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Abstract

The aim of this study is to develop an integrated scientific and mathematical model that is suited to
the background of Turkish teachers. The dimensions of the model are given and compared to the
models which have been previously developed and the findings of earlier studies on the topic. The
model is called the balance, reflecting the significance of balance in the process of integration. The
balance model includes five dimensions: content, skills, the teaching-learning process, affective
characteristics, measurement and assessment. The goal of the balance model is to keep the
content/standards the same as their original values.
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1. Introduction

As a result of the recent increase in knowledge, it is necessary to categorise knowledge
that was previously classified as natural philosophy under different headings [1, 2]. At the
beginning of the last century, attempts at developing new disciplines and determining their
boundaries became popular, partly as a result of the positivist approach. The positivist
approach regards the world as the sum of small and independent parts, and adopts the view
that a detailed examination of these parts would produce a better understanding of the whole
[3, 4]. This approach provided the philosophical background for discipline-based educational
programmes. However, the need to connect the separate disciplines became apparent as the
parts were further differentiated. Therefore, pragmatic assumptions replaced positivist
assumptions. Pragmatic philosophers point out that knowledge is a single entity in daily life
and that knowledge cannot be contained in a single discipline. Therefore, instead of reaching
the whole through its parts, the whole should be used in order to reach the parts. This view,
which contradicts the discipline-based approach to education, has resulted in the integrated
curriculum approach in the field of education.
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1. 1. Integrated curricula

The concept of integration is not new in terms of educational programs [5]. The integrated
curriculum approach appeared with the project approach in the USA during the 1920s. It was
called the core curriculum during the 1930s and the problem-centred core curricula during the
1940 and 1950s. During the 1980 and 1990s, it was termed the multidisciplinary,
interdisciplinary and transdisciplinary curricula [6]. Dewey’s report influenced teacher
training in the 1930s and the elementary curricula in 1948 in Turkey. The elementary
curricula of 1948 consisted of an approach whereby all courses were integrated under the
headings of life sciences, natural sciences and family knowledge. This curriculum, which
focussed mainly on social issues in a period in which the world had become highly polarised,
was criticised because of its weakness in terms of scientific content. These criticisms led to a
further division of courses in 1968, when science and mathematics were first included in the
middle school curricula as separate courses. The science course in this curriculum was a
combination of physics, chemistry and natural sciences [7]. It was called complete science in
1976, and its science content was separated from its mathematics content, as it is in the
current science and technology course. In the same curriculum, the mathematics course was
called modern mathematics, and its connection to other courses was completely eliminated. In
other words, modern mathematics was purely mathematics, while complete science was
purely science [7]. The same approach is also dominant in the current educational approach
and its implementation in Turkey. In the middle school curricula, the connections between the
science course and the mathematics course are minimal, if there are any [8]. Although
attempts at an integrated curriculum were first made at least a century ago, many countries
(including Turkey) have not paid any attention to these attempts. Instead, a strict, discipline-
based approach to the curriculum is common in these countries.

1. 2. The need to connect science and mathematics

The need to connect the disciplines which are included in school curricula has been
intensely discussed and emphasised in recent studies [9-19]. It is certain that this need exists
for all disciplines. However, this is particularly true of certain topics in the courses of science
and mathematics. The disciplines of mathematics and science are much more suitable for
integration because of their fields of application and their mutual scientific approach towards
problem-solving [20]. Science and mathematics are two closely related systems of knowledge;
they are both related to the physical world, and science provides concrete samples, while
mathematics provides abstract samples [21, 22]. The belief, held by mathematicians, that
mathematics can be learned more meaningfully when its techniques are employed for the
resolution of problems which are outside of the field of mathematics [14, 17, 23] can be
reinforced and realised through the adaptation of scientific content and processes in the
problems used in mathematical studies [14-16, 19]. On the other hand, some studies have
concluded that the transfer of mathematical content or skills into a science course can
positively affect the students’ understanding [2, 24-27]. Moreover, many researchers have
stated that using mathematical quantitative knowledge when explaining scientific concepts
leads to a deeper understanding on the part of the students [22, 23, 28-31]

1. 3. Previous views on the integration of science and mathematics

The recognition of the interrelationship between science and mathematics has naturally
increased the number of the studies on this topic. However, as observed in other fields of
study, different terms and concepts are used to refer to the same (or at least similar) facts or
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assumptions. This leads to contradictions regarding the understanding of the connections
between the two [13]. In the relevant studies, many different terms are used to refer to the
integration of science and mathematics, such as blended, connected, correlated, core,
cooperation, coordinated, cross-disciplinary, fused, immersed, integrated, integrative,
interactions, interdependent, interdisciplinary, linked, multidisciplinary, nested, networked,
thematic, threaded, transdisciplinary, sequenced, shared, unified and webbed [32-38]. Some of
these terms are used as if they were interchangeable. However, some of them have different
meanings as a result of the different methods used for the integration of science and
mathematics. As these terms are used in the studies dealing with the integration of science and
mathematics, they may be included under the heading of integrated science and mathematics
[32, 33, 38-40]. Using more terms naturally leads to a greater variance in the definitions
developed for the integration of science and mathematics.

Berlin and White [41] defined the integration of science and mathematics as a technique in
which scientific methods are used in a mathematics course while, at the same time, the
methods of mathematics are employed in the science course, meaning that the two courses
cannot be distinguished. Berlin and White [33] suggested that in order to decide whether or
not science and mathematics are fully integrated, an independent person should observe the
course. If s/he cannot distinguish the course as being either a science course or a mathematics
course, then it can be said to be fully integrated. Lederman and Niess [35, 42], Roebuck and
Warden [43] and Huntley [1] all defined the integration of science and mathematics as a
situation in which science and mathematics are fully blended at a level to an extent where
neither can be perceived as a separate discipline. Lehman [44], Frykholm ve Glasson [45] and
Furner ve Kumar [46], on the other hand, focussed on the expansion of the naturally
overlapping topics in science and mathematics in order to increase the connections between
these two disciplines. These comprehensive perspectives lead to the question of whether an
integrated scientific and mathematical curriculum can be implemented and realised.

1. 4. Towards an integrated programme of science and mathematics

Jacobs [47] proposed several ways in which the curricula could be integrated. One of the
methods proposed by Jacobs is the parallel discipline design. According to this perspective,
teachers should design the course in such a way that similar fields within the disciplines meet
each other. Therefore, the content itself is not altered, as only its appearance is changed.
Teachers do not intervene, except for the simultaneous organisation of the topics. This
perspective is similar to the sequenced model as proposed by Fogarty [48]. In Fogarty’s
connected and shared models, it 1s argued that disciplines should be separate and that only
when disciplines have similar points should connections be developed [49]. In the shared
model, unlike the connected model, overlapping topics in separate disciplines are identified,
whereby two disciplines deal simultaneously with these overlapping topics [48]. Vars [50]
stated that such integrative approaches are the simplest versions of integration. Jacobs’ and
Fogarty’s general views on curricula can be used for the cases of science and mathematics.
However, there are other views which suggest the direct integration of science and
mathematics.

Kren and Huntsberger presented three methods for the integration of science and
mathematics: (a) teaching mathematical concepts first, and then using them in the science
course; (b) familiarising the students with mathematical concepts in the science course and
then presenting them in the mathematics course; and (c) the simultaneous presentation of
scientific and mathematical concepts (cited [21]). Hurley [51] dealt with the integration of
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science and mathematics through a meta-analysis of the process of integration, and developed
five categories of integration as follows: (a) sequenced integration, in which science and
mathematics are taught sequentially; (b) partial integration, in which some topics in science
and mathematics are taught in combination, while other topics are taught separately; (c)
enhanced integration, in which either science or mathematics is chosen as the major
discipline, and the other is taught in connection with the major discipline; (d) total integration,
in which science and mathematics are taught together as equally important; and (e) parallel
integration, in which the science and mathematics curricula are taught separately and
simultaneously.

Hurley [51] and Kren and Huntsberger (cited [21]) also developed categories of integration
that can be regarded as content-centred or content-based. One of the studies dealing with the
organisation of content for the integrated curriculum emerged at the end of Cambridge
conference [52]. Lonning and DeFranco [53], Huntley [54] and Roebuck and Warden [43],
using this study, developed three models which are in fact very similar to one another. All
three models include a similar continuum as shown in Fig. 1.

| | | | |
| | | | |
Nath for Science with Nath and Science Nath with Science for
math math Science science

Fig. 1. Continuum included in the models.

As seen above, in the middle of the continuum, there is a category in which science and
mathematics are totally blended. At the two opposing ends of the continuum, there are science
and mathematics courses that exist independently without any connection between them. At
the intervening points between the two ends and in the middle, there are two variances of
integration in which either science or mathematics is at the centre and the other discipline is
used as a vehicle. Lonning and DeFranco [53], Huntley [54] and Roebuck and Warden [43]
developed models of integration which present cognitive possibilities on a continuum.

Davison, Miller and Metheny [55] developed five different types of integration, including
content integration. These were: (a) discipline specific integration; (b) content specific
integration; (c) process integration; (d) methodological integration, and (e) thematic
integration. It can be argued that each step included in the model by Davison et al. [55] is
consistent. However, they preferred to use only one of these integration categories in the
model’s implementation. Furthermore, the question remains as to how these categories may
be used as an overall approach. Berlin and White [34] developed a model in which various
aspects of instruction are taken into consideration.

Berlin and White’s [34] BWISM (The Berlin-White Integrated Science and
Mathematics) model includes six steps, as follows: (a) ways of learning; (b) ways of knowing;
(c) process and thinking skills; (d) content/conceptual knowledge; (e) attitudes and
perceptions, and (f) teaching strategies. The BWISM model provides very general
background information with regard to the integration of science and mathematics. However,
how content knowledge can be integrated and the positions of the disciplines in the
integration process are not clearly given. Therefore, these points can be regarded as
weaknesses of the BWISM model, given the integration approaches proposed by DeFranco
[53], Huntley [54], and Roebuck and Warden [55]. On the other hand, it has several advantages
over the other models of integration in terms of its focus on affective characteristics, skills,
teaching methods and the aspects of measurement and assessment.
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There are various views and models which deal with the integration of science and
mathematics. It is commonly stated that there is no single view regarding the ideal integration
[1, 13, 29]. Some researchers argue that studies regarding the integration of science and
mathematics are still perceived as unclear [15, 56]. Therefore, the aims of this study are to
clarify the existing studies concerning the integration of science and mathematics and to
develop a theoretical model of integration to be used in Turkey where discipline-centred
curricula are dominant in the implementation of teaching. This model will be proposed using
the findings and views of previous studies. It can be stated that the model developed in this
study is an alternative model of instruction for countries such as Turkey in which content is
sometimes not adequately emphasised due to the use of centralised national examinations.

2. A new programme: The balance model

The studies by Berlin and White [34], Davison et al. [55], Lonning and DeFranco [53],
Roebuck and Warden [43] and Huntley [1, 54] were introduced to middle school science and
mathematics teachers as well as to student teachers at a university in 2007. The teachers were
then asked to design and implement an integrated science and mathematics programme based
on the findings of these studies. At the end of the implementation process, neither the teachers
nor the student teachers had successfully developed an integrated programme. However, the
participants’ views of this process were collected [57, 58] and combined with the findings of
previous studies, which helped us to develop the balance model featured in this study.
Scientific and mathematical content was central to the preparation of this model. The
mathematical and scientific content complemented the development of skills, teaching-
learning processes, affective characteristics and measurement and assessment approaches in
the balance model.

2. 1. Content knowledge

As previously stated, Lonning and DeFranco [53], Huntley [54] and Roebuck and Warden
[43] all used a continuum in their models regarding content. In the balance model, however,
balance replaces the continuum. As the model is an attempt to design a long-term curriculum,
the balance between science and mathematics needs to be preserved. For instance, if a
curriculum is designed for one year, the integrated curriculum should not favour science over
mathematics. Balance should be achieved by giving an equal share of time to both disciplines
in the process. The balance model was preferred, as it represents an equal integration of the
content of both disciplines in this study (Fig. 2).

BALANCE MODEL

Math-Centred Math-Intensive Science-Intensive Science-Cenired
Science- Assisted ||Science-Connected Math-Connected Math- Assisted
NMathematics Integration Integration Integration Integration Science

TOTAL INTEGRATION

Fig. 2. Content knowledge for the balance model.
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2. 1. 1. Mathematics

This is a course in which only mathematical outcomes are taken into consideration. At this
level of the curriculum, integration is limited to in-class connections. The basic form of
integration is the integration of mathematics and the activities of daily life. During this
integration process, some scientific concepts can be transferred into the mathematics course
without any attention being paid to the scientific curriculum. In other words, without aiming
to improve any of the concepts, skills or outcomes included in the scientific curriculum, basic
scientific skills and concepts can be used in the integration of mathematics and the activities
of daily life.

2. 1. 1. 1. Mathematics-centred science-assisted integration (MCSAI)

This is an approach in which the mathematical outcomes are basic, and science is regarded
as an interval discipline. The integration of science and mathematics can be achieved through
the organisation of scientific and mathematical topics (parallelism, priority and secondary
topics) so as to make it possible for the students to transfer these topics themselves.
Mathematical outcomes can be reinforced by transferring scientific content at the appropriate
points. The scientific content being transferred should preferably be taken from the scientific
curriculum. However, other scientific content that is not included in the scientific curriculum
can also be used to give examples from nature and daily life in the mathematics course.

2. 1. 1. 2. Mathematics-intensive science-connected integration (MISCI)

In this type of integration, mathematical outcomes are dominant. The connections between
the content outcomes make the mathematics course closer to the science course. In terms of
the transfer of content into the mathematics course, not only the prerequisites of the
mathematics course but also those of the science course are taken into consideration. The
outcomes that are to be learned simultaneously are identified. If the outcomes are suitable, the
courses are simultaneously combined. During the planning phase, whether or not the
mathematics outcomes to be acquired are the prerequisites of the future science outcomes is
carefully considered. One of the aims of the course is the full acquisition of the mathematical
outcomes at the end of the teaching-learning process. However, although the scientific content
of the course is intense, the aim is not the students’ acquisition of the full outcomes of the
science unit.

2. 1. 1. 3. Total integration (TI)

In total integration, the target is to devote an equal share of the integrated curriculum to
science and mathematics. Neither of the courses is regarded as the core of the curriculum.
This course can be called either science-mathematics or mathematics-science. Separate
science or mathematics outcomes do not exist. An independent person observing the course
cannot recognise the course as a purely mathematical or a purely scientific course. One of the
aims of the course is to help the students to acquire all of the outcomes of the science course
as well as the mathematics course.

2. 1. 1. 4. Science-intensive mathematics-connected integration (SIMCI)

In this type of the integration, the focus is the outcomes of the science course. The science
course becomes closer to the mathematics course through the connections between the content
outcomes. Both the scientific prerequisites and the mathematical prerequisites are taken into
consideration through their transfer into the science course. The outcomes to be learned



S. A. Kiray / EEST Part B Social and Educational Studies 4 (2012 1181-1196 1187

simultaneously are identified. If the outcomes are suitable, the courses are simultaneously
combined. During the planning phase, whether or not the science outcomes to be acquired are
the prerequisites of the future mathematics outcomes is carefully considered. One of the aims
of the course is the full acquisition of the scientific outcomes at the end of the teaching-
learning process. However, although the mathematical content of the course is intense, the
aim is not the students’ full acquisition of the outcomes of the mathematics unit.

2. 1. 1. 5. Science-centred mathematics-assisted integration (SCMAI)

This is an approach in which the scientific outcomes are basic and mathematics as a
discipline is regarded as an interval discipline. The integration of science and mathematics
can be achieved through the organisation of mathematical and scientific topics (parallelism,
priority and secondary topics) in such a way as to make it possible for the students to transfer
the topics themselves. The outcomes of the science course are reinforced by transferring
mathematical content at the appropriate points. The mathematical content which is transferred
should preferably be taken from the mathematical curriculum. However, other mathematical
content that is not included in the mathematical curriculum can also be used to give examples
from nature and daily life in the science course.

2. 1. 2. Science

This is a course in which only the outcomes of the science course are taken into
consideration and regarded as basic outcomes. At the level of the curriculum, integration is
limited to in-class connections. The basic form of integration is the integration of science and
the activities of daily life. During this process of integration, some mathematical concepts can
be transferred into the science course without any attention being paid to the mathematical
curriculum. In other words, without aiming to improve any of the concepts, skills or outcomes
included in the mathematical curriculum, basic scientific skills and concepts can be used in
the integration of science and the activities of daily life.

The traditional discipline-centred approach to the curriculum advocates that the content of
the separate disciplines be taught separately in class, and when that when necessary outside of
school, students can use the topics they have learned [11]. Teachers transfer the course content
completely within the predetermined time period. It has been concluded that students in the
US taking courses in which progressive instruction was used in a democratic school climate
were deficient in terms of their knowledge of the course content. In addition, it was found that
their level of achievement in examinations was lower than that of other students in different
countries where a traditional discipline-centred curriculum was implemented before the
Second World War [60, 61]. There are certain reasons for a lower degree of commonality in
the integrated curriculum, such as missing content knowledge from the various courses or
losing emphasis on certain topics. However, some educational researchers who have
recognized these drawbacks argue that integration can be achieved while keeping the content
knowledge and standards of the disciplines as they are [25, 29, 47, 62]. The balance model also
shares this view and one of its ultimate goals is to keep the content outcomes in their original
form.

Meier et al. [28] argued that teachers should not only focus on the similarities between the
science and the mathematics courses, but should also be aware of the differences between
them. Therefore, both sides of the balance model take this sensitive subject into consideration.
It predicts that unsuitable parts of both courses should be taken into consideration during the
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planning phase, so that the differences between the courses can be emphasised and these
differences can also be placed on the sides of the balance. In the discipline-specific integration
model by Davison et al. [55], in-class connections are regarded as significant. The balance
model also pays attention to in-class connections as well as intercourse connections. In this
regard, it is consistent with the assumptions of Davison et al. [55]. Berlin and White [41]
emphasised that making the disciplines too close may lead to significant philosophical,
methodological and historically distinctive points being missed. Therefore, the balance model
regards the steps outside of the integration of science and mathematics as components of the
integration process. It also pays attention to the negative side effects of attempts at total
integration. It attempts to achieve partial integration without eliminating the differences
between science and mathematics in SCMAI while taking into consideration the steps of the
MCSAL Thus, the basic characteristics of science and mathematics remain in their original
form in these steps.

The other feature of this model is that it considers the differences between theory and
practice. Generally speaking, identifying a point in a continuum remains does not progress
past a theoretical attempt. Developing and implementing a curriculum based on a
predetermined point in the continuum is generally not possible. The integrated scientific and
mathematical curriculum, when it is implemented, appears to be at the left or right sides of the
predetermined point in the continuum [1, 43, 54]. Therefore, the content of the balance model
includes, not a predetermined point, but an interval and entities moving within this interval.
During the description phase, it is estimated that integration will occur between the points and
a full description can be realised using this possibility. For instance, a curriculum could be
designed between the mathematical and MCSAI points. In this case, the practitioner may
name his curriculum based on his view of which point it is closest to. Alternatively, it could
be stated that the curriculum occurs at the mid point of the two courses. If a curriculum is
between SIMCI and T1, and if it is closer to TI, it is called total integration (and vice versa).

MISCI and SIMCI are the results of designing curricula over long periods. Sometimes it is
necessary for the goals of a course to be set immediately. In this case, the other course
included in the integration process may be taught later on. Thus, the goals of one course are
fulfilled, whereas the goals of the other course may be cancelled. A strong sense of pre-
learning can be regarded as a goal of instruction. However, sometimes a curriculum that was
developed for the purposes of total integration can be regarded as mathematics-intensive or
science-intensive. These sub-steps are significant in that they indicate the available options
other than total integration. However, the balance model attempts to achieve total integration
at the points where the goals of the two courses can be properly combined. Similarly to
Lonning and DeFranco [53], Roebuck and Warden [43] and Huntley [54], it focuses on the
value and priority of total integration.

2. 2. Skills

The skills dimension of the balance model was developed according to the mathematical
and scientific skills included in the sixth, seventh and eighth grade curricula of MEB. The
scientific skills included in these curricula of the MEB [17] are given in Fig. 3.

Some of the mathematical skills are taken from the mathematical curriculum of the MEB
[63]. These are problem solving, reasoning, communication and forming connections. NCTM
[14], on the other hand, includes the skill of representation as well as these skills. Therefore,
the mathematical skills are as follows (Fig. 4).
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Fig. 4. Skills involved in the mathematics courses in the 6th, 7th and 8th grade curricula of the
MEB and NCTM.

The skills which are common to both courses can be developed as they are used in both
courses. In developing the common skills of the model, the mathematical skill of
communication and the scientific skill of presentation are combined under the heading of
communication, as both skills refer to the same concept. Furthermore, the mathematical skill
of representation and the scientific skills of data processing and model development are
combined under the heading of data processing and model development, as once again these
two skills refer to similar concepts. The balance model divides these skills into two
subgroups, namely primary skills and secondary skills (Fig. 5).

7 7 Connections ™. N

e ‘ Problem solving H Reasoning ‘

‘ Reaching conclusions and interpreting ‘ \ \

‘ Organizing data and formulating models ‘
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Fig. 5. Common skills that are regarded as primary.

The primary common skills include all mathematical skills and frequently used scientific
skills. The secondary common skills, on the other hand, include all mathematical and
scientific skills (Fig. 6).
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Fig. 6. Common skills that are regarded as secondary.

Mathematical skills are improved in both courses [31]. In the studies dealing with the role
of skills in the integration of science and mathematics [28, 43], common primary skills (or at
least some of them) are called common skills. Such descriptions may be a result of the view
that simple connections between science and mathematics can be seen as the integration of
these two disciplines. On the other hand, the ease of developing simple connections between
two courses and the fact that these connections are mostly natural make the improvement and
implementation of primary skills easier.

The balance model considers mathematical skills as common skills which are independent
of the integration approaches adopted in their implementation. The reason for dividing skills
into two subgroups is the scientific skills. More specifically, some scientific skills may be
included in the mathematics course. However, this is not very common in practice. Generally
speaking, the scientific skills of observing, predicting, estimating, measuring, collecting data
and information, recording data, organizing data and formulating models, interpreting and
inferring, communicating, concluding, comparing and classifying are reinforced and
improved as well as being frequently used by mathematicians [31]. Therefore, these skills,
together with mathematical skills, can be regarded as common skills in the integration of
science and mathematics. In discovery/inquiry-based mathematics courses, it is common to
use simple materials which are easy to develop and use. In the science course, on the other
hand, both simple experiments and more complex ones requiring the use of a laboratory are
included [17]. Thus, most of the primary common skills outlined above are used and improved
upon in the science and mathematics courses.

An integrated scientific and mathematical curriculum can be achieved either by developing
connections between these two courses or by fully integrating them. If the integration method
is adopted, experiments can also be used in mathematical activities and in the mathematics
course. Therefore, it is possible to argue that each experiment or activity begins with a
problem and a hypothesis that contains a temporary solution for the problem [34, 64]. This
method improves students’ skills, including collecting information through experimentation in
the mathematics course. If the problem and the hypothesis are identified, the students will
begin to use their skills of identifying the variables, controlling and changing them. Then, the
skills of organizing the experiment and its design need to be incorporated into the process. In
mathematics tuition, in which experimentation and/or activities are regarded as basic entities,
the skills of being familiar with experimental tools and equipment as well as using them
naturally are improved in the process. These skills become prior common skills in an
integrated approach in which the borders of science and mathematics disappear. In the fully
integrated approach, all of the skills involved in the scientific process can be accepted as
common skills for the courses of science and mathematics [34]. On the other hand, the balance
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model divides the skills to be improved into two subgroups (primary and secondary skills)
based on the integration category adopted. For the category of MCSAI, the skills of SCMAI
are regarded as primary common skills, while for the SIMCI, MISCI and TI, these are
regarded as secondary common skills.

Most studies have indicated that integration is only possible in regard to skills, and most
studies focus on skills [13, 30, 49, 55]. Those who have adopted this view aim to improve
problem solving and scientific processing skills, and consider the course content as merely a
vehicle for the improvement of skills. The balance model is not consistent with this view.
Instead, it argues that skills should complement the content in order to be improved. In this
sense, teachers may encounter difficulties in developing the curriculum and instructional
materials. However, their achievements would be greater. The most significant outcome is the
elimination of the possibility that students will acquire incomplete content knowledge.

2. 3. The processes of teaching and learning

The integrated scientific and mathematical curriculum regards the mathematics course as
an experimental or quasi-experimental discipline, like the science course, in which the
processes of discovering, finding and experimenting are also used for collecting information.
This requires the use of the same instructional methods, techniques and strategies in both
courses. The process of teaching-learning is designed following the principles of the
constructivist approach. The teaching-learning process is organised based on the view that the
teaching-learning process in the science course affects that of the mathematics course, and
vice versa. The teaching methods, technique and strategies to be employed are determined
taking into consideration the options of either transferring content and skills from the other
course or totally integrating the two courses.

This assumption of the balance model is consistent with the views presented in the relevant
research. Due to the fact that the mathematics course, like the science course, allows for the
adoption of a constructivist approach to teaching [8, 65-68], in the integrated science and
mathematics curriculum, a teaching-learning process that is suited to the constructivist
approach and in which students are active participants in the process can be used [15, 25, 34,
64].

Some researchers argue that the only possible way in which to achieve integration is
through the use of instructional methods and techniques [6, 30, 55, 69]. However, the balance
model follows the ways in which the content and skills are first identified and the teaching
methods that are consistent with the constructivist approach are selected. In other words, the
instructional method is the determining factor for the integration category to be used. Instead,
the instructional method is one of the significant vehicles with which to achieve the
integration type which is adopted for implementation.

2. 4. Affective characteristics

Previous research has indicated that there is a significant relationship between achievement
in the fields of science and mathematics and the affective characteristics of the students [70-
72]. The balance model assumes that there are various and numerous factors affecting the
learning of science and mathematics and that these factors have interrelated effects. One such
factor is the affective characteristics of the students. The balance model assumes that when
the curriculum is implemented, scientific achievement is not only affected by the affective
characteristics which are related to scientific achievement or learning, but also by the
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affective characteristics which have an effect on mathematical achievement or learning. The
same is also true for achievement and learning in mathematics. When science and
mathematics are successfully integrated, students’ anxiety about mathematics may affect their
scientific learning and vice versa. This influence is not limited to the anxiety about
mathematics or self-efficacy in the field of science. It is observed in all affective variables,
such as self concept, interest, attitude and motivation in both science and mathematics. These
cross effects can dominate the total integration, while these effects may occur less in SCMAI
or MCSAI Therefore, practitioners should be aware of not only the contents and skills
involved in both courses, but also of the affective characteristics of the disciplines, in order to
implement the integrated scientific and mathematical curriculum successfully.

These affective characteristics may have positive or negative effects on the integrated
curriculum. It is well-known that the affective characteristics of students in regard to the
course content to be learned have significant effects on their learning and achievement. When
the courses are integrated, it is difficult to predict the interaction of the affective
characteristics. Kiray [8] concluded that some students either like or dislike the integrated
scientific and mathematical curriculum based on their previous affective attitude towards
either of the courses. However, other students previously like one these courses, and their
attitude towards the integrated scientific and mathematical curriculum is positive. On the
other hand, there are also students who dislike one of the courses but like the other, who
reported that they lost interest in the integrated course. Singh et al. [73] suggested that
curricular or co-curricular activities related to science and mathematics should be used in
order to improve the student’s motivation towards their courses. Related studies have also
argued that affective variables of science and mathematics courses should not be analysed in
terms of linear relationships. The balance model argues that teachers should be informed
about the students’ affective characteristics in regard to their science and mathematics courses
before implementing the integrated scientific and mathematical curriculum. Berlin and White
[33] stated that affective characteristics (such as attitudes) belonging to either of the fields of
science and mathematics can influence those of the other. The balance model accepts this
view. Therefore, it emphasises that designers and practitioners of the integrated curriculum
should not ignore the importance of affective characteristics.

2. 5. Measurement and assessment

Measurement and assessment cannot be dealt with independently from the teaching-
learning process. An integrated science and mathematics curriculum in which a constructivist
approach is adopted should include a process of measurement and assessment that is
consistent with the principles of the constructivist approach. Therefore, a measurement and
assessment procedure in which not only content knowledge but also process is evaluated
should be employed. Based on the category of integration which has been adopted, science
and mathematics teachers may carry out the measurement and assessment process separately
or collaboratively. When TI is used, the criteria for measuring and assessment should be
common for mathematics and science. On the other hand, if the SCMALI is preferred, the
criteria developed for the science course may contain significant criteria for the mathematics
course. For instance, the skills of the four major mathematics activities, problem-solving or
ratios can be included in the measurement and assessment criteria. In the SIMCI category, on
the other hand, the criteria for mathematics may be included at higher levels. However, the
rate of the mathematical criteria should not exceed the rate of the scientific criteria. Although
the balance model does not totally reject the traditional methods of measurement and
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assessment, it also employs alternative and authentic methods, as it is also an attempt to create
a process of assessment. It requires that all of the predetermined goals of the instruction
process should be completely measured at the end of the curriculum implementation. The
balance model is consistent with the views of Berlin and White [33] and Czerniak et al. [13]
regarding the fact that an integrated science and mathematics curriculum should contain
alternative and authentic measurement and assessment techniques. However, since such
assessment techniques do not exist, they should be developed either by the programme’s
designers or by practitioners.

3. Conclusions and implications

Although the interaction between mathematics and science was first recognised a long
time ago, teachers cannot reflect this close relationship under the current curriculum. One of
the reasons for this disability is that a discipline-centred curriculum is dominant [1, 29, 74,
75]. Teachers have to limit themselves to the science course or the mathematics course due to
the current curricula. Therefore, they may feel that they are unable to teach the other course
[2, 74, 76]. The balance model takes this fact into consideration and offers the teachers a
variety of integration options. Teachers who use the SCMAI and MCSAI models, which can
be regarded as simple versions of an integrated curriculum, may improve their self-efficacy
and achieve total integration over time.

There are several studies suggesting that quality improvement in the education of science
and mathematics is possible with various methods and techniques of teaching [77-83].
Nevertheless, this study revealed the importance of integrated program design. There are a
few experimental studies on the integration approach. Most of these studies involved asking
teachers to develop and implement an integrated science and mathematics curriculum. The
other practice regarding an integrated curriculum involves teachers or student teachers being
given the general heading of “science and mathematics integration” and then asked to develop
and implement an integrated curriculum based on their own understanding. In such practices,
teachers and student teachers cannot achieve the goal of developing and implementing an
integrated curriculum due to their deficit of theoretical knowledge about the subject. The
balance model has been designed in order to explain the process and related processes in
detail to the teachers as well as to student teachers. The advantageous dimension of the model
for teachers is that it allows the curriculum to be designed over a long period of time. Thus,
instead of acting immediately, teachers may have longer periods of planning.

As the balance model does not ignore content-specific knowledge, a significant
disadvantage for the implementation of the curriculum in countries (including Turkey) in
which centralised examinations are frequent is eliminated. Therefore, parents’ anxiety will
also be eliminated as the content is studied in full. As the model meets the expectations of
both parents and educational institutions, teachers can employ the model easily.

It could be suggested that teacher training institutions may employ the balance model in
order to teach student teachers how to integrate science and mathematics as well as the related
content, skills, affective characteristics, teaching methods, assessment methods and
approaches. Training teachers using this model may contribute to the common usage of an
integrated scientific and mathematical curriculum.

References

[1] Huntly MA. Theoretical and empirical investigations of integrated mathematics and science
education in the middle grades with implications for teacher education. J Teacher Educ
1999;50:57-67.



1194 S. A. Kiray / EEST Part B Social and Educational Studies 4  (2012) 1181-1196

[2] Kiray SA, Kaptan F. The effectiveness of an integrated science and mathematics programme:
Science-centred mathematics-assisted integration. Energy Educ Sci Technol Part B 2012;4:943-
956.

[3] Roth WM. Problem-centered learning for the integration of mathematics and science in a
constructivist laboratory. A case study. School Sci Maths 1993;93:113-122.

[4] Sonmez V. Bilim felsefesi. An1 Yayincilik. Ankara, Turkey, 2008 [in Turkish].

[5] Loepp FL. Models of curriculum integration. J Technol Stud 1999;25:21-25.

[6] Drake MS, Burns CB. Meeting standards through integrated curriculum. USA: ASCD, 2004.

[7] Gucum B, Kaptan F. Diinden Bugiine Ilkgretim Fen Bilgisi Programlar1 ve Ogretim. H.U. Egit
Fak Derg 1992;8:249-258 [in Turkish].

[8] Kiray SA. Ilkdgretim ikinci kademede uygulanan fen ve matematik entegrasyonunun etkililigi.
PhD., Hacettepe University, Ankara, Turkey, 2010 [in Turkish].

[9] Rutherford FJ, Ahlgren A. Science for All Americans. New York: Oxford University Press.
American Association for the Advancement of Science, 1990.

[10] Lorson MV, Heimlich JE, Wagner S. Integrating science, mathematics and environmental
education: Resources and guidelines. J. Sci Teacher Edu 1993;4:92-96.

[11] Wicklein RC, Schell JW. Case studies of multidisciplinary approaches to integrating
mathematics, science and technology education. J Technol Educ 1995;6:59-76.

[12] Lonning R A, DeFranco, T C., Weinland, T P. Development of theme-based, interdisciplinary,
integrated curriculum: A theoretical model. School Sci Maths 1998; 98: 312-319.

[13] Czerniak CM, Weber WB, Sandmann JA, Ahern J. School Sci Maths 1999; 99: 421-430.

[14] NCTM. Principles and Standards for School Mathematics. NCTM, Reston, VA, 2000.

[15] Pang J, Good R. A review of the integration of science and mathematics: Implications for further
research. School Sci Maths 2000;100:73-81.

[16] Koirala HP, Bowman JK. Preparing middle level preservice teachers to integrate mathematics and
science: Problems and possibilities. School Sci Maths 2003;103: 145-154.

[17] MEB. Science and technology curriculum. Retriev. Oct. 18, 2010 http://ttkb.meb.gov.tr/ogretmen.

[18] West S, Vasquez-Mireles S, Coker C. Math and/or science education: Separate or integrate? J.
Mathematical Sci and Maths Edu 2006; 1: 11-18.

[19] Berlin DF, White AL. Preservice mathematics and science teachers in an integrated teacher
preparation programme for grades 7-12: A 3-year study of attitudes and perceptions related to
integration. Int J. Sci Maths Edu 2010;8:97—-115.

[20] NRC. National science education standards. Washington, DC: National Academy Press, 1996

[21] McBride JW, Silverman FL. Integrating elementary/middle school science and mathematics.
School Sci Maths 1991;91:285-92.

[22] Basista B, Mathews S. Integrated science and mathematics: Professional development programs.
School Sci Maths 2002;102:359-370.

[23] Park HS. Development of a mathematics, science, and technology education integrated
programme for a maglev. Eurasia J. Maths, Sci and Technol Edu 2006; 2(3): 88-101.

[24] Bassok M, Holyoak KJ. Interdomain transfer between 1somorphic topics in algebra and physics. J
Exp Psych Learn Mem Cogn 1989;15:153—-166.

[25] Satchwell RE, Loepp FL. Designing and implementing an integrated mathematics, science, and
technology curriculum for the middleschool. J. Industrial Teacher Educ 2002; 39(3): 41-66.

[26] Kiray SA. Ilkogretim 7. Siniflarda Fen Bilgisi Dersinde Uygulanan Problem Cozme Stratejisinin
Ogrencilerin Kavramlari Anlama ve Problem Cozme Performanslari Uzerine Etkisi. Master
Thesis, Selcuk University, Konya, Turkey, 2003. [in Turkish].

[27] Kiray SA, Ilik A. Polya’nin problem cozme yonteminin fen bilgisi ogretiminde kullanilmasina
yonelik bir calisma: Kanit temelli uygulamaya dogru. SU Ahmet Kelesoglu Egit Fak Derg
2011;31:183-202 [in Turkish].

[28] Meier SL, Cobbs G, Nicol M. Potential benefits and barriers to integration. School Sci Maths
1998; 98: 438-447

[29] Venville GJ, Wallace J, Rennie L, Malone J. The integration of science, mathematics, and
technology in a discipline based culture. School Sci Maths 1998;98:294-301.


http://ttkb.meb.gov.tr/ogretmen

S. A. Kiray / EEST Part B Social and Educational Studies 4 (2012 1181-1196 1195

[30] Venville GJ, Wallace J, Rennie LJ, Malone JA. Curriculum integration: Eroding the high ground
of science as a school subject? Stud Sci Educ 2002;17:43-84.

[31] Kiray SA, Gok B, Caliskan I, Kaptan F. Perceptions of Science and Mathematics Teachers about
the Relations between What Courses for Qualified Science Mathematics Education in Elementary
Schools. In Proceedings of the X. Annual Conference of the Further Education in the Balcan
Countries (pp. 889-899). Konya, 2008.

[32] Kubiatko M, Yilmaz H, Halakova Z. The attitudes of Slovak and Turkish high school students to
the ICT used in biology according to gender and age differences. Energy Educ Sci Technol
Part B 2012;4:433-446.

[33] Berlin DF, White AL. The Berlin-White integrated science and mathematics model. School Sci
Maths 1994; 94:2-4.

[34] Kose EO. Assessment of context-based learning in biology: a discussion and analysis of learners'
individual differences. Energy Educ Sci Technol Part B 2011;3:119-130.

[35] Lederman NG, Niess ML. Integrated, interdisciplinary, or thematic instruction? Is this a question
or is it questionable semantics? School Sci Maths 97(2):57-58.

[36] Mathison S, Freeman M. The logic of interdisciplinary studies. Paper presented at the Annual
Meeting of the American Educational Research Association, Chicago, 1997.

[37] Gehrke NJ. A look at curriculum integration from the bridge. Curriculum J 1998;9:247-260.

[38] Czerniak CM. Interdisciplinary science teaching. In S.K. Abell & N.G. Lederman (Eds.),
Handbook of research on science education. New Jersey: Lawrence Earlbaum Associates, 2007.

[39] Berlin DF. The integration of science and mathematics education: Highlights from the
NSF/SSMA Wingspread conference plenary papers. School Sci Maths 1994; 94:32-35.

[40] Berlin DF, Lee H. Integrating science and mathematics education: Historical analysis. School Sci
Maths 2005; 105: 15-24.

[41] Berlin DF, White AL. Report from the NSF/SSMA Wingspread Conference: A network for
integrated science and mathematics teaching and learning. School Sci Maths 1992;92:340-342.

[42] Lederman NG, Niess ML. 5 apples + 4 oranges=? School Sci Maths 1998;98:281-284.

[43] Roebuck KI, Warden MA. Searching for the center on the mathematics science continuum.
School Sci Maths 1998;98:328-333.

[44] Lehman J. Integrating science and mathematics: Perceptions of preservice and practicing
elementary teachers. School Sci Maths 1994;94:58—64.

[45] Frykholm J, Glasson G. Connecting science and mathematics instruction: Pedegogical context
knowlege for teachers. School Sci Maths 2005;105:127—-141.

[46] Furner JM, Kumar DD. The Mathematics and Science Integration Argument: A Stand for Teacher
Education. Eurasia J Maths, Sci Technol Edu 2007;3(3), 185-189.

[47] Jacobs HH(EA.). Interdisciplinary curriculum: Design and implementation. Alexandria, A:
Association for Supervision and Curriculum Development, 1989.

[48] Kysilka ML. Understanding integrated curriculum. The Curriculum Journal 1998;9:197-209.

[49] Fogarty R, Stoehr J. Integrating curricula with multiple intelligences. Illionois: Skylight Traning
and Publishing Inc, 1995.

[50] Vars GF. Integrated curriculum in historical perspective. Educ Leadership 1991;49:4-15.

[51] Hurly MM. Reviewing mtegrated science and mathematics: The search for evidence and
definitions from new perspectives. School Sci Maths 2001;101:259-268.

[52] Education Development Center. Goals for the correlation of elementary science and mathematics.
Boston: Houghton Mifflin, 1969.

[53] Lonning RA, DeFranco TC. Integration of science and mathematics: A theoretical model. School
Sci Maths 1997; 97:212-215.

[54] Huntley MA. Design and implementation of framework for defining integrated mathematics and
science education. School Sci Maths 1998; 98:320-327.

[55] Davison DM, Miller KW, Metheny DL. What does integration of science and mathematics really
mean? School Sci Maths 1995;95:226-230.

[56] Baskan Z, Alev N, Karal IS. Physics and mathematics teachers’ ideas about topics that could be
related or integrated. Procedia Social Behavioral Sci 2010;2:1558-1562.



1196 S. A. Kiray / EEST Part B Social and Educational Studies 4  (2012) 1181-1196

[57] Kiray SA, Onal I, Demirel O. Ilkogretim Ikinci Kademede Fen ve Matematik Entegrasyonunun
Deneysel Incelemesi. Paper presented at I.Ulusal Ilkogretim Kongresi, Ankara, 2007. [in Turkish]

[58] Kiray SA, Onal I, Kaptan F. Ogretmen adaylarini fen ve matematik arasinda iliski kurmaya
hazirlayan bir deneysel calisma. In A. Yilmaz & F. Gursul (Eds.), International teacher education
politics and problems symposium, 639-644. Azerbaijan State Pedagogy University, Baku, 2007.

[59] Wicklein RC, Schell JW. Case studies of multidisciplinary approaches to integrating
mathematics, science and technology education. J Technol Educ 1995;6:59-76.

[60] Bal H. 1924 Raporunun Turk Egitimine Etkileri ve J. Dewey’in Egitim Felsefesi. Aydinlar
Matbaasi, Ankara, 1991 [in Turkish].

[61] Hewitt TW. Understanding and shaping curriculum: What we teach and why. Sage Publications,
London, 2006.

[62] Rogers B. Informing the shape of the curriculum: New views of knowledge and its representation
in schooling. J. Curriculum Stud 1997;29:683-710.

[63] MEB. Mathematics curriculum. Retrieved October 18, 2009. http://ttkb.meb.gov.tr/ogretmen/

[64] Watanabe T, Huntley MA. Connecting mathematics and science in undergraduate teacher
education programs: Faculty voices from the Maryland collaborative for teacher preparation.
School Sci Maths 1998;98:19-25.

[65] Lakatos 1. Proofs and refutations: The logic of mathematical discovery. Cambridge University
Press, UK, 1976.

[66] Lakatos 1. Mathematics, science and epistemology. Cambridge University Press, UK, 1978.

[67] Ernst P. The philosophy of mathematics education. The Falmer Press, UK, 1991.

[68] Piskin Tunc M, Durmus S. Pre-service elementary school classroom and mathematics teachers’
interpretations about the definition of angle concept. Energy Educ Sci Technol Part B
2012;4:131-140.

[69] Ross JA, Hogaboam-Gray A. Integrating mathematics, science, and technology: Effects on
students. Int J Sci Educ 1998;20:1119-1135.

[70] Zimmerman BJ, Bonner S, Kovach R. Developing self-regulated learners beyond achievement to
self-efficacy. American Psychological Association, Washington DC, 1996.

[71] Wenner G. Science and mathematics efficacy beliefs held by practicing and prospective teachers:
A 5-year perspective. J. Sci Educ Technol 2001; 10:181-188.

[72] Erdogan A. Preservice mathematics teachers’ conceptions of and approaches to learning: A
phenomenographic study. Energy Educ Sci Technol Part B 2012;4:21-30.

[73] Singh K, Graville M, Dika S. Mathematics and science achievement: Effects of motivation,
interest, and academic engagement. ] Educ Res 2002;95:323-333.

[74] Mason TC. Integrated Curricula: Potential and Problems. J Teacher Educ 1996;47(4):263-270.

[75] Merrill C. Integrated technology, mathematics, and science education: A quasi-experiment. J.
Industrial Teacher Educ 2001;38(3):45-61.

[76] Tatar E. The effect of dynamic mathematics software on achievement in mathematics: The case
of trigonometry. Energy Educ Sci Technol Part B 2012;4:459-468.

[77] Dikmenli M, Cardak O, Yener D. Science student teachers’ metaphors for scientists. Energy
Educ Sci Technol Part B 2012;4:51-66.

[78] Aydin S, Yel M. The effect of brain based learning biology education upon the academic success
and attitude. Energy Educ Sci Technol Part B 2011;3:87-98.

[79] Cardak O. The determination of the knowledge level of science students on energy flow through a
word association test. Energy Educ Sci Technol Part B 2009;1:139-155.

[80] Ay M. University students’ comprehension difficulties in accounting subjects and their reasons.
Energy Educ Sci Technol Part B 2012;4:323-330.

[81] Dikmenli M. Biology students’ conceptual structures regarding global warming. Energy Educ Sci
Technol Part B 2010;2:21-38.

[82] Demirbas A. Energy issues in energy education. Energy Educ Sci Technol Part A

2011;27:209-220.

[83] Demirbas C. Innovative preschool education. Energy Educ Sci Technol Part B 2011;3:647-652.



