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Abstract

Researches carried out all around the world showed that students learn more effectively if they are able to make
connections between subjects. This case reports based on an investigation of how mathematics concepts were
connected to science concepts by a science teacher in an elementary science classroom, and on the science
teacher’s views about connectivity. The progress of the instruction of a unit on the structure and properties of
matter was observed in a class of forty eight students in a public school in Ankara. The science teacher was
interviewed and her views were compared to her practice. The researchers undertook eight hours of observation,
and data was collected through field notes and video-recordings. The findings showed that the teacher made
connections between the topic and the mathematical components, such as the symbolic representations,
arithmetic, counting, equations, the least common multiplier, and the distributive property of multiplication over
addition. Although she thought that physics is more available for more connection when it compared to
mathematics, we observed that many connections are possible in other areas of science as well.
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Introduction

Recently, interdisciplinary approach in research studies is apparent in both science education and mathematics
education literature. This approach is an indication of the removal of the boundaries between disciplines.
Especially, the distinctions between science and mathematics strands declines and researchers are interested in
integrations of these disciplines or emphasize the connections between them.

The necessity for the connectivity for disciplines can be found in the sentences of Moore. In 1902, Moore’s
argued that: “Engineers tell us that in the schools algebra is taught in one water-tight component, geometry in
another, and physics in another, and that the student learns to appreciate (if ever) only very late the absolutely
close connection between these different subjects” (as cited in Frykholm & Glasson, 2005, p.1). These words
have resonance today. Although in our daily lives we do not separate tasks into specific subjects before we act,
in schools we teach knowledge as different disciplines (Rogers, Volkmann, & Abell, 2007). This leads to a very
late appreciation of connectivity between these disciplines in minds of the students. Connectivity is defined as
“making connections among objects, or phenomena, or situations; and thinking about how they impact each
other or at what points they are affected from each other” (Umay, 2007). Therefore, it seems only logical that
schools should not separate disciplines fully from each other, but should emphasize the connectivity within a
discipline and between disciplines. Here we construe connectivity as, “making connections among objects, or
phenomena, or situations; and thinking about how they impact each other or at what points they are affected
from each other” (Umay, 2007).

According to Park-Rogers et al. (2007), “connections between science and mathematics seem natural” because
we use mathematics to organize and analyze data in tables and graphs, to see and make sense of patterns in the
data, to represent scientific phenomena and concepts, and we use science, in reverse, to provide us concrete
examples of abstract mathematical ideas. Similarly, in Science for All Americans, it is suggested that
“Mathematics is the science of patterns and relationships. Mathematics is also an applied science. Mathematics
is the chief language of science”(Rutherford & Ahlgren, 1990, pp. 16-18). That is, the mathematics function as a
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language of science and it is indispensable part of science. Without the mathematical representations, science
would become inarticulate. Reversely, science becomes an object, a realization of mathematical ideas in real
world. Therefore, this interdependency of science and mathematics should always be noticed in schools
(Lonning & DeFranco, 1997). However, there are a few empirical studies investigating skills, beliefs,
knowledge, and experiences necessary for teachers to implement the connectivity between science and
mathematics (Frykholm & Glasson, 2005).

Curriculum efforts in many countries accordingly emphasize making connections among disciplines such as
science and mathematics, science and history, or mathematics and music. Specifically, curriculum reforms in
elementary science and mathematics education refer to the need to foster students' understanding of and
appreciation for the connections between these subject areas as well as their applications (Frykholm & Glasson,
2005; Ministry of National Education in Turkey (MoNE), 2006; National Council of Teachers of Mathematics,
2000). Therefore, based on this idea, as researchers we think that this study will give an idea to curriculum
developers to be aware of the inconsistencies between the discipline in a school science and mathematics
curriculum at an elementary level. Secondly, the teachers might benefit from this study by realizing the
connections that could be made in a science unit in an elementary science classroom, and help students to
construct a holistic view of the world by connecting various disciplines when evaluating a situation. Third, this
study might be an initiation of an effort for the researchers to investigate the effective ways to adapt various
disciplines to each other and the effectiveness of integrated curriculum.

Connectivity in the light of constructivism and Integrated science and mathematics

Over the past decade, constructivism has been employed widely in the education system. The constructivist
approach suggests that new information can only be acquired in connection with old knowledge. It proposes
connections in terms of knowledge, meaning, and learning as well as connections between experiences in the
classroom and real life. Thus, in constructivist approach, we could not think the teaching and learning of
disciplines as separated and unrelated. As Furner and Kumar (2007) forwarded, “more and more educators are
coming to realize that one of the fundamental problems in schools today is the “separate subject” or “layer cake”
approach to knowledge and skills” (p.186). Therefore, curriculum reforms which center constructivism as an
approach to teaching and learning make interdisciplinary connections. Interdisciplinary or integrated curricula
are designed to enable students to make connections among disciplines, among contents and situations in the
real life, and among their learning and experiences (Barab, 1999).

In terms of learning of science and mathematics, constructivist curricula suggest a major shift from learning as
accumulation of facts and concepts to learning in connection with other disciplines as socially negotiated
constructions (Cobb, 2000; Frykholm & Glasson, 2005; Roth & Bowen, 1994). This approach to learning of
science and mathematics recognizes the common grounds that both disciplines have and explores the ways to
appropriately and effectively connect these disciplines in schools (Berlin & Lee, 2005). For example, National
Council of Teacher of Mathematics in USA identified one of the five process standards for school mathematics
as connections standard. From prekindergarten through grade 12, this standard provides two separate
components. Firstly, it helps in connection within and among mathematical ideas. Students learn to make
connections among mathematical ideas to build a web of connected ideas. Secondly, the standard refers to
connections between the real world and other disciplines. Hence, children can see that mathematics have a great
role in science, art, and social studies. Briefly, it offers that mathematics should be integrated with other
disciplines and the applications related with the real world should be explored (NCTM, 2000). There are
different models suggesting connections between science and mathematics.

Models of integration, however, generally used a continuum from math for math to science for science (Lonning
& DeFranco, 1997; Huntley, 1998; Roebuck & Warden, 1998). Different from these models, Kiray (2010)
developed a framework which took the content knowledge in the center of connection. The framework
regarding science and mathematics integration consists of the following dimensions: content knowledge, skills,
the process of teaching and learning, affective characteristics, as well as measurement and assessment. The
determining character of this framework is that it is a content-centered balanced model (Kiray, 2010). Based on
the reliance on content in each of the end of the balance, the model has mathematics content in one end,
continuing with mathematics-centered science-assisted integration (MCSAI), mathematics-intensive science-
connected integration (MISCI), total integration (T1)- which has equal share of mathematics and science-,
science-intensive  mathematics-connected integration (SIMCI), science-centered mathematics-assisted
integration (SCMAI), and science content on the other end. Kiray (2012) proposed that balance can be achieved
by devoting an equal time to content of the both disciplines.
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In Turkey, the science and technology curriculum makes connections with other disciplines such as Turkish
language, history as well as mathematics. For example, in the explanations part of the curriculum it is stated that
teacher needs to make connections within and among disciplines (MoNE, 2006, p.12). An example of
connection between science and mathematics can be found in 6th grade unit of force and motion, where the
teacher is asked to establish connectivity between the unit and tables and graphs in mathematics (MoNE, 2006).
However, this connectivity cannot be observed in the objectives part of the curriculum.

In this article, we focused on this specific issue, namely, how much mathematics and science connectivity was
achieved in one elementary science classroom and how the teacher’s practices were consistent with her views
about connectivity. Therefore, in this case study, we focused on the practice of an elementary science teacher
while implementing the unit of “The Structure and Properties of Matter” at 8th grade in a public school in
Turkey.

Method
Research Questions

To investigate how mathematics and science are connected in elementary science classrooms, a unit “The
Structure and Properties of Matter” was selected. Usually, connectivity between science and mathematics is
thought to be dense in physics. This general acceptance of connectivity between physics and mathematics is not
the only one where connectivity plays role in science. This is the reason why a chemistry topic was chosen as
the unit in the study. Besides, in Turkey, teachers should follow the curriculum in their teaching of units and this
unit was the topic of study in the classroom at the time of the research. In line, the following research questions
guided the process of this study:

RQ1- What type of mathematics is connected into the science unit?

Additionally, we are interested in how the teacher’s views regarding connectivity are related to her practice.
Therefore, we also explored the following research questions in this study:

RQ2- What are the views of an elementary science teacher about the connection of mathematical concepts into
science units?

RQ3- How do teacher’s views about the connection of mathematics concepts into science lessons are consistent
with her practices?

Research Design

The study is a single case study. A case study is defined as “an empirical inquiry that investigates a
contemporary phenomenon within its real-life context, especially when the boundaries between phenomenon
and context are not clearly evident” (Yin, 1994, p.13). By concentrating upon a single phenomenon or entity
(the case), this approach seeks to describe the phenomenon in depth (Merriam, 2002). Stake (1980) counters the
claim that single case studies are not an adequate basis for generalizations. Yin (2003) is speaking specifically
about case studies and makes the claim that they can be a preferred research method, when it represents a case in
confirming, challenging, or extending the theory.

Accordingly, this study is planned to be a case study where an intensive description and analysis of a
phenomenon will be made. The phenomenon here is the connectivity between science and mathematics in a
science course. It deals with the operational links between science and mathematics needing to be traced over a
course of unit. That is, the purpose of this case study is to explore how the connectivity is constructed between
elementary science and mathematics for the unit of “The Structure and Properties of Matter” at 8th grade in a
public elementary school.

Data Sources

As sources of evidence, direct observation of the lectures being studied and interviews with the teacher were
used. As the evidence of connectivity during the science lectures, we looked for any reference to mathematical
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operations, signs, and terms used by the teacher during instruction. Semi-structured interview was done to reveal
the science teacher’s views about the connectivity between science and mathematics in general since the views
of the teacher highly impact the enacted curriculum. Field notes, such as observation notes taken by the
researchers during the class, were taken during the observation of the study of the unit in the classroom to
ensure the triangulation of data for the trustworthiness of the study. It took 4 weeks to cover the study of whole
unit in the class. Therefore, video recording was done for 4 weeks (8 hours). Two researchers were involved in
the collection of data.

Context of the Study: A science course on “The Structure and Properties of Matter”

This case study was conducted in an 8th grade student class during 2010-2011 education years at a public
elementary school in Ankara. The unit of analysis was the teaching-learning activities applied in the class by the
science teacher when studying the unit “The Structure and Properties of Matter”. The teaching-learning
activities are those which take place in classroom and may involve direct instruction, cooperative learning
activities, demonstration, questioning, collaborative learning, and experiments.

The content of the unit includes three main titles: periodic table, chemical bonding, and chemical reactions. In
the periodic table section, students are expected to learn about the element, the construction of periodic table,
electron distribution in orbitals. In the section of chemical bonding, students learn about the ionic and covalent
chemical bonds. And lastly, in the section of chemical reactions, they use the knowledge of chemical bonding to
understand chemical reactions, such as acid-base reactions. This study was conducted during the teaching of the
sections periodic table and chemical reactions.

The instruction took place in an elementary science classroom with 48 students. The school was a public school
at the central district of Ankara and so the students were coming from the families with mid-level socio-
economic status. There were no students with special needs. Science lessons took place in a classroom
environment where student sit two in a desk. Science lessons are conducted consequently as two 40 minutes
classes with 10 minute break. Researchers attended to both lessons each week during the investigation.

Participant

The science teacher has a Bachelor of Science degree from the department of elementary science education as a
major and elementary mathematics education as a minor at a well-known public university in Turkey. She has 7
years of teaching experience. Because of her educational background and her teaching experience, she is
expected to have a good understanding of the needs of curriculum in connecting various disciplines to science
content, and be able to demonstrate the use of several teaching methods in her teaching.

The teacher of the case here was selected because of her interest in connectivity in science and mathematics
education. She was a convenient one to study and she talked about connectivity many times with the
researchers. Moreover, her background was another reason for studying with this teacher. Because she had
courses both in science education and mathematics education, she could have teaching ability and understanding
in both areas.

During this study, she taught to 48 grade-8 elementary students. She was mainly following the science textbook,
which is common for all 8" graders in the nation. She was enhancing her lecture by means of educational
software such as simulations prepared and distributed by Ministry of Education. She was also promoting
learning by conceptual tests and questionnaires related to the topic of study.

Data Collection Instruments and data analysis
Video records

Classroom video-records were analyzed through qualitative case study method, where the half of the logs of the
video-records were open coded (Strauss & Corbin, 1990) by the researchers independently first. This case study
focused on one elementary science teacher’s teaching of a science unit. The unit of analysis was a cluster
including teacher’s use of mathematics terms while teaching science. Then, the researchers came together to
understand the emerging codes to ensure inter-rater reliability. After this open-coding and agreement stage, the
researchers determined and coded the rest of the transcriptions. Then, the researchers tried to develop the
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categories based on these codes and the authors of this study and a reviewer came together to discuss these
categories. After the discussion, the researchers decided the main categories which are going to frame the
connectivity in the unit of “The Structure and Properties of Matter”.

Field Note

During the instruction, researchers had a firsthand experience with the notes on the board. It allowed the
researcher control over the questioning process and catch attention regarding the behavior and actions in the
classroom. Researchers took field notes regarding the activities in the study area. In those field notes, the
researchers recorded the questions that the teacher asked in the classroom. They were used to provide clarity of
the intent behind the connections made in the classroom.

Interview

We also conducted an interview with the teacher after the course. An initial interview was not preferred in order
not to cause any bias. That is, the teacher may feel obliged to make connections during her teaching if we would
ask questions related to connectivity. Sample interview questions were ‘what do you think about the
connectivity between/within disciplines; do you make connections in your teaching, could you give an example;
which courses have a connectivity with science course; do you make connections with mathematics in your
science course; when do you feel need to make connections; do you believe that connectivity enhances the
students’ learning science concepts’. The interview transcripts were used for comparison to researchers’
findings related to the use of connectivity in the classroom. Therefore, the analysis of interview transcripts were
compared to the results obtained in the previous stage of analysis in order to find consistencies and
inconsistencies between the teacher’s views about connectivity and her classroom implementations of the
curriculum.

Results

The analysis of the video records, researchers’ log, interview, and field notes yielded two types of data related to
the connectivity between science and mathematics that occurs during the instruction. First, data revealed the
quantity and types of connections. In the following, the resulting pattern is discussed along with the scope of the
connections. Second, we realized that the unit includes mainly two themes, which are periodic table and
chemical equations, when investigated in terms of connections. There is another discussion about these themes
below.

The quantity and types of connections

The Turkish science and technology curriculum notices teachers about connections within the discipline and
between disciplines. For the unit investigated in this study, there was not a connection indicated in the
curriculum. However, during the observation we realized that many connections can be made for the content of
this unit. In order to draw conclusions about the scope of the connections, we investigated all connections made.

As a result, the teacher made connections between the topics and the following mathematical components:
symbolic representations, such as positive ions and negative ions; mathematical questions, such as how many
electrons, how many orbital, what is the number of electrons etc.; arithmetic, such as addition, subtraction, and
multiplication; counting for the number of electrons in each orbital; intersection and union, such as the joint use
of electrons; distributive property of multiplication over addition for the calculation of the number of atoms in a
compound; equations for the teaching of chemical reactions; the least common multiplier for the balancing of
chemical reactions; and equality for the number of atoms in each side of a chemical reaction.

These emerging codes were collected in two categories: verbal expressions related to mathematics (VERM) and
numeric expressions related to mathematics (NERM). The descriptions of the categories and the included coding
are represented in Table 1.
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Table 1. Summary of Connectivity Processes

Category label Description of the category Included Coding

Verbal Expressions Related to Establishing a connection between Mathematical questions
Mathematics (VERM) words related to mathematical Intersection and union
concepts Equality

Numeric Expressions Related to Establishing a connection between Symbolic representations
Mathematics (NERM) mathematical symbols and numerical
expressions Arithmetic

Distributive property of
multiplication over addition

Equations

The least common multiplier

Verbal expressions related to mathematics (VERM)

VERM is connected to the science unit “the structure and properties of matter” when an element was supposed
to be placed in periodic table based on its electron number or atomic number. Examples of this connection can
be seen in the following. The examples show how mathematical questions form VERM.

Usually, the questions that ask the quantity of something and questions that can be replied by numerical
expression are coded as mathematical questions. For example,

Teacher (T): How many orbitals are there in electron distribution?
T: What is the atomic number of the element?
T: How many electrons could it lose? (Field note)

Another coding in the category of VERM is found when a chemical bonding, specifically covalent bonding, is
described, such that

T: This time instead of they lose or gain electrons, they share the electrons each other.
T: They both need 1 electron so they use it together, they share this electron. (Video record)

Here the term ‘“share” is considered to be connection between science and mathematics because both the
explanation of the sharing of an electron and the illustration of two atoms sharing electrons are similar to the
mathematical expression of intersection and union. For example, while the teacher was showing atoms sharing
electron, she was drawing two circles which intercept in at least one point. When the number of electrons shared
is increased, the shape becomes more similar to the intersection of two sets, which is made up of the objects
contained in both sets. The teacher was aware of this similarity, and she explicated the sharing of electrons by
using mathematical intersection.

When a chemical reaction is represented with chemical formulas and equalities in the lesson, these were also
categorized as VERM. For example,

Teacher wrote on board: Fe + 02 - Fe203, and said that

T: This arrow (showing the arrow on the board) means “equal” in mathematics. (Field note)
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The teacher made the similarity between “arrow” and “equal” symbol explicit when she was writing a chemical
equation. The use of connection as in this example was coded as equality. Equalities in mathematics and in
chemical equations are similar in terms of the total number being the same in both sides of the equation. It is the
logic behind equating the number of atoms on both sides of chemical equation. That is, the number and the type
of atoms must be similar for a chemical equation to be equated. In the example, the number of atoms in the left
side of the chemical equation is 3, while the number of atoms in the right side is 5. A learner must know that the
number of atoms on both sides must be the same since it is an equation as in mathematics. Therefore,
mathematical symbols as in equations were also categorized as VERM.

Numerical expressions related to mathematics (NERM)

NERM is connected to the science unit “the structure and properties of matter” when the ionic charge of an atom
were shown. In the examples, the teacher explained the use of mathematical symbols, plus (+) and (-), to
represent the charge of the ions.

An ion is an atom or molecule in which the total number of electrons is not equal to the total number of protons,
giving it a net positive or negative electrical charge. Here mathematical symbols along with numbers show how
many electrons an atom loose or gain to be an ion. Therefore, these symbolic representations are categorized as
NERM.

T: When Na (Sodium) lost 1 electron, it becomes an ion. Then what would be its charge? +1.

T: Which group Ca (Calsium) is in? 2A, which means it has +2 ionic charge. (Field note)

Another coding in the category of NERM is found when calculating the number of electrons in orbitals, such
that

T: it tends to gain electron in order to complete the number of electrons in the last orbital to 8. Therefore, it
takes 2 electrons.

T: For F (Flourine), its electron distribution in orbitals likes 2 in the first orbital and 7 in the second.

T: It has 7 electrons. To complete the last orbital to 8, it would gain 1 electron. (Video record)

Here, the teacher used simple arithmetic calculations to show how to decide the total number of electrons an
atom has in order to be stable. Arithmetic calculations here require the use of numbers, which shows the
quantity of electrons, an atom has in its last orbital. Therefore, the arithmetic used in these examples is

categorized as NERM.

When calculating the number of atoms in a chemical compound, distributive property of multiplication over
addition is used. For example,

T: We have CaCl2 compound. What is the number of atoms in this compound?
Students (S): 1 Ca and 2 CI (Clorine).
T: Totally there are 3 atoms. Let’s do some mathematics: (she writes on board Fe2(CO3)3. (Field note)

We use the distribution property of multiplication over addition. We will multiply the number inside the
parenthesis with the number out of the parenthesis. How many number of atoms are there?

S: 3 Carbon and 9 Oxygen
T: You are right. 3 times 1 equals 3, there are 3 carbons; 3 times 3 equals 9, there are 9 oxygens. (Video record)
Distributive property of multiplication over addition is the common method to calculate the number of atoms in

a compound. In this process, the number just right side of the atomic symbol shows the number of atoms. The
calculation becomes complicated for students when the compound formula involves more than one atom and
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these atoms are shown inside a parenthesis. When some of the atoms are inside the parenthesis, the student
should use distributive property in order to find the number of atoms. The teacher in this study explicitly
informed students about the use of this mathematical property in the calculation of the number of atoms. The
use of distributive property in these examples requires numbers so it is categorized in NERM.

The NERM category also includes equations and the use of the least common multiplier. For example, when
equalizing the number of atoms in the reactants and the number of atoms in the products in a chemical reaction,
the teacher used the least common multiplier in order to equate chemical equation. Examples of this connection
can be seen in the following:

Teacher wrote on the board: Ag20 > Ag + 02, and invited one of the students on board to equalize the
chemical reaction. The student wrote: 2 Ag20 > 2Ag + O2. (Field note)

The teacher said that:

T: what happened to silver in this case? 4. How many in the products? 2. What should I do? Well, we should
multiply by 2, therefore we multiply with 4 (2 x 2).

Another way of equalizing this reaction is to make 2 oxygens in the products as 1. I should make 2 as 1. How
could I do that? I do multiplication, so (writing on the board)

2*x=1

Which number should I multiply with 2 to make it 1? | transfer 2 to the other side of the equation. Then x turns
to be %. (Video record)

In another case;

T: There are 2 oxygens. | want to make it 3. | should multiply 2 by such a number that it could be 3. (writing on
board)

2*x=3
x=3/2

T: If you don’t want to mass with the fractions, you should think about which number is the least common
multiplier for 2 and 3. That is 6. (Video record)

These examples illustrate the use of least common multiplier to equate a chemical reaction. It is used when the
number of atoms in one side of the chemical reaction equation is not equal to the other side, to equate the
number of atoms on both sides, one must identify the least common multiplier of the two sides. This process
requires the mathematical knowledge of the least and the most common multiplier. Therefore, here another
numerical expression in mathematics, that is the least common multiplier, needs to be used to equate the number
of atoms. Therefore, these kinds of connections are categorized under NERM.

In addition to the video records, field notes, and researcher’s logs provided above, the interview results
conducted with the teacher is another data source for the current study. The following interview scripts are some
of which were obtained from the teacher interview.

Researcher (R): How did you make connections between science and mathematics while planning the unit?

T: Itis hard to make connections in the current curriculum content. For this reason, | did not benefit much from
the mathematics curriculum. | transferred the mathematics subject that | found appropriate to be integrated to
my science course.

R: Is this valid for all units or only for the current unit?

T: Physics subjects are more appropriate to use mathematics in them. Sometimes, it is needed to consider the

objectives in the mathematics curriculum while teaching physics subjects. However, as | used basic
mathematical skills in this subject, I did not use the mathematics curriculum.
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R: Can you easily transfer mathematics objectives to science courses?

T: As it is the case in this lesson, | do not have difficulty in transferring and using basic mathematics. However,
I have problems in using upper grade mathematics. Sometimes, my mathematical knowledge is
insufficient.(Interview)

The teacher mentioned that it was difficult to integrate the current science and mathematics curriculum and
emphasized that it would be more appropriate to integrate the physics learning area which is under science
curriculum with mathematics. Moreover, the teacher pointed that in order to make connections between science
and mathematics, it is required that the teacher should have sufficient mathematics knowledge as well as science
knowledge. In addition, it was mentioned in the interview that the lack of content knowledge results in difficulty
in the integration of the two fields —science and mathematics.

Themes in the unit in terms of connectivity

For the unit “The structure and properties of matter”, the science and mathematics connection is established in
specific themes. One of the themes is periodic table, which involves the learning of metals, nonmetals, electron
distribution, determining the number of groups and periods, calculating the charge of ion, and placing the
electrons in orbitals. The second theme is chemical reactions, including calculating the number of atoms in a
compound, writing formulas for compounds, and equalizing the number of atoms in a given chemical reaction.
In both themes, there were VERM and NERM categories for science and mathematics connection. This
connection framework was presented as in Table 2.

Table 2. The Connectivity between The Unit Themes and The Categories

Categories for connectivity between Science and Mathematics

VERM NERM
Themes in the unit e.g. How many electrons are there e.g. there are 7 electrons, and it
“the structure and  Periodic Table in the orbitals? needs one more to complete to 8.
properties of
matter”
. e.g. How many oxygens are there e.g. there are 2 oxygens in the
Chemical - .
. in the products and the reactants? reactants, | want to make it 3
Reactions
oxygens.

During the instruction of the unit, the connections between science and mathematics are found to be inserted in
one of these themes.

Discussion and Conclusion

In this study, the teacher emphasized the science curriculum objectives in her classroom and she also allowed
the students to make connections between science and mathematics. There was no mathematics curriculum
objective in the teaching planning. Moreover, the teacher did not pay attention to the mathematics curriculum to
see if there are any objectives stated in the mathematics curriculum in regard to the content taught in the science
classroom. Rather, she presented various examples related to nature and real life in her teaching. Thus, the
number connections might not be as much as an experienced teacher would make. Considering the Kiray’s
(2010) content-centered balance model, the practice of the teacher in this study can be placed on the science-
centered mathematics-assisted integration part. Mathematics is regarded as an interval discipline (Kiray, 2012)
in this teacher’s class.

Although the teacher believes that physics is generally seen as allowing more connection to mathematics, in this
study, we observed that many connections are possible in other areas of science as well. For example, chemistry
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concepts such as positive and negative ions are presented as results of mathematical operations. As the
researchers, we think that these connections should be made clear to students in order them to comprehend that
disciplines are not separated from each other with strict lines but they are used connectively. Kiray and Kaptan
(2012) support this idea by indicating that the connectivity understanding can enhance the success of students in
transferring mathematics and science exceeding the scope of the class. Similarly, Kaya, Akpinar, and Gokkurt
(2006) and Kaya, Kesan, and Kaya (2011) showed evidence to the significant difference in academic
achievement in favor of the students who are taught by science-mathematics connectivity. However, warnings
should be made to prevent students to make faulty connections. For example, students should be made aware of
the distinctions between the use of superscripts to indicate the atomic number of an atom in chemistry and the
use of exponential numbers in mathematics.

In Turkey, there is a centralized examination system which forces the teachers to use discipline-centered
approach to teaching (Kiray, 2012; Venville, Wallace, Rennie, & Malone, 1998). That is, teachers cannot reflect
connectivity in their science or mathematics classrooms because neither the examination system requests them
to do so or the science or mathematics curriculum pay enough attention to the connections between science and
mathematics. The connectivity only pointed in the curriculum as a side option to the teacher. That is, the
connections between disciplines are given as proclamations in the curriculum but not as objectives. Therefore,
the teachers feel themselves restricted to follow the sequence of the curriculum in terms of both science and
mathematics objectives (Kiray, 2012). Similarly, the teacher in this study noted to the difficulty of following the
curriculum and the unharmonious sequence of the topics in two curricula in the interview. The teacher was first
responded to the question about connectivity in general. She stated that she experiences problems to connect
disciplines in science lessons. The main problem explained by her is the inconsistency between the curricula of
two courses. For example when the mathematics curriculum was far behind the science in terms of the use of
basic skills, it was hard for her to make the connections. This is true since the comparison data obtained in the
study by Ceken and Ayas (2010) showed that the concepts of ratios and proportions are located in the second
term of 6th grade at elementary level, but Science and Technology curriculum include such concepts in the first
term. To solve this problem, Ceken and Ayas (2010) proposed the placement of objectives of these subjects
simultaneously in the scope and sequence of curriculum planning. The researchers made important suggestions
regarding the examination of the potential objectives identified in the curricula in such a way that the related
skills would help the knowledge transfer across disciplines through an inter-disciplinary study method (Ceken &
Ayas, 2010). Therefore, in addition to teachers, we suggest the curriculum planners to focus on the connectivity
and harmony in planning teaching for connectivity.

Besides, the teachers’ content knowledge might not be adequate to teach the disciplines in connection. Baskan,
Alev and Karal (2010) indicated that teachers generally think that connectivity is necessary, but they don’t have
clear ideas in implementation of this connectivity and they hardly suggest a few integration or relation
techniques. As the teacher in this study indicated, though she feels adequate to teach connectivity, there is
insufficient knowledge about how to implement connectivity in a course and less or no training about
connectivity in teacher education programs. On the other hand, as Lehman and McDonald (1988) noted that
although teachers perceive themselves making many connections, they may not be successful in doing so as
frequently as they perceive. Therefore, we should focus on whether other connections are possible in a unit.
Although the teacher and us did not plan for connectivity but rather observe the case in this study, further
research may foresee the possible connections and evaluate the teachers’ adequacy based on these pre-planned
connections.

An important implication of this study is to see that teachers’ beliefs and their practices might differ about
connectivity but more important than that integration is justified only when it results with students’ enhanced
understanding of the subject. About the connection of mathematics and science, in the interviews, the teacher
noted that making connections between two courses make students perceive the topic more comprehensively.
She described the necessity of connectivity between mathematics and physics more urgent than the connectivity
in other areas of science because students which have a background in mathematics are more successful in
physics than the other students as observed by her. Moreover, the quantity of the connections may also differ
depending on the amount of interaction between the teacher and the students. However, it should be noted that
teachers should not feel that everything must be connected to be effective, it is quite important to make the
connections when it will provide a means for teachers and students understand the world from a broader
perspective (Lonning & DeFranco, 1997). In addition, as Kiray (2012) suggested, this study also supported the
importance of connectivity in program designs. If teachers are provided with good models of program designs,
they might start to integrate them into their own teaching, and this might lead their students to see the
connections between disciplines more effectively (Lehman & McDonald, 1988). However, it should also be
noted that connectivity in science classes does not directly cause to increased skills in science or mathematics,
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and increased appreciation for science. Therefore, Friend (1985) suggests connectivity for the students who have
the similar ability levels. Similarly, in the interviews, the teacher stated that students usually are not aware of the
connections made, and the teacher thinks that it is usually not necessary to explicitly mention about these
connections during the lecturing since it may distract the students’ attention.

There are a few researches about the connectivity in curriculum in Turkey. However, international studies
provide a strong rationale for connectivity in science and mathematics education that would be supported by all
stakeholders of science and mathematics education community (Dawson, Miller, & Metheny, 1995; Lederman
& Niess, 1998; McBride & Silverman, 1991). The educational researchers should pay attention to the
connections among disciplines since the curriculum is an integrated one in science and mathematics at
elementary level although not in the level of objectives.

Future research may focus on various options of connectivity and support the teachers to improve their self-
efficacy in achievement of total integration (Kiray, 2010; 2012). The necessity for the pre- and in-service
teacher training as well as the improvement of the program in terms of connections should not be ignored
(McBridei & Silverman, 1991). For in service science teachers, there might be workshops that include model
lessons and materials as well as opportunities to work collaboratively with mathematics teachers (Lehman &
McDonald, 1988). In addition, the research can be enriched with studies which investigate the connectivity in
different areas as well as daily life. Such an attempt to collaborative work would help to cross the invisible
boundaries in universities between science and mathematics educators, and would lead to grown shared
experience among scholars (Basista & Mathews, 2002). Follow-up studies, extended observations, and detailed
interviews as well as demographic information regarding the content knowledge of the teachers are needed to
understand the barriers in front of connectivity for further research (Berlin & White, 2010). Besides, an
alternative approach to connectivity might be to prepare connected curriculum instead of thinking each
discipline separately (Davison, Miller, & Metheny, 1995; Lederman & Niess, 1998). That is, connectivity
between science and mathematics might be combined into a single curriculum, which might be called as
“connected science and mathematics”.

As a recommendation, we may also suggest that the science educators should be aware of the deficiencies in
understanding mathematics concepts especially in chemistry education and be in cooperation with mathematics
educators in the fulfillment of mathematics content knowledge in teaching of science concepts. That is mainly
because, as Kurt and Pehlivan (2013) demonstrated, there are some obstacles in the efforts to make connections
between disciplines. The researchers stated that teachers’ lack of sufficient experience in implementing
connectivity since their pre-service or in-service training do not provide them with the opportunity to use it.
Therefore, we think that the cooperation between disciplines in terms of teaching programs and curriculum
planning would be helpful to overcome these barriers.
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