own
interpretation and design.
The fields of mathematics, informatics, natural sciences and technology, which are
grouped together under the umbrella term MINT, combine common approaches that can be
described with the keywords exploration, cognition, and invention. Through close observation
and through experimental actions, relationships and laws can be experienced, which in turn
serve as a starting point for establishing one's own theories and testing them in experiments."
(Source: Kreativität als pädagogische Haltung Erforschen, Erkennen und Erfinden, Fachmodul
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Ästhetische Bildung und MINT von Elke Lückener und Katrin Mohr, S. 37, http://www.kunst-undgut.de/wp-content/uploads/2016/12/FA__776_B_Publikation.pdf)
"The natural sciences are concerned with the systematic study of nature. They observe
reality according to regularities, researching, searching, and comparing to understand the world.
Art, on the other hand, views reality largely without purpose. She tries to depict her, to shape
her,

to

give

her

a

shape

and

color.

the

results

are

highly

subjective."

15

The holistic approach in historical context
"The

truth

of

art

prevents

science

from

becoming

inhuman,

and the truth of science prevents art from making itself ridiculous"
(Raymond Chandler)
The connection between art and the natural sciences has a long history. For centuries this
connection between the different disciplines was self-evident.
The combination of art and science served the emancipation of the visual arts, their
liberation from the status of a mechanical art and the rise to the rank of a free art. At the
beginning of the modern age, geometry and mathematics took the imagination into account and
led to the invention of the central perspective. In their common endeavour "... that I recognize
what holds the world together at its core ..." (Goethe, Faust), the arts and sciences were closely
connected.
The epitome of the universal scholar was Leonardo da Vinci. He occupied himself
throughout his life with the connection of art and natural sciences. In the 19th century, there
was an ever-increasing specialization and differentiation. "With increasing complexity, however,
there is also a return to the reciprocal relationship between art and science. The natural
scientists are all the more in need of visualization as the abstractness of their findings increases,

15
Manuela Niethammer, Gesche Pospiech,, Naturwissenschaft und Kunst. Gestaltung fächerübergreifenden Unterrichts,
Waxmann2013, S. 13
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and the fine arts are again interesting to the natural sciences in search of new possibilities of
expression." (s. Niethammer, Pospiech, S. 14).
The future researcher Robert Jungk once again called for a holistic understanding of the
world: man does not live by bread alone, and the benefits we derive from science must not be
measured solely by their technical consequences. Our forefathers have contributed abundantly
to all arts, to music and theater, to sculpture and architecture, to painting and literature."
(Source: http://zitate.de/autor/Jungk,+Robert/)
"Recently there has been another rapprochement between art and science. Artists reflect
on scientific and technical topics or develop artistic experiments. Conversely, conditions of
artistic activity are becoming more and more important for scientists, insofar as experimental
and creative systems and their own lives provide surprising discoveries and guide the interest in
understanding."
(Source: http://www.kunst-als-wissenschaft.de/de/news/index.html?NID=2001861).

Holistic learning in the context of education in Germany and worldwide
The first approaches to holistic learning can be found at the Swiss pedagogue Johann
Heinrich Pestalozzi, who focused on learning with head, heart and hand as part of
"Anschauungpädagogik". Maria Montessori was one of the first to recognize the importance of
learning with all the senses, and at the beginning of the 20th century she began to develop and
implement her pedagogy on this basis. Based on reform pedagogy, holistic learning emphasizes
not only traditional cognitive-intellectual aspects but also physical and affective-emotional
aspects: Holistic learning is learning with all senses, learning with mind, soul and body.
In the 1970s, the didactic scientist Siegbert A. Warwitz introduced a teaching and learning
form to the didactics using the principle and the method of multidimensional learning, which is
based more on the reality of life and the realities of the lesson. The largely unilateral practically
or theoretically, physically or intellectually designed specialized teaching had led to a less
efficient teaching situation, with unsatisfactory learning outcomes and motivation of the
students.
Since the beginning of the 1970s Edward Deci and Richard Ryan developed their theory of
self-determination (Deci 1975, Deci and Ryan 2012). Their understanding of the human being
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builds upon a synthesis of theoretical discussions and many hundred empirical studies: “The
starting point for SDT (Self-determination theory) is the postulate that humans are active,
growth-oriented organisms who are naturally inclined toward integration of their psychic
elements into a unified sense of self and integration of themselves into larger social structures”
(Deci and Ryan 2000). The self-determination theory claims further that inner motivation is the
foundation for being able to learn and, in a wider context, develop oneself, express potential
and connect to the outside world.
Linda Jolly and Erling Krogh, professors at Norwegian University of Life Sciences, developed
the theory of relationship-based experiential learning. They analyzed “Classroom lessons
reflect the politics of education in Norway and Europe that focuses increasingly on measurable
learning results in separate subjects such as mathematics, natural science, languages and social
studies. Artistic and practical subjects receive less attention and even less resources in the daily
school routine. The curriculum in these subjects has also become more theoretical and
cognitively oriented. This contributes to an increased theorizing of education.”
(Source: How do Children and Youth learn through Farm-school Cooperation?,
http://www.skillebyholm.com/wp-content/uploads/2014/08/101334.pdf)
They come to the conclusion that “Education needs a new theory of learning. The cognitive
oriented school, divided into segregated subjects with an overall focus on measurable learning
results, corresponds with theories that restrict learning to construction of meaning. These
current theories vary from emphasis on mental constructivism to a focus on construction of
meaning as interplay between social and cultural processes and mental learning. When the
emphasis is on cerebral learning, the fact that a brain is located in a living body and that the
body, not the isolated brain, is the acting subject in every encounter with the world tends to be
down played. Focus on mental construction leads therefore to a devaluating of physical skills
and practical and esthetic activities.”
Based on these insights Linda Jolly and Erling Krogh developed the following model of
relationship-based experiential learning.
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(Source: How do Children and Youth learn through Farm-school Cooperation?,
http://www.skillebyholm.com/wp-content/uploads/2014/08/101334.pdf)

“We define learning as an inner or inter-psychic mobility stimulated by participation in
occurrences that lead to changes in behavior. The outer activity and the course of the task is
shown on the outside of the circle with the white arrows. The inner process is shown in opposite
pairs inside the circle. Changes in behavior occur through the pupil’s activity and development in
the circular learning process. Further, it is dependent on how the pupil responds to the results
of the task. The task is a part of the enterprise, such as a farm or garden and the production
processes found there.
To begin with, the teacher and/or the instructor…. make a plan for the learning process and
choose the tasks before the pupil is introduced to the work. ….. After the planning, the
introduction opens for a connection to the task, before the pupils experience degrees of
mastering and failing in doing the task. Then the facilitation of reflection and learning from their
experience is important. At the end, the pupils can choose to go on with the task, modify it or
participate in another task.
http://goscience.com
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Within the circular arrows, we attempt to show the inner processes in the pupils. The inner
mobility for learning is activated and is continuously in dialogue with the concrete work of the
task, which is designated outside of the circular arrows. In the process of learning, the pupils are
always in a span between two extremes: holding distance, being absent, not interested in what
is happening and the opposite: participating actively, awake and present, oriented towards and
engaged in what is happening. This is the case in all the phases of the learning process and can
change at each step. If the pupil distances him/herself from the task, the potential and drive in
relation to inner mobility and learning becomes less. The opposite is true for those who
participate actively.”
Linda Jolly, Erling Krogh, How do Children and Youth learn through Farm-school
Cooperation? http://www.skillebyholm.com/wp-content/uploads/2014/08/101334.pdf)
The Holistic Approach is rated by Nir Orion as a paradigm shift towards an "education of the
future citizens”:
„There is no doubt that the understanding of these earth sciences environment phenomena
is crucial for our future citizens no less than the subjects that a traditional science education
curriculum deals with”. (S. 112)
A comparison between the traditional science and the earth system teaching:

Traditional science teaching

Earth system teaching

The main purpose is to prepare the future
The main purpose is to prepare the future
scientists of an society
citizens of a society
Disciplinary-centered teaching
Multidisciplinary teaching
A teach centered teaching
A child-centered teaching
Content-based teaching
Integration of skills within contents
The
teacher
is
a
source
for
The teacher is a mediator for knowledge
knowledge/information
“Chalk and talk” (Tafelanschreiben und
Inquiry based teaching
Vorträge) based teaching
School-based learning
Multi learning environments: classroom,
lab, outdoors and computer
Teaching that is derived from the scientific
Authentic based teaching that is derived
world
from the real world
Traditional assessment
Alternative assesment
(Source: Nir Orion, S. 116)
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Why is this approach (in the context of the scientific-artistic orientation) important for the
MINT subjects?
In a public discussion in March 2017 on the subject of "MINT Education in Germany" Prof.
Dr. med. Christian Rittelmeyer presented the following statement:
"For some 15 years, there has been an intense international debate about the importance of
artistic subjects (and related pre- and extra-curricular activities) for the education of adolescents
as well as for the future viability of societies. These subjects were often presented as not so
important "soft" against the "hard" and supposedly more important for modern societies STEM
subjects and thus marginalized.”
"The international congresses on ‘Arts Education’ organized by UNESCO and their
significance for the development of ‘creative competencies for the 21st century’ in Lisbon in
2006 and Seoul in 2010 are signs of an international counter-movement against the unilateral
preference of the MINT, PISA or STEM competences. (One may call STEM Science, ie Science,
Technology, Engineering, Mathematics as the US equivalent for MINT). However, there are good
scientific reasons not only to query this marginalization of the artistic subjects, but also to point
to

constitutive

interrelationships

between

artistic

and

STEM

skills."

(Source:
https://www.bundestag.de/blob/495928/3e431ee5fc39ea7e8dfbd6ec2c2fddaf/rittelmeyer_stel
lungnahme-data.pdf, Prof. Dr. Christian Rittelmeyer, Statement, Public discussion on "MINT
education in Germany" on Wednesday, 8 March 2017)
The scientific-artistic subject orientation in the schools in particular focuses on the girls.
Often the artistic approach facilitates their access to scientific contexts. The need to address
girls is growing, because for example in Germany they are still much underrepresented in the
science-oriented vocations.
"The natural sciences are looking for art because it creates an intuitive access to the public
and serves as a vehicle to arouse interest in scientific topics and abstract issues". (s.
Niethammer, Pospiech, S. 18)
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Where do Aesthetic Education and MINT meet? Both Aesthetic Education and STEM areas
therefore require an experimental approach to transform findings into learning outcomes, as
well as creative thinking and action to create something new. In this respect, exploring,
recognizing and inventing are basic principles and methods of scientific as well as of artistic
action. (s. Elke Lückener und Katrin Mohr, S. 37)
Prof. Dr. Christian Rittelmeyer comments in more detail:
"A now extensive international research (often referred to as transfer research) is
concerned with the so-called extra-technical effects of artistic experiences and activities. For
example, with the effects of ensemble playing in the school orchestra or sculpture in art lessons
on the spatial imagination and thus also on skills in the field of geometry. In many cases, such
transfer effects meanwhile have been proven. With regard to the evaluation of the MINT
initiative, one can formulate as an important result of this research, that artistic activities seem
to provide to some of the adolescents a special stimulating milieus to acquire such
extracurricular competences or develop regarding basic interests, perhaps because the aesthetic
experiences are didactic scenes that give these people better access to those extra-physical
elementary competences. Indeed, one can observe historically that many naturalists owe their
enthusiasm and ingenuity to the fact that they have combined scientific and mathematical
explorations with aesthetic attentions (...). The recognizable artistic documentation of plants
and people must be mentioned, Geographical Characteristics of South America in the Work of
Alexander von Humboldt" (Rittelmeyer, p. 2)
"Because the arts offer incredibly diverse and interesting experiences and activities that enrich
life, they are needed by all. Because people do not live in a world as it is, but in a world how they
perceive it. In this world, they represent themselves, they express themselves, they shape the
world. They learn how they do it. The arts offer with their sound worlds, worlds of movement,
imagery, language worlds, etc. the richest and most demanding repertoire for the perception
that exists."
(Quelle: Bronnbacher Positionen: Hrsg. v. Prof. Dr. Hellen Gross, Theresa Krukies, Dr. Martin
Schwemmle für den Kulturkreis der deutschen Wirtschaft im BDI und dessen Stipendiatinnen
und Stipendiaten des Bronnbacher Stipendiums. 1. Auflage. Berlin: November 2016. Mehr
Informationen unter www.bronnbacher-positionen.de)
http://www.rat-kulturelle-bildung.de/publikationen/fachbeitraege/
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"There are the first approaches to name MINT education, which is abbreviated in English by
STEM for science, technology, engineering, mathematics, now in English as STEAM. Then A
would stand for Arts."
Source: University professor and educator Martin Lindner. Before moving to educational
research, he spent ten years studying at a high school in Rendsburg. Since 2010 he teaches at
the Martin Luther University Halle.
"These approaches are now coming from the US, they are very promising, I would not want
to deny them in any way, we've already tried out the first approaches in workshops, by
incorporating theatrical presentations or panel discussions where we practice other methods
than

just

measuring

or

scientific

evaluation."

(Source:

http://www.deutschlandfunk.de/naturwissenschaften-mint-faecher-kreativervermitteln.680.de.html?dram:article_id=281826)

Holistic oriented education at external learning places
Learning outside of school is an integral part of holistic learning. The vividness of
interesting, diversely designed places can increase the motivation of the pupils. Learning takes
place with all senses. Extracurricular learning must be well prepared as well as at school. There
are numerous extracurricular learning locations such as museums, forest schools, farms, art
workshops, libraries, fire departments. Only in the federal state North-Rhine Westphalia in
Germany,

1,000

specific

learning

locations

are

recorded.

(Source: Landschaftsverband Rheinland (LVR) vom 25.10.2016. http://www.paedagogischelandkarte-nrw.de/Start)
A good example is the learning place farm, which is used by more and more teachers as an
extracurricular learning place. Farms offer space and numerous opportunities to experience
agriculture, nature and the environment with "head, heart and hand". Where do foods come
from? How does agricultural production work? What lives inside and on the ground? Many
topics can be addressed concretely at the learning place farm. This can support the knowledge
in subjects such as biology, geography, mathematics, physics, economics, ecology and
sustainability. But visits of farm also provide valuable impulses for holistic learning: children and
adolescents can work practically, develop curiosity for non-everyday experiences, and make
http://goscience.com
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positive experiences of success. Activities on the farm promote self-esteem and learning
motivation, and strengthen the team spirit.
The integration of disadvantaged children and adolescents is also promoted through this
extra-curricular learning location. It has been shown that especially children and adolescents
who have difficulties in the formal education system benefit from visits to the farm. Practical
peasant activities lead to a sustainable improvement of the physical and mental development.
The farm as an alternative experiential space complements school education by being able to
learn on an action-oriented basis.
The Norwegian Professors Linda Jolly and Erling Krogh have developed their theory of
relationship-based experiential learning focusing on the leaning place organic farm. They
resume is “It is not only the sciences, such as ecology, biology, chemistry, math and physics that
can be actualized in the context of an organic farm. Tracing the produce from the farm to the
consumer illustrates principles of economics and societal organization. Alternative marketing
through farm shops, community supported projects, cooperatives and subscription on organic
farms provides another learning arena. After a day of working on the farm, food prices and the
value of food become topics of interest. Food waste is another actual theme by looking at what
can be sold to the wholesaler and what must be sorted out because of size or shape.”
(Source: “How do Children and Youth learn through Farm-school Cooperation?” Linda Jolly,
Erling Krogh, Norwegian University of Life Sciences; http://www.skillebyholm.com/wpcontent/uploads/2014/08/101334.pdf)
Best Practice Examples in holistic education
SCIENCE THEATRE
The experience of nature in a cultural context using science theatre forms the basis for the
project "Miss Brehm's Animal Life". In the theatre project "Miss Brehm's Animal Life", playfully
acquaints knowledge about endangered species.
Video: https://www.youtube.com/watch?v=FD9pLXO1z2c
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EXPLORE SCIENCE
Explore, experience, discover - this is the motto of the annual scientific adventure days at
the Luisenpark in Mannheim.
Central goals are:
•

to awake the interest and enthusiasm of young people for science topics,

•

to actively involve schools and students as "experts",

•

knowledge transfer and presentation "from pupils to pupils",

•

to enable research-discovering, self-directed, cooperative learning,

•

to present the latest findings and developments from research and

technology.
Video: https://www.youtube.com/watch?v=OLFf-H49CVQ

SCIENCE ON STAGE
... is a network of teachers for teachers of all types of schools who teach
mathematics, computer science, science and technology (STEM).
... provides a platform for Europe-wide exchange of inspiring ideas and concepts for
teaching.
... ensures that MINT is in the scholl and public spotlight.
https://www.science-on-stage.de/page/display/de/7/7/734/spektrale-klaenge-aus-derbroschuere-istage-2

creACTiv
"creACTiv for climate justice" is a pilot project of KinderKulturKarawane for the
implementation of the didactic orientation framework for the area Global Learning. In dialogue
with young artists from the Global South, Hamburg students are dealing with questions such as:
• What consequences does climate change have for our countries?
• Why are these topics a question of justice too?
http://goscience.com
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• How can we creatively present our views and insights on these subjects to the public?
• How can we motivate ourselves and others for responsible climate action?
• What can we do together for more climate justice?
By peer-to-peer learning, they expand their knowledge of the causes and effects of global
climate change and recognize their personal responsibility. They develop ideas on how everyone
can work for more climate justice, publicize this with artistic and creative means, and thus
strengthen

their

own

ability

to

act

in

the

face

of

global

change.

https://klimaretter.hamburg/wer-wir-sind/creactiv
TEACHING UNIT "SPECTRAL SOUNDS"
Many students are enthusiastic about music and some play an instrument themselves. The
module 'Spectral Sounds' helps students to understand waves as an important subject area of
physics and science by means of sounds. With the microphones and apps of their smart phones
they measure and analyze the sound spectrum of various musical instruments and investigate
the behavior of the acoustic waves. The acquired knowledge can then be transferred to other
wave phenomena.
https://www.science-on-stage.de/page/display/de/7/7/734/spektrale-klaenge-aus-derbroschuere-istage-2

WHO MURDERED SIR ERNEST? - DETECTIVE STORY IN SCIENCE LESSONS
In the fictional crime case 'Who murdered Sir Ernest?', the host Sir Ernest is murdered by
one of his guests during a ball. The only clue to the offender is the soundtrack of a video
recording in which the victim toasts with his guests. The sound of glasses betrays his killer. In the
interdisciplinary assessment, the students deal with the frequency analysis of glasses and video
scenes. In addition to the spectroscopy they learn in another storyline about the spectrum of
flame coloration as a fingerprint of the atoms and investigate the composition of a salt mixture.
https://www.science-on-stage.de/page/display/de/7/7/1172/who-murdered-sir-ernestdetektivstory-im-naturwissenschaftlichen-unterricht
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CYANOTYPIE – ART AND CHEMISTRY
Cyanotype is an old photographic process based on iron salts. This makes it easy to create
beautiful images in 'Berlin Blue', completely without a darkroom.
https://www.science-on-stage.de/page/display/de/7/7/1095/cyanotypie-kunst-und-chemie
TORRENTIAL RAIN: EXPERIMENTS AND MODELS ON CLIMATE CHANGE AND GLOBAL
WARMING (STAGE 1)
The project shows the students how to create small animations themselves, with which they
can learn how to use the programming to describe and calculate a simple physical system.
https://www.science-on-stage.de/page/display/de/7/7/460/sintflutartiger-regen-aus-derbroschuere-istage
BIOLOGY AS A PLAY: PLAYFULLY PRESENTING COMPLEX PROCESSES OF DIGESTION
"The Light at the Tunnel" presents the invisible processes within the human body in a playful
and understandable way, suitable for children.
https://www.science-on-stage.de/page/display/de/7/7/433/the-light-at-the-end-of-thetunnel-ein-naehrstoffdrama-in-einem-akt
CHEBIKU: COMBINE CHEMISTRY, BIOLOGY AND ART TO MOTIVATE FOR SCIENCE
In the first school year the subject art is coupled with the natural science biology. The first
problems in the classroom are the natural colors of plants. Why are certain plant parts colored?
Where exactly are these colors? What qualities do these have? In a series of experiments, the
following questions are addressed: Microscopy of colored plant parts, isolation of plant colors
(eg, red cabbage, beetroot, green leaves), study of plant colors (behavior towards temperature,
acids and light). Finally, a watercolor is created using the isolated plant colors. For this purpose,
the behavior of plant colors on paper is tested and the technique of watercolor painting
practiced the artist Emil Nolde serves as an example. Why do leaves change color in autumn?
https://www.science-on-stage.de/page/display/de/7/7/426/chebiku-kopplung-der-faecherchemie-biologie-und-kunst-fuer-zwei-schuljahre
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Concept Holistic learning presented by the example of schools
Integrierte Gesamtschule Alexej von Jawlensky
"If the students say themselves:
We now want to continue to work on the problem in the art room. Can we go over there?
I feel, we have become a culture school.”
Teacher of Alexej-von-Jawlensky-Schule, Wiesbaden
(Source: KulturSchule Hessen)
The Integrated Comprehensive School Alexej von Jawlensky is one of five "Culture
Schools" in Hesse, and all of them share a common idea. Cultural practice and learning with all
the senses should be included in the daily classes. Every pupil and every student should be given
the opportunity to discover for themselves a form of art that appeals to them. Through versatile
artistic activities, they should gain confidence in their own power to design. As listeners and
spectators of art and culture and in personal encounters with artists, they learn to see art in any
form with different eyes. In the educational process, skills such as creative thinking and
designing, the productive handling of the unusual, but also characteristics such as accuracy,
perseverance and discipline as well as social competence develop. The goal is tolerance and
acceptance for the OTHER.
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(Source: http://www.jawlensky-schule.de/index.php?article_id=34)
Michaeli-Schule Köln – a school of Waldorf education
Excerpt from the syllabus of the Waldorf School:
Mind training - Experiences with all senses is a priority in grades 1 to 4, but beyond that the
training of the senses is always a field of experience.
Artistic Lessons –
1st Aspect: Each lesson should be artistic. It is the task of educators to plan and design the
lessons like a work of art.
2nd Aspect: In all lessons, everything the children do should be artistically permeated. What
students do and should do is to be aesthetic. The whole person should always be in the field of
vision. Body-soul - mind or hand - heart - head are to be considered and trained equally in
everything.
Rhythm – People are thoroughly rhythmic beings. Starting with the rhythms of the heart
and breathing, day and night, or sleep and wakefulness, the rhythm of the month or moon, or
the rhythm of the year or sun, all life and school life are rhythmically structured. Pedagogy
makes use of this fact in a variety of ways, both large and small, in the design of the lesson as
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well as in the structure of the year, the week or the day. The curriculum also takes this into
account

for

the

entire

school

year

of

a

child.

(Source: http://www.michaeli-schulekoeln.de/site/assets/files/1030/schulkonzept_michaeli_schule.pdf)
Waldorf education is based on the principles of Rudolf Steiner.
Rudolf Steiner: "It is a paradigm shift in which the researcher increases the participation in
the object of his interest in such a way that he becomes getting involved no more an observer,
but a participant - for example in observing the growth gestures of an organism. To the extent
that he himself is related to his object, he learns to understand its language. He learns to speak
with them when he becomes involved with the action gestures that come to him in matters and
processes - he becomes the inventor.
This type of science, albeit hitherto modest, has led on the one hand to newly developed
substances and preparations. On the other hand, it contributes to a necessary orientation and
creation of inspiration in a time that is increasingly struggling with the devastating
consequences

of

technological

civilization."

(Source:

http://www.anthroposophische-gesellschaft.org/anthroposophie/naturwissenschaft/)
KulturSchule Hessen - Hessian cultural schools
Hessian cultural schools are based on a cooperation agreement between the foundation
Mercator and the Hessian Ministry of Culture
Cultural practice is a special educational and educational task according to the Hessian
Education Act. It should make it possible for all children, irrespective of their social background
or parents' backgrounds, to gain access to their own artistic forms of expression and thereby to
introduce them to participation in cultural and therefore social life: writing, designing with the
media, painting, making music, Dancing or playing theater should be part of a contemporary and
holistic education. In addition, creative forms of learning motivate students in all subjects,
including the natural sciences. Cultural practice makes an indispensable contribution to a
pedagogical all-day concept with a lively school culture.
https://kultur.bildung.hessen.de/kulturelle_praxis/kulturschulehessen_flyer-1.pdf
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