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Abstract: Student lack experience and confidences after leaving school to apply mathematical
knowledge to solve real life problems, as they need to utilize not only mathematical knowledge but
also knowledge of other topics. Teachers therefore need to present mathematics in a broader context
and encourage students to synthesize mathematics knowledge and other subjects of the curriculum
to solve problems which is an integrated approach to mathematics teaching. In this paper, we will
explain the benefits of integrated teaching, discuss integration approaches and models, and propose
the five-step integrated teaching process. We will also present an illustrated example of using the
five-step process in integrated teaching mathematics - biology through the “Genetic diseases in real
life” project.
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1. INTRODUCTION
Mathematics is one of the important subjects in the
school curriculum because mathematical knowledge
and skills are often used in other school subjects.
However, the subject “mathematics” is always taught
separately, without any connection to other subjects
because almost teachers have not recognized the firm
relationship between mathematics and other subjects.
This leads to the fact that after leaving school, students
lack of experience and confidences to apply
mathematical knowledge to solve problems in the real
life. To solve real life problems, students needs to use
not only mathematical knowledge but also knowledge
of other subjects. Therefore, teachers need to present
mathematics in a wider context and encourage students
to synthesize knowledge of mathematics and other
curriculum subjects to solve problems. This is an
integrated approach in teaching mathematics.
This paper aims to answer the following questions:
+) Why should mathematics taught in an integrated way? +)
What are integrated approaches and models in teaching?; +)
How can mathematics integrated with other high school
subjects in the teaching process?
2. LITERATURE REVIEW
2.1. Definitions
When attempting to define integrated curriculum, it
is necessary to look at related terms such as integrated
curriculum, interdisciplinary curriculum, integrated
teaching, integrated approach, integrated study,...
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Humphreys et al (1981) gave a definition of an
“integrated study” as “one in which children broadly
explore knowledge in various subjects related to certain
aspects of their environment”. With this definition,
Humphreys see links among various school subjects
and find that knowledge and skills can be developed
and applied in more than one area of study (Connolly &
Vilardi, 1989).
Having the same opinion with Humphreys,
Shoemaker (1989) defined an “integrated curriculum”
as “education that is organized in such a way that it cuts
across subject-matter lines, bringing together various
aspects of the curriculum into meaningful association to
focus upon broad areas of study. It views learning and
teaching in a holistic way and reflects the real world,
which is interactive”.
Dressel (1958) emphasized the linking of subject
areas to the creation of new models for understanding
the world through his definition: “In the integrative
curriculum, the planned learning experiences not only
provide the learners with a unified view of commonly
held knowledge (by learning the models, systems, and
structures of the culture) but also motivate and develop
learners’ power to perceive new relationships and thus
to create new models, systems, and structures”.
Another term that is often used synonymously with
integrated curriculum is “interdisciplinary curriculum”.
“Interdisciplinary curriculum” is defined by Jacobs
(1989) as “a knowledge view and curriculum approach
that consciously applies methodology and language
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from more than one discipline to examine a central
theme, issue, problem, topic, or experience”.
In general, all of the definitions of integrated
curriculum or interdisciplinary curriculum include:
- A combination of subjects
- An emphasis on projects
- Sources that go beyond textbooks
- Relationship among concepts
- Thematic units as organizing principles
- Flexible schedules
- Flexible student groupings
(Connolly & Vilardi, 1989, p.191)
These definitions support the view that integrated
curriculum is an educational approach that prepares
students for lifelong learning and develops students
competencies. There is a strong belief among those who
support curriculum integration that schools must look at
education as a process for developing abilities required
by life in the twenty-first century, rather than discrete,
departmentalized subject matter (Connolly & Vilardi,
1989, p.190-191).
2.2. Why should we teach mathematics in an integrated
way?
Over half a century of researchers and teachers have
explored curriculum integration as a way to meet the
many demands of 21st century curriculum and to make
classroom instruction more manageable and more
engaging (Ontario Ministry of Education, 2010).
Following are the reasons why we should teach
mathematics in an integrated way:
- Authentic activity: In integrated teaching, students
are often put into a real life context, then they have
opportunities to solve problems in reality through
authentic activities. Thus, integrated teaching can help
to familiarise students with the idea of applying
mathematics in context, encouraging them to develop
the skills of selecting appropriate mathematics, applying
it and critically evaluating its use against real concerns
and limitations (Ward-Penny, 2011, p.5).
- Motivation: Because an integrated study is a
reflection of the real world, students become more
interested and motivated in their learning. This kind of
learning involves and engages students positively. They
understand the need to learn a skill and to apply it. Thus
students can readily develop a life-long love of learning
(Fogarty, 1991, p.209).
- Develop integrated skills: In integrated teaching,
students often work in groups to solve problem.
Therefore, they have opportunities to develop integrated

22

skills such as collaborative skills, presentative skills,
technology skills, reflective skills... (Ward - Penny,
2011, p. 6).
- Develop problem solving competencies:
Integrated approach is a student-centered approach in
which students have to find solutions themselves (the
teacher is only co-learner or guide), they have to find
the way to synthesize learned knowledge in two or
more subjects to solve problem. Because of this, their
problem solving competencies can be developed.
2.3. What are integrated approaches and models in
teaching?
Defining integrated curriculum has been a topic of
discussion since the turn of the 20th century. Over the
last hundred years, theorists offered basic categories for
interdisciplinary work; they defined the categories
similarly although the categories often had different
names. Integration seemed to be a matter of degree and
method (Drake & Burns, 2004, p.8).
In this paper, we consider three approaches of
integration from Drake & Burns (2004) and ten models
for integration from Robin Fogarty (1991).
2.3.1. Three approaches of integration from Drake &
Burns
To guide teachers more clearly about methods of
integrating curriculum, Drake & Burns (2004) proposed
three approaches of integration as follows:
- Multidisciplinary integration: Multidisciplinary
approaches focus primarily on the disciplines. Teachers
who use this approach organize standards from the
disciplines around a theme (Drake & Burns, 2004, p.8).

The disciplines are taught separately but they are
connected through a common theme. In this approach,
teachers do not need to change the content of the
disciplines too much.
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- Interdisciplinary integration: In this approach to
integration, teachers organize the curriculum around
common learnings across disciplines.

Robin Fogarty (1991) helps teachers to understand
more about methods and degree of integration by
proposing ten models for integration. These models are
divided into three forms:
Form 1: Within a single discipline, including the
following:
Name

They chunk together the common learnings
embedded in the disciplines to emphasize
interdisciplinary skills and concepts. The disciplines are
identifiable, but they assume less important than in the
multidisciplinary approach (Drake & Burns, 2004,
p.12).

Model

Description

Fragment

This is a
traditional
curriculum
which separates
topics and
courses into
distinct
disciplines.

Connected

Two small
circles are two
areas inside a
subject which
are connected
together to create
a common theme
(the outside
circle). This is
integration
within an
individual
discipline.

Nested

Overlapped
circles express
that knowledge
of subjects are
nested in the
teaching process.
The purpose of
this model is to
develop specific
skills such as
social skills or
thinking skills.

Transdisciplinary
integration:
In
the
transdisciplinary approach to integration, teachers organize
curriculum around student questions and concerns.

Form 2: Across the disciplines, including the
following:
Name

Students develop life skills as they apply
interdisciplinary and disciplinary skills in a real-life
context (Drake & Burns, 2004, p.13).
2.3.2. Ten models for integration from Robin Fogarty
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Sequenced

Model

Description
Topics and units
are taught
independently,
but they are
arranged and
sequenced to
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provide a
framework for
related concepts.

Shared

Webbed

common goal or
propose a
common theme.
Form 3: Within and across learners, including the
following:

Two disciplines
focus on shared
concepts and
skills.
Knowledge of
the two
disciplines are
connected
through a
common topic.

Name

Immersed

The squared is a
broad theme
based on
knowledge of
many
disciplines. The
disciplines are
taught separately
but lean to the
common theme.

Threaded

The line goes
through the
circles expresses
a skill that needs
to be developed
through some
disciplines. The
content of the
disciplines is
only a tool to
develop the skill
(social skills,
thinking skills,
technology...).

Integrated

The intersection
of all circle
expresses the
most considered
goals that all
disciplines lean
to (develop
competencies,
skills, attitude...).
Teachers of all
disciplines need
to discuss to
define this

Networked

Model

Description
Learners
integrate by
viewing all
learning through
a perspective of
one area of
interest.
Learners direct
the integration
process through
selections of a
network of
experts.

 The approaches and models of integration from
Drake & Burns and from Robin Fogarty have some
differences but all share the following: an emphasis on
backward planning from student needs/interests
 a combination of subjects
 a focus on relationships among concepts
 an emphasis on projects/tasks
 flexible scheduling/flexible student groupings
 use of authentic sources that go beyond textbooks
(see Ontario Ministry of Education, 2010). The
above properties are useful guidelines for teachers to
integrate school subjects in the teaching process.
3. METHODS AND RESULTS
3.1. How to integrate mathematics with other high
school subjects in the teaching process?
The principles in integrating mathematics with other
high school subjects is that teachers need to: +) Choose
suitable methods and degrees of integration; +) Choose
suitable content in mathematics and other school
subjects to integrate; +) Choose a suitable process of
organizing integrated teaching.
3.1.1. Methods and degrees of integration
We choose to use the multidisciplinary and
interdisciplinary approaches of Drake & Burns (2004)
and Shared, Nested, Webbed models of Robin Fogarty
(1991). That means teachers try to do the following:
+) Construct a common topic that based on theories of
mathematics and other subjects; +) Try to construct a
topic which starts from real life contexts; +) Organize
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integrated teaching process through projects;
+) Organize and guide students to synthesize
knowledge and skills of various areas to solve
problems. Because of this, the problem solving
competencies of students can be developed.
3.1.2. The process of organizing integrated teaching
Based on Do Huong Tra (2014), we propose the
five-step process of organizing integrated teaching as
follows:
Step 1: Choose a topic
To define a topic, teachers need to:
 Have a look at the curriculum of mathematics and
other subjects, identify knowledge standards and skill
standards to find the integrated teaching content.
 Try to connect the teaching content to the
problems of real life.
Teacher should raise questions such as:
 Which content can be integrated? Why?
 Does the topic involve a genuine transfer and
synthesis of knowledge, skills and understanding?
 Does it enrich pedagogy?
 Does it result in an enhanced experience for the
learner?
Step 2: Identify the aims for teaching the topic
To identify the aims for teaching the topic, teachers
need to:
 Check which knowledge needs to be achieve,
which skills need to be trained in each subject.
 Identify which competencies can be developed
through the topic, especially interdisciplinary
competencies.
 Sometimes, defining the aims for teaching and
defining the content and learning activities of the
integrated topic happen at the same time.
Step 3: Identify problems and necessary knowledge
and skills for solving the problems
In this step, teachers need to do the following:
 Identify questions that students need to answer
during the problem solving process.
 Identify necessary knowledge and skills for
answering the questions mentioned above.
Step 4: Design learning activities and make a plan
for teaching the topic
In this step, teachers should make clear: which
activities are included in this topic? What is the role of
each activity in achieving the aims of teaching this
topic? The activities can be defined based on the
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questions in step 3. For each activity, teacher need to
perform the following work: +) Identify the aims of the
activity; +) Construct the content of the activity; Prepare
learning sheets or learning tools for the activity;
+) Prepare people and material resources for organizing
the activity; +) Make a plan for organizing the activity.
Step 5: Define assessment tools
In this step, the following should be notified:
 Teacher should design assessment tools for each
activity so that teacher can adjust the content of the
activity.
 Teacher should encourage students to participate
in the assessment and self-assessment process.
3.2. A specific integrated teaching project through the
five-step process
Following is an example of an integrated teaching
project which integrates the two subjects mathematics
and biology through the five -step process:
PROJECT TITLE: GENETIC DISEASES
IN REAL LIFE
Step 1: Choose the topic
• Probability is an important content in mathematics
which has many applications in real life.
• In genetics in Biology, they can apply probability
to predict genetic diseases passed from parent to
offspring. Therefore, they can find the way to avoid and
overcome effects of these genetic diseases.
• Thus, we can organize the Mathematics - Biology
integrated teaching topic named “Genetic diseases in
real life”!
Step 2: Identify the aims for teaching the topic.
Students know how to apply probability in analysing
and explaining genetic diseases in real life. Then they
can find ways to avoid and restrict these genetic
diseases.
Step 3: Identify problems and necessary knowledge
and skills for solving the problems. Necessary
knowledge and skills:
In Biology: Genetic research methods, the laws of
Mendel, genetic diseases and ways to avoid or
overcome effects of these genetic diseases (Grade 9).
In Mathematics: Event, probability of an event,
rules to calculate probabilities (Grade 11).
Step 4: Design learning activities and make a plan
for teaching the topic
Activity 1: Teacher raises the following questions:
1. What is albinism?
2. Why is albinism dangerous?
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To answer the above questions, students have to
find the information about albinism themselves
(through internet, newspapers, books...):
1. What is albinism?
Albinism is a congenital disorder characterized
by the complete or partial absence of pigment in the
skin, hair and eyes.
Albinism results from inheritance of recessive
gene alleles and is known to affect all vertebrates,
including humans.
2. Why is albinism dangerous?
Albinism is associated with a number of vision
defects, such as photophobia, nystagmus, and
amblyopia. Lack of skin pigmentation makes for
more susceptibility to sunburn and skin cancers in
humans is a congenital disorder characterized by the
complete or partial absence of pigment in the skin,
hair and eyes.
Activity 2: Teacher raises a question:
If parents are not albinos, can we conclude that their
children are not albinos?
Consider the following problem:
Both Ha and Lan have albinotic mothers. Both of
their parents have no albinotic gene. Both of their
husbands are not albinos but have albinotic fathers.
Ha has a daughter named Mai (Mai is not albino).
Lan has a son named Phi (Phi is not albino). If Phi
marries Mai, then what is the probability that Mai
and Phi has two children which are not albinos?
To solve the above problem, teacher divides
students into groups and gives each group a task:
- Group 1: Review the laws of Mendel (Biology 9);
- Group 2: Review how to create and explain a
genetic diagram (Biology 9);
- Group 3: Review knowledge of event, probability
of an event, rules to calculate probabilities (Algebra &
Analysis 11)
- Group 4: Search information and study about some
specific genetic diseases.

After group 1 and 2 present their tasks, teacher asks
all students to create the relation diagram of the family
in the problem:
Activity 3: Create the genetic diagram of the family
in the problem and identify gene types
- Suppose that A: normal gene
a: albinotic gene
aa: albino
AA, Aa: not albino
- Thus, gene types of Ha’s mother, Lan’s mother,
Ha’s father-in-law, Lan’s father-in-law: aa
- Gene types of Ha, Lan, Ha’s husband, Lan’s
husband: Aa
- Genetic diagram of Ha’s family (and similarly,
Lan’s family)
F2:
Aa
x
Aa
G:
½A: ½a
½A:½a
F3:
¼ AA : 2/4 Aa : ¼ aa
Ratio 3 normal : 1 albino
- Thus, gene types ratio of Mai and Phi is 1/3 AA :
2/3 Aa
- If Mai marry Phi then we have three cases:
Case 1
Case 2
Case 3
F3: AA x AA F3: AA x Aa
F3: Aa x Aa
G: 1A 1A
1 1
1 1 1 1
G: 1A A : a
G: A : a A : a
F4: AA
2 2
2 2 2 2
100% normal
F4:
1
1
F4: AA : Aa 1
2
1
2
2
AA : Aa : aa
4
4
4
100% normal
3 normal : 1 albino
Activity 4: Apply probability
After summarizing necessary Biology knowledge to
solve the problem, students have to apply probability
knowledge. Teacher ask students to find the probability
that Mai and Phi have two normal children and explain
the results.
Students have to show the following answer:


◯
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life. Because of this, students understand the
applications of mathematics in real life and know how
to apply mathematical knowledge to solve real life
problems.

- Case 1: Mai (1/3) AA, Phi (1/3) AA, then the
probability that Mai and Phi have two normal
children is 1/3.1/3.1 = 1/9.
- Case 2: Mai (1/3) AA, Phi (2/3) Aa, then the
probability that Mai and Phi have two normal
children is 1/3. 2/3.1 + 2/9.
- Case 3: Mai (2/3) Aa, Phi (1/3) AA, then the
probability that Mai and Phi have two normal
children is 2/3.1/3.1 = 2/9.
- Case 4: Mai (2/3) Aa, Phi (2/3) Aa, then the
probability that Mai and Phi have two normal
children is 2/3. 2/3.3/4.3/4 = 1/4.
Thus the probability that Mai and Phi have two
normal children is 1/9 +2/9 +2/9 +1/4 = 29/36.
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After solving this problem the students can
recognize that normal parents still can have genetic
diseased children. Then they can raise a question that
“How people can avoid and overcome effects of genetic
diseases?”.
Activity 5: Some specific genetics diseases and ways
to avoid or overcome effects of these diseases (Group 4
presents their task and then all students discuss)
- Some genetic diseases are: down syndrome, turner
syndrome albinism, deaf and dumb (caused by
radioactivity or noxious chemicals), born with a cleft
palate, hands without fingers...
- Ways to avoid:
• fight against produce and use nuclear weapons and
chemical weapons.
• do not destroy the environment.
• avoid marriages of people with diseased gene
types or restrict them from having babies.
Step 5: Define assessment tools
Teacher can use the following tools: Observation
sheet; Test; Student survey; Student assignment.
4. DISCUSSION AND CONCLUSION
In this paper, we have explained the benefits of
integrated teaching, discussed the integration
approaches and models, and proposed the five-step
process of integrated teaching. We also presented an
illustrated example of using the five-step process in
integrated teaching mathematics - biology through the
project “Genetic diseases in real life”.
Teaching mathematics in an integrated way should
be encouraged because this approach can help to
motivate students, develop their integrated skills and
their problem solving competencies. Moreover,
integrated teaching is a good method to reflect the real
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