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HOW IS A SCIENCE LESSON DEVELOPED AND IMPLEMENTED BASED ON
MULTIPLE INTELLIGENCES THEORY?

COKLU ZEKA KURAMINA DAYALI BiR FEN BIiLGiSi DERSI NASIL
GELISTIRILIR VE UYGULANIR?

Osman Nafiz KAYA"

ABSTRACT: The purpose of this study is to present the whole process step-by-step of how a science lesson can be
planned and implemented based on Multiple Intelligences (MI) theory. First, it provides the potential of the MI theory for
science teaching and learning. Then an MI science lesson that was developed based on a modified model in the literature and
implemented in an 8" grade classroom is given as a concrete example in order to help preservice and inservice science
teachers to create bridges from the theoretical framework of the MI theory into classroom practice. This study uncovers that
there are four important factors affecting how MI science lessons are planned and carried out. They are: (1) identifying
individual students’ multiple intelligences or strengths via a reliable and valid tool, (2) paying attention to the literature
findings related to students’ difficulties in learning the relevant science topic, (3) considering the nature of the knowledge
structure that students are supposed to learn with respect to the MI, and (4) examining teacher’s ability to manage the MI
activity.

Keywords: multiple intelligences theory, science education, multiple intelligences science lesson.

OZET: Bu cahigmamin amaci, Coklu Zeka Kuramina dayali bir fen bilgisi dersinin nasil planlanabilecegi ve
uygulanabilecegiyle ilgili tiim siireci adim adim sunmaktir. Calismada, ncelikle Coklu Zeka Kurammin fen gretimi ve
O0grenimi agisindan sahip oldugu potansiyel sunulmaktadir. Daha sonra, literatiire dayali gelistirilmis ve ilkdgretim 8. sinifta
uygulanmis Coklu Zeka Kuramma dayali bir fen bilgisi dersi, fen bilgisi dgretmen aday1 ve 6gretmenlerine Coklu Zeka
Kuramini teoriden sinif i¢i pratige doniistirmede yardimer olmak amaciyla somut bir 6rnek olarak verilmektedir. Bu ¢alisma,
¢oklu zeka fen bilgisi derslerinin nasil planlanacagi ve uygulanacag: ile ilgili dort 6nemli faktdr agiga ¢ikarmustir. Bu
faktorler, (1) gilivenilir ve gegerli bir dlgme araci ile dgrencierin ¢oklu zekalarmi belirlemek, (2) ilgili fen konusunda
literatiirde bulunan 6grencilerin 6grenme sorunlarma dikkat etmek, (3) 6grencilerin 6grenmesi amaglanan bilgi yapisi ¢oklu
zekalar agisindan dikkate almak, ve (4) 6gretmenin ¢oklu zeka aktivitesini sinif i¢inde uygulama kabiliyetini sinamasidir.

Anahtar sézciikler: ¢oklu zeka kurami, fen egitimi, coklu zeka fen bilgisi dersi

1. INTRODUCTION

Gardner, through his research, offers a different viewpoint on the nature of intelligence. To
arrive at the Multiple Intelligences theory, Gardner studied stroke victims suffering from aphasia at the
Boston University Aphasia Research Center and worked with children at Harvard's Project Zero, a
laboratory designed to study the cognitive development of children (Gardner, 1999a). Working with
the two groups of children in two different contexts led Gardner to believe “that the human mind is
better thought of as a series of relatively separate faculties, with only loose and nonpredictable
relations with one another, than as a single, all-purpose machine that performs steadily at a certain
horsepower, independent of content and context” (p.32). This succinct statement embodies the theory
of Multiple Intelligences. This means individual faculties or frames within the human mind can be
associated with a particular intelligence, the verbal-linguistic, logical-mathematical, musical, spatial-
visual, bodily-kinesthetic, interpersonal, intrapersonal, and naturalistic. Without stripping cultural
values, Gardner examined the individual’s growth and developmental patterns for each intelligence.
He connected multiple intelligences to the works of Jean Piaget (logical-mathematical and spatial-
visual intelligences), Erik Erikson (development of personal intelligences), and Lev Vygotsky
(developmental models of linguistic intelligence and interpersonal intelligence). Thus, to understand
multiple intelligences, Gardner synthesized the extant literature from multidisciplines. MI theory is
derived from the biological or neurosciences (brain development and organization), evolution, logical
analysis, developmental psychology, experimental psychology, and psychometrics. Since Gardner’s

* Post-Doctoral Research Fellow, Wayne State University, College of Education, Teacher Education Division, Detroit-MI,
48201, USA. Email: okaya@wayne.edu/onafizk@yahoo.com



156 O. N. Kaya | H. U. Egitim Fakiiltesi Dergisi (H. U. Journal of Education), 34 (2008), 155-167

book of Frames of Mind: The Theory of Multiple Intelligences, Gardner’s view of intelligence is
rapidly being incorporated in many school curricula to redesign the way it educates students around
the world. Many educators have become interested in the theory, the numerous journal articles
(Campbell, 1997; Checkley, 1997; Daniel, 1997; Eisner, 2004; Gardner, 1997; Hoerr, 2004;
Goodnough, 2001a,b) and books have been published about the theory (Armstrong, 1994, 2000;
Campbell, Campbell, & Dickinson, 1996; Gardner, 1983, 1985, 1993, Lazear, 1992; Talu, 1999).

The MI popularity blows one’s mind! However, the literature findings reveal the following
questions: Where does MI stand in connection with science education research? and Why such a
popular theory has not gained much ground in science education research? because there have been
only two science education MI research studies (i.e., Goodnough, 2001a,b) that have been published
in international journals of science education so far. The editors of the Schoo! Science and
Mathematics that has been published continuously since 1901 shed light on this issue (Flick &
Lederman, 2003). Flick and Lederman (2003) highlighted why the MI theory garner so much attention
in education. They state “Teachers we encounter in workshops and master's courses are more likely to
recognize references to ‘multiple intelligences’ than they are to recognize references to ‘learning
cycle’ in science education or ‘cognitively guided instruction’ in math education.” (p. 117). According
to Flick and Lederman (2003), the most important educational problem that is particularly serious in
teaching science and math is how science and mathematics can be taught based on individual students’
abilities or multiple intelligences. The editors also observe that the discussion and application of the
MI theory by teachers are at best superficial. For instance, some followers use the term MI but do not
understand the fundamental principles of the theory. There are some teachers who know the principles
of the theory, but do not know how the principles and the associated empirical evidence resolve a
particular educational problem in classrooms. Flick and Lederman (2003) described the MI theory as a
popular theory but unpopular research as shown in the title of their editorial letter: “Popular Theories-
Unpopular Research”. They also argue that we as researchers must learn to help teachers to strike a
balance and develop educational theories that teachers consider important.

MI research in science education is just beginning to emerge, and active research should be
pursued by teachers, educators and researchers. To achieve this goal, teachers of science should first
understand how a specific objective of science can be taught using the MI theory. Therefore, this study
is timely an example to show science classroom teachers, educators and researchers how an MI
science lesson can be planned and implemented in a middle school classroom involving the topic of
particulate nature of matter.

1.1. The Potential of Multiple Intelligences Theory for Science Teaching and Learning

MI theory is derived from the biological or neurosciences (brain development and organization),
evolution, logical analysis, developmental psychology, experimental psychology, and psychometrics
(Gardner, 1983). Thus, the MI theory has the potential to make science accessible to all students
because it acknowledges each student's unique cognitive profile (Gardner, 1995). Recent calls in the
current science education reform documents (e.g., American Association for the Advancement of
Science, 1993; National Research Council [NRC], 1996) either implicitly or explicitly emphasized the
need for science to be accessible to all students, and personalized or individualized learning
experiences are vital for this goal. Thus, if the aim is to improve science learning through the learning
experiences for all learners, the MI teaching approach can be used to meet this goal by matching
teaching to the ways students can learn science because it offers teachers a framework with which to
make pedagogical decisions that can foster individualized learning in science using students’ multiple
intelligences or abilities. Moreover, if we believe in the concept of “science for every child”, then we
need to decide on teaching approaches focusing on the individual abilities, needs and interests of the
learner.

A wide variety of MI teaching strategies are matched with abilities of students so that they are
engaged in science (Akamca & Hamurcu, 2005; Goodnough, 2001a,b). For example, learning
activities such as role plays, drawings, science stories, singing a song, individual investigations, and
writing essays, not common to science education, enable students to contextualize learning in terms of
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their own strengths or multiple intelligences. Within these learning activities, students are able to
freely speak out their ideas, do hands-on laboratory experiments, make strong positive relationships
with classmates in both small and large groups, do exciting homework assignments, and use their
individual MI portfolios for feedback on their learning (Armstrong, 1994, 2000; Azar et al., 2005;
Campbell et al., 1996; Daniel, 1997; Ebenezer & Haggerty, 1999; Goodnough, 2001a,b; Kaya, 2006;
Kaya & Ebenezer, 2003, 2006; Kaya et al., 2007; Tugrul & Duran, 2003). Such qualities of teaching
and learning couched in MI theory no doubt will improve students’ conceptual understanding and
achievement, and affective dispositions (e.g., attitudes toward science) in science and contrast sharply
with traditional teaching. In the traditional science classroom, teaching “scientific facts” and
accompanying problems from textbooks taps into the verbal and mathematical intelligences.
Unfortunately, students who are weak in verbal-linguistic and logical-mathematical intelligences are
disadvantaged in school when the focus is on teacher lectures and notes, and questions on the assigned
readings or handouts in school. Many studies suggest that traditional teaching practices do not
promote achievement in and attitudes toward science of even those students who are strong in verbal-
linguistic and logical-mathematical intelligences (Ebenezer & Zoller, 1993a). In comparison, the MI
teaching approach that combines intelligences in creative ways to address the uniqueness of individual
learners (Armstrong, 1994, 2000), may promote students’ achievement and affective dispositions in
science.

2. METHODS

2.1. Sample and Procedure

Participants were from 8" grade in a public elementary school in Ankara, the capital city of
Turkey. There are three 8" grade classes in the school, and one of these classes was randomly selected
for this study. Participating group of students consisted of 25 students (13 boys and 12 girls), The
population of students (ages 13 — 14) was from low and middle socio-economic status homes. They
generally learned science with traditional teaching methods before this study.

A science teacher who held a master’s degree in science education and had 6 years of
experience teaching the subject taught the class. Listening to the lecture on the theoretical and
practical orientations of the MI theory given by the researcher, a science teacher in the audience
showed keen interest in practicing a science lesson designed based on the MI theory. The appeal for
MI theory is captured in his own comments, “MI teaching approach is very different from the teaching
way that I have been using in my classes. We need to individually consider each student’s intelligences
profile to be able to teach science them better. The traditional teaching style leaves most children
intellectually malnourished thus depriving children from having equal opportunities to participate in
high quality science education. Through the MI theory, I believe that I can find many ways to teach
science my students...” The teacher participating in this study was trained for 12 hours by the
researcher to standardize the administrative procedures and the implementation of the treatment. In
these training sessions, it was focused on the following topics: (1) the story of development of MI
theory, (2) theoretical background about the theory, (2) change in education through the MI theory, (3)
designing a science lesson based on the MI theory, and (4) implementing a science lesson based on the
MI theory. The selected science unit was matter and energy. The teacher wanted to start teaching the
science unit to his students starting from atomic structure and properties. Other science topics that the
students learned were chemical and physical changes in matter, chemical reactions, and acids and
bases. This study was over an 8-week period during the 2004-2005 academic year, and the science
class were held three times each week according to the school timetable.

In this research, a case study, how a science lesson was planned and practiced in an 8th grade
classroom was qualitatively explained. Immediately during and/or after MI science lessons, the
researcher, who is the author of this article, jotted in his daily log his observations and reflections of
student actions, teacher-student and student-student interactions, and specific experiences in the MI
science class. These thoughtful entries, obtained from the research-based classroom, illuminated how
the MI science lessons can be developed and implemented.
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2.1.1. Instrument

In order to determine each student’s intelligences profile, Multiple Intelligences Development
Assessment Scales (MIDAS) (Shearer, 1994) was used in this study. This survey' was translated and
adapted into Turkish by the researcher, accompanied by six experienced elementary teachers and one
expert on Turkish language. All teachers had expert knowledge and experience on the implementation
of MI theory in their classrooms. After the translation of the survey into Turkish was completed, these
teachers teaching students in grades 2 to 8 individually examined the survey items and choices. The
researcher obtained very useful comments and feedback from the teachers on the survey. The seven
experts were asked to write their notes as narrative to make the survey items and related choices more
understandable by regarding the level of their students’ reading comprehension. All of the teachers
stated how to make the items that they criticize better. These comments and feedback of the teachers
on the survey items, including the related corrections, were distributed to all of them. As a result, the
final survey incorporated the necessary revisions that the teachers pointed out in their narratives. This
survey consists of 93 items. Cronbach’s alpha reliability coefficient of the MIDAS was found 0.81.

One example of the MIDAS survey from each intelligence area is below.

Musical-Rhythmic Intelligence

3. Do you think you could be a really good musician or
singer if you tried?

A) I don't think so, probably not

B) Maybe a little bit

C) I could be fairly good

D) I could be a good musician

E) I could be a great musician

F) I don't know

Bodily-Kinesthetic Intelligence

16. How well can you use your hands to sew, cut with
scissors, or put small things together?

A) Not very well or just fair

B) Well

C) Very well

D) Excellent

E) The best

F) I don't know

Logical-Mathematical Intelligence

27. Do you often try to figure out why and how things
work?

A) Every once in a while

B) Sometimes

C) Many times

D) Almost all the time

E) All the time

F) I don't know

Visual-Spatial Intelligence

31. Do you like to decorate your room with pictures or
posters, drawings, etc.?

A) Not very much

B) Sometimes

C) Many times

D) Almost all the time

Verbal-Linguistic Intelligence

51. How well can you write a note or letter to
someone?

A) Not very well

B) Fairly well

C) Well

D) Very well

E) Excellent

F) I don't know

Interpersonal Intelligence

54. Do you ever offer to help people around the house
or in school?

A) Every once in a while

B) Sometimes

C) Many times

D) Almost all the time

E) All the time

F) I don't know

Intrapersonal Intelligence

72. Do you work well on your own?
A) Not very well

B) Fairly

C) Well

D) Very well

E) Excellent

F) I don't know

Naturalist Intelligence

86. Are you ever curious about nature and look for
animals in the woods, collect plants, bugs or other
things?

A) Never or rarely

B) Every once in a while

C) Sometimes

E) All the time D) Often
F) I don't know or I haven't had the chance E) Almost all of the time
F) I don't know

! The survey may be obtained, upon request, by writing to the author.
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2.2. Developing and Implementing an MI Science Lesson

In many publications, the MI initiatives mostly provide examples of the lesson plans in various
school subjects such as science, mathematics and social studies rather than presenting the process of
how an MI lesson can be planned and conducted. However, in the literature, there are three models
about how an MI lesson can be developed and implemented. These models, proposed by Armstrong
(1994, 2000), Campbell, Campbell and Dickinson (1996) and Lazear (1992), help teachers to create
bridges from the theoretical framework of the MI theory into classroom practice, making the theory
easily understandable and applicable to classroom teachers at the practical level. The Armstrong’s
model focuses on how a specific educational objective can be taught using the MI theory, while two
other models deal with how a whole unit or lesson can be taught using the MI theory.

In this study, a modified version of the Armstrong’s (1994, 2000) seven-step procedure was
used for creating the MI lesson sequence because of the reasons described below. This seven-step
procedure consists of (1) focusing on a specific objective, (2) asking key MI questions, (3) considering
possibilities, (4) brainstorming, (5) selecting appropriate activities, (6) setting up a sequential plan, and
(7) implementing the plan (Armstrong, 1994). The first six steps consist of designing a lesson plan and
the seventh step focuses on implementing the plan. The development and the implementation of the
MI lesson plan using the chemical objective, determining the size of an atom will be illustrated.

2.2.1. The First Effort in the MI Class

For many educators, “Multiple intelligences” means how a teacher can arrange learning
activities regarding the individual abilities of all students in a classroom. Thus, there is a need to know
differences and similarities among abilities, needs, and interests of individual students in the same
classroom (Haley, 2004). Accordingly, in this study, the first attempt was to identify each student’s
intelligence profile using Multiple Intelligences Development Assessment Scales (MIDAS) (Shearer,
1994) before the research began. The MIDAS, providing a rich and descriptive understanding of a
person's multiple intelligences profile, is a research based self-report measure of intellectual
disposition for people of all ages. In this study, the MIDAS for KIDS: All About Me (for students in
grades 4-8, or ages 10-14) was used. The MIDAS is different from most MI tests. It is a research based
self-report with a proven track record of producing a valid and reliable profile that can inspire,
motivate and maximize achievement. According to Gardner, the MIDAS represents the first effort to
measure the Multiple Intelligences, which have been developed according to standard psychometric
procedures (Shearer, 2007).

The critical information of each student’s abilities obtained from the MIDAS was efficiently
used for not only developing but also implementing MI teaching activities in this study. For example,
a student who was strong in spatial-visual, interpersonal and logical-mathematical intelligences was
mostly engaged in spatial-visual, interpersonal and logical-mathematical activities during MI science
lessons. However, the same student who was weak in bodily-kinesthetic and verbal-linguistic
intelligences was also encouraged to participate in bodily-kinesthetic and verbal-linguistic activities.
In other words, students learned the unit of particulate nature of matter using their strengths, while
they were also involved in MI activities in which they are weak in order to strengthen their
intelligences.

2.2.2. Focusing on a Specific Objective

The objective related to the determination of the size of an atom was to teach students to think
about measuring the space in which the electrons move relatively to the nucleus of atom.

2.2.3. Asking Key MI Questions

Asking key MI questions based on the determination of the size of the atom helped the
researcher look at the possibilities for involving as many intelligences as possible: What follows is a
description of each intelligence, and the related key MI questions. This thinking procedure was
followed to consider possible activities and to select the most useful one.



160 O. N. Kaya | H. U. Egitim Fakiiltesi Dergisi (H. U. Journal of Education), 34 (2008), 155-167

Verbal-linguistic intelligence is the ability to use language effectively to express one self, both
written and oral. How can we use the spoken or written word?

Logical-mathematical intelligence is the ability to think conceptually and abstractly and
capacity to discern logical or numerical patterns. How can we use numbers, calculations, and logic
games?

Spatial-visual intelligence is the ability to perceive and visualize the spatial-visual world
accurately and using the images to solve problems. How can we use graphs, figures, 3-D drawings and
visual awareness activities?

Bodily-kinesthetic intelligence is the ability to use both the whole body and the hands to
manipulate objects and materials and to express ideas and emotions. How can we involve the whole
body or hands-on experiences?

Musical-rhythmic intelligence is the ability to interpret, discriminate, and express musical
forms. How can we use singing, and rhythms?

Interpersonal intelligence is the ability to detect and respond appropriately to the needs
emotions and desires of others. How can we engage students in peer sharing and cooperative learning?

Intrapersonal intelligence is the ability to be aware of realistic knowledge of one’s feelings,
values, beliefs, needs and thinking processes along with capacity for self-discipline. How can we use
individual projects, and writings related to personal feelings?

Naturalist intelligence is the ability to readily recognize and categorize plants, animals, and
other objects in nature, and using analogies from nature to envision problems and solutions. How can
we use the characteristics of the natural world?

2.2.4. Considering Possibilities

Eight possible MI activities described below that can be used to help students understand how to
determine the size of the atom. It should be noted that more than one activity in each intelligence can
be developed.

Verbal-linguistic intelligence, Write a paragraph describing how the size of atoms may be
determined. Students may revise their initial writing after peer sharing and carrying out interpretive
discussion.

Logical-mathematical intelligence, Calculate the size of several atoms by using the ratio of the
diameter of the nucleus and the diameter of atom. For the hydrogen atom, the ratio of nuclear diameter
to atomic diameter is approximately 1:10°.

Spatial-visual intelligence, Compare a marble with the schoolyard, a tennis ball with the school
district, and a soccer ball with the city. In this activity, the marble, tennis ball, and soccer ball
represent the nucleus of different atoms. The schoolyard, school district, and city represent the space
in which the electrons move.

Bodily-kinesthetic intelligence, Swirl the tennis balls around your head to illustrate how the
electrons move in space around the nucleus. The tennis balls illustrate the electrons and the head
represents the nucleus.

Musical-rhythmic intelligence, Compose a song to express your understanding about the
determination of the size of atoms:

Protons and neutrons in nucleus
Electrons move around nucleus
Nucleus is too small

Space of movement of electrons is too large
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So, imagine or think the space of movement of electrons.

Interpersonal intelligence, Prepare posters in the small groups (3-4) with scientific questions,
writings, and drawings concerning the determination of the size of atoms. Display your posters on the
class wall and present your understandings to your peers.

Intrapersonal intelligence, Prepare and present an individual speech concerning the
determination of the size of atoms. Then write down important notes from each speech as feedback.
Respond in writing to the feedback by your peer.

Naturalist intelligence, Draw an analogy to find the ratio between the seed (nucleus) and the
fruit (space of movement of the electrons), which contains one seed.

2.2.5. Brainstorming

An MI planning activity sheet containing the foregoing MI activities was first prepared. This
activity sheet was shared with MI theory and science education experts who had first the MIDAS
results of the students in the science classroom. Based on the possible activities cited on the
worksheet, the experts then brainstormed for the most suitable activity for teaching students to
determine of the size of an atom. The same procedure was carried out for all of the learning objectives
involving the particulate nature of matter for the remaining science lessons.

2.2.6. Selecting Appropriate Activities

All five colleagues (one MI experts, two science teachers, two professors of science education)
gave the researcher fruitful feedback about the appropriateness of all MI activities involving the
particulate nature of matter, including the determination of the size of an atom. For example, most of
them said that because this objective was on the size of an atom based on the spatial perception, a
spatial-visual activity was better than the other MI activities. As a result, the focus was on how the
spatial-visual activity was designed to demonstrate how to imaginatively determine the size of the
atom.

In this activity, importance was given to student-centered learning, which consisted of active
participation, identifying students’ preconceptions and the reasons of their conceptions. The reasons
for selecting the spatial-visual activity as opposed to all other MI activities are as follows:

e The MIDAS results showed that more than half of the students (N=14) in the class are
strong in the spatial-visual intelligence, and the remaining students (8) who are strong
in verbal-linguistic and logical-mathematical intelligences can be engaged in this
activity when they express their ideas and discuss with their classmates.

e Students can be taken to the schoolyard so that they will be able to imagine the vastness
of the space between the nucleus (marble) and the immediate surrounding.

e Students’ writings, posters, swirling the tennis balls around his/her head to illustrate
how the electrons move in space around the nucleus, students’ songs, individual
speeches and writings, calculation of the size of several atoms by using numbers have
some limits with respect to the realistic estimation of the ratio between the diameter of
the nucleus and the diameter of space in which the electrons move. For example, when
a student shows the nucleus as a point (1 mm diameter), the students must have a very
big paper (100 m diameter) for representing the realistic estimation. And when students
swirl the tennis balls in their hands around the head to illustrate how the electrons move
in space around the nucleus, the space in which their arms swirl is only 1-2 m. Also,
understanding and imagining the ratio (1: 10°) between the diameter of the nucleus and
atomic diameter by means of calculations is very difficult at this age level.

e Also, many textbook drawings and models of atoms give rise to alternative conceptions
related to the size of atoms. And drawing a proper scale for the size of an atom in the
science books is impossible. Because, for a hydrogen atom, the ratio of nucleus
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diameter to atomic diameter is approximately 1:10°. For a nucleus 2 c¢m in diameter in
the science book, electrons should extend to about 2000 m. This is a conflict even for
high school science students (e.g., Harrison & Treagust, 1996).

e The teacher also thought that he could manage better the spatial-visual activity than
other MI activities to teach his students determining the size of an atom.

2.2.7. Setting up a Sequential Plan

The first six lessons were devoted to the introduction of matter, properties of matter, compound,
mixture, element, and introduction of the atom. Subsequent lessons were devoted to specific subtopics
related to the atoms such as atomic structure, size of atoms, weight of atoms, motions of atoms, and
space among atoms during phase changes. Each lesson had a sequence of 3-4 knowledge structures.
For example, in the lesson devoted to the size of atoms, the knowledge structures consisted of the
following:

¢ An individual atom is incredibly small. It cannot be seen even under the most powerful
microscope.

e The size of an atom is determined primarily by the space in which the electrons move
relatively to its nucleus.

o Different kinds of atoms have different size.
2.2.8. Implementing the Lesson Plan

For revealing students’ preconceptions and reasons related to determining the size of an atom,
the diagnostic questions were prepared. Keeping these questions in mind, the following activity was
done to explore students’ ideas and then to teach the objective concerning the determining the size of
an atom. Students were taken to the schoolyard. The marble was rolled. Students were asked: If an
atomic nucleus was as large as this marble (0.5 cm diameter), what do you think about the size of
atom? Ninety-two percent of the students expressed that the size of the atom with the nucleus, which is
the marble is 3-5 cm. Next the tennis ball was rolled. Students were asked: If an atomic nucleus was as
large as this tennis ball (5 cm diameter), what do you think about the size of atom? Eighty-eight
percent of the students pointed out that the size of the atom with the nucleus, which is the tennis ball,
is 25-50 cm. The soccer ball was rolled. Students were asked: If an atomic nucleus was as large as this
soccer ball (25 cm diameter), what do you think about the size of atom? Ninety-six percent of the
students said that the size of the atom with the nucleus, which is the soccer ball, is 150-300 cm. No
student provided a realistic estimation of the size of the atom to the nucleus with respect to the marble,
tennis ball, and soccer ball.

The teacher also wanted to know “What determines the size of an atom?” eighty percent of the
students said that proton, neutron, and electron determine the atomic size. Curious to know which one
of these particles determined the atomic size, students were asked: “Which particle(s) is the most
important for deciding the atomic size?” Forty percent (n=10) of the students (n=25) answered the
foregoing question correctly by stating that the number of electrons is the most important criterion for
the atomic size. Forty-eight percent (n=12) of the students (n=25) said that the proton determined the
atomic size. Of the 12 students who answered that the proton determines the atomic size, 83% offered
an explanation: “Because of its positive charge we must know the number of protons for deciding the
atomic size.” Twelve percent (n=3) of the students (n=25) did not answer. Because students did not
focus on the neutron they were asked: “Why the neutron is not important for deciding the atomic
size?” Sixty-four percent (n=16) of the students (n=25) expressed that the atomic size does not depend
on the number of neutrons because they do not have any charge.

Students who subscribed to the notion of the number of electrons were asked: “Why do you
think that the number of electrons is the most important for the atomic size?” seventy percent (n=7) of
the 10 students said that the size of objects was dependent on the area covering the space. The nucleus
of the atom is in the center of the atom, but their electrons move around the nucleus, and so, the space
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in which the electrons move is the most important for determining the size of an atom. The students
were also asked: “What do you think about your classmates’ responses?” Many students agreed with
the last idea described above.

After students explained their ideas of the atomic size, students were given the example of the
marble (0.5 cm diameter) and the space (500 m) in which the electrons move around. The size (500 m)
is nearly the size of schoolyard. According to this example, they were asked to imagine the ratio
between the size of nucleus and the space in which the electrons move. Afterwards, they estimated the
relative size of the atoms using the tennis ball and soccer ball as nucleus. Many students estimated a
realistic size for the atoms. For example, their estimates were: the size of atom that has a nucleus (the
tennis ball) is nearly the size of school district. The size of atom that has a nucleus (the soccer ball) is
nearly the size of city (Ankara) where they lived. Lastly, students were asked to reveal a principle
relating to the size of an atom. Many students collaboratively constructed that “the size of an atom is
determined by the space in which the electrons move, and relative to the size of its nucleus.”

The above activity portrays spatial-visual intelligence. Verbal-linguistic intelligence was evident
because of the students’ talk based on their own ideas. Logical-mathematical intelligence activity was
also observed because students were able to discuss the size of atoms.

2.3. Incorporating Students’ Preconceptions in Armstrong’s Seven-Step Model

"If T had to reduce all of educational psychology to just one principle, I would say this: The
most important single factor influencing learning is what the learner already knows. Ascertain this and
teach him accordingly" (Ausubel, 1968). Ausubel’s quote from 1968 gives a frame for a main research
focus in science education of the last three decades: Students’ preconceptions in numerous various
science topics were investigated in the 1970s and 80s. In the following years several models of a
constructivist approach in science teaching and learning were developed. In all of these theories the
integration of students' preconceptions plays a key role. Nowadays, most of the science educators have
agreed that an understanding of the concepts students hold prior to instruction is of paramount
importance for effective teaching of science (Morrison & Lederman, 2003). There was an important
difference between MI lesson plans of this study and Armstrong’s seven-step model in developing and
implementing MI lesson plans. That is, Armstrong’s procedure does not stress the importance of
incorporating students’ prior conceptions and their reasons for a specific topic. The MI teaching
activities in this study formally and informally identified students’ intuitive conceptions, partial
understanding, and the reasons for their conceptions of particulate nature of matter and incorporate
these into lesson sequence. For example, in the spatial-visual awareness activity above, the teacher
firstly focused on identifying students’ preconceptions and the reasons by means of diagnostic
questions and then teaching the objective relating to the determination of the size of atoms through
the spatial-visual activity. As a result, this step, promoting the conceptual change, includes not only
students’ awareness concerning their own conceptions and reasons, but also their teacher’s awareness.

3. SUMMARY AND CONCLUSIONS

The aim of the study is to help especially preservice and inservice science teachers how to
develop and implement an MI science lesson. The results of this study, obtained from a research-based
classroom, showed that there were four important factors when an MI science lesson is planned and
carried out. They are: (1) identifying individual students’ multiple intelligences or strengths via a
reliable and valid tool such as the MIDAS, (2) paying attention to the literature findings related to
students’ difficulties in learning the relevant science topic, (3) considering the nature of the knowledge
structure that students are supposed to learn with respect to the MI, and (4) examining teacher’s ability
to manage the MI activity.

It should be noted that the spatial-visual activity related to teaching what determines the atomic
size may be more appropriate to teach the students in the current study, because the MIDAS results
indicated that there were 14 students, strong in the spatial-visual intelligence, and thus many students
can use their strengths when learning science, while the remaining students strengthen their
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underutilized spatial-visual intelligence. Other MI activities in the phase of considering possibilities
(see p. 5) for the same learning objective may be more suitable for different students because of the
possible differences of the students’ multiple intelligences or strengths. The MI initiatives already
defend that every student or classroom has its unique cognitive profiles. For example, if a class (N=25)
that have 3 or 4 students who strong in the spatial-visual intelligence, and 10-15 students who strong
in bodily-kinesthetic intelligence, the bodily-kinesthetic intelligence given in the phase of the
considering possibilities (see p. 5) seems more reasonable to teach the students what determines the
atomic size. Selecting the best MI activity also depends on the literature findings related to students’
difficulties in learning the relevant science topic. For example, the findings of science education
literature (e.g., Harrison & Treagust, 1996) indicate that other activities, except for the spatial-visual
activity, may have important limitations to teach students the determination of the atomic size. The
third factor is the nature of the knowledge structure with respect to the MI. For example, the nature of
the learning objective “the determination of the atomic size” requires students to imagine the atomic
structure and mentally compare the ratio of nuclear diameter to atomic diameter. It is clear that
students need to use their spatial-visual intelligence to be able to learn this objective. The last
important factor is whether or not the teacher can efficiently manage the MI activity. This criterion is
completely depending on multiple intelligences or strengths of teachers. In this study, the teacher also
reported that he would be able to conduct the spatial-visual activity. Of course, there are many other
factors that affect selecting the best MI activity to teach students science such as physical classroom
environment.

A common misconception among teachers is that each learning objective or knowledge
structure should be taught through all multiple intelligences (Kaya, 2006). However, there is no need
to address all MI in every objective or lesson, but each lesson should be reasonably allotted to
implement different intelligences (N=3-5). For example, a lesson consisting of 3 objectives may be
carried out through spatial-visual, bodily-kinesthetic and logical mathematical intelligences or
musical-rhythmic, spatial-visual and interpersonal intelligences. It is also obvious that trying to teach
a knowledge structure in science using all of the eight intelligences is nearly impossible and
unnecessary. Gardner (1995), in fact, cautions against “going in the bandwagon” in an effort to include
all eight intelligences in every lesson or in each teaching activity. Gardner (1997) also states, “MI is
not a quick fix. But educators who thoughtfully use the theory to support their larger educational goals
find that it is a worthy partner in creating schools of excellence” (p. 20). In this connection, one doubts
a rose in my mind prior to the study that lessons based on multiple intelligences theory would take
more time compared to traditional teaching. Moreover, the classroom observations revealed that even
if the selected topic is abstract and students do not have experience on MI activities, the time was not
an issue in the context of the MI science lessons because students can readily understand and adapt the
MI activities after the first few lessons.

In this study, identifying students’ preconceptions and the reasons for these through MI
activities added to Armstrong’s seven-step model for creating and implementing MI lesson plans,
which incorporated was very useful to provide the students’ awareness and their teacher’s awareness
concerning preconceptions and the reasons of their conceptions. Thus, this study implies that the MI
activities should first focus on identifying students’ preconceptions and the reasons for these
preconceptions. During the activities, students can become aware of the changes in their own cognitive
structures. Therefore, the MI activities ties in with a constructivist view of learning which emphasizes
that students must be active in their own construction of knowledge, depending on what they already
know. Meaningful learning occurs through rethinking old ideas and coming to new conclusions about
new ideas which conflict with old ideas.

Overall, this study helps science teachers the MI theory as teaching and learning approach in
their classroom; however, they can use their own unique ways to create and implement the MI science
lesson sequence. The aim of science teachers should be to develop a repertoire of teaching activities
that emphasize multiple intelligences and to help students use combination of intelligences, consisting
of not only stronger but also weak intelligences, to be successful in school to help them learn whatever
they want to learn as well as what the teachers and society believe they need to learn in science.
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GENISLETILMIS OZET

Bireyin zekasin1i daha ¢ok problem ¢ozme, mantigini kullanma ve elestirel diisiinme
yeteneklerine bagli olarak degerlendiren geleneksel yaklasima karsi c¢ikan Harvard Universitesi
profesorlerinden Howard Gardner (1983), ilk olarak insan oglunun yedi farkli zekaya sahip oldugunu
belirtmistir. Gardner Coklu Zeka Kuramini1 (CZK) gelistirirken Boston Universitesi Dil ve Konusma
Bozukluklar1 (Aphasia) Arastirma Merkezinde tedavi goren kisilerden ve gocuklarin biligsel geligimi
iizerinde aragtirma yapmak icin dizayn edilen Harvard Project Zero adli proje kapsamindaki bir
laboratuvardan elde ettigi verileri kullanmistir. Gardner, zekanin sadece dilsel/s6zel ve mantiksal-
matematiksel zekalara bagli olmadigini1 daha sonra ekledigi doga zekasiyla beraber sekiz ydniiniin
oldugunu savunarak, sadece matematik ve dilde basarili olanlarin degil, miizikte, sporda, dansta,
iletisimde, resimde bagarili olan ve ayni zamanda kendini iyi taniyan kisilerin de zeki oldugunu
belirtmektedir

Gardner’in CZK’yi ilk olarak sundugu “Zihnin Cergeveleri: Coklu Zeka Kurami” adli kitabinin
ardindan farkli iilkelerden (Ornegin, Arjantin, Avustralya, Cin, Danimarka, Kolombiya, Kore, Norveg,
Japonya, Romanya, Tayvan, Tiirkiye) ¢ok sayida egitim bilimci, 6gretmen ve okul yoneticisi kuramla
ilgilenmeye baslamistir. Bircok egitim bilimci, CZK’nin egitim ve dgretime yansimalarinin sasilacak
boyutta ve hizda oldugu konusunda hemfikirdir Ozellikle son 10 yil igerisinde kuramin birgok iilkenin
egitim sistemi lizerindeki etkileri hissedilir oranda artmistir. Gliniimiizde “Coklu Zeka Okulu” veya
“Coklu Zeka Ogretmeni” gibi terimlere sik¢a rastlanmakta ve bu ve benzeri sozler daha ¢agdas bir
okul veya Ogretmeni isaret eder hale gelmistir. Kuramla ilgili bu tarz olumlu gelismelerin tersine,
Gardner’in farkli iilkelerdeki Coklu Zeka okullarinda yaptigi gozlemler ve kuramla ilgili diger
aragtirmalar (Ornegin, Flick ve Lederman, 2003, Kaya ve Ebenezer, 2006) 6gretmenlerin kuramla
ilgili hem teorik bilgi hem de uygulama becerisinde 6nemli sorunlar oldugunu ortaya koymustur.
Ornegin, Flick ve Lederman (2003) CZK’nin Amerikan fen ve matematik dgretmenleri arasinda ¢ok
yaygin bir kavram oldugunu, fakat kuramin bir¢ok &gretmen tarafindan yeterince anlagilmadigini
gozlemlemiglerdir. En 6nemli sorunlarin baginda, siiflarda daha etkin bir 6gretim i¢in 6grencilerin
bireysel farkliliklari, ilgi ve ihtiyaclarinin veya bagka bir deyisle ¢oklu zekalarinin nasil dikkate
almmas: gerektigi gelmektedir. CZK tabanli bir 6gretimin nasil planlanip uygulanacagi bircok fen
egitimcisi, 6gretmeni ve aragtirmacisinin da odakladigi 6nemli bir problemdir.

Bu caligmanin amaci, CZK’ye dayali bir fen bilgisi dersinin nasil planlanabilecegi ve
uygulanabilecegiyle ilgili tiim siireci adim adim sunmaktir. Calismada, Oncelikle CZK’nin fen
Ogretimi ve 6grenimi agisindan sahip oldugu potansiyel sunulmaktadir. Daha sonra, literatiire dayali
gelistirilmis ve ilkdgretim 8. smifta uygulanmis CZK’ye dayali bir fen bilgisi dersi, fen bilgisi
Ogretmen aday1 ve Ogretmenlerine CZK’yi teoriden simif i¢i uygulamaya doniistiirmede yardimei
olmak amaciyla somut bir 6rnek olarak verilmektedir. Arastirma Ankara ilindeki bir ilk 6gretim
okulundan rasgele segilen 25 (13 erkek ve 12 kiz) 8. smf Ogrencisinin bulundugu bir smifta
yiiriitiilmiistiir. Ogrencilerin ailelerinin sosyo-ekonomik seviyeleri genellikle orta ve zayif
seviyedendir. Arastirma Oncesinde 6grenciler fen bilgisi derslerini mantiksal-matematiksel ve dilsel-
sozel zeka etkinliklerinin yer aldigi, 6gretmen merkezli geleneksel 6gretim yoluyla islemislerdir.
Calismaya 6 yillik deneyime sahip ve yiiksek lisans egitimini tamamlamis bir fen bilgisi 6gretmeni
katilmistir. Ogretmenin ¢alismaya katilmasi, CZK’nin sinif i¢i uygulamalara nasil doniistiiriilebilecegi,
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siniflarda yasanacak muhtemel sorunlar ve ¢oziim yollar1 {izerine arastirmaci tarafindan verilen bir
seminer vasitasiyla olmustur. Ogretmenin segiminde kuramla ilgili yorumlar1 “Coklu Zeka tabanh
ogretim benim su anda siniflarda kullandigim yoldan oldukea farkli. Ogrencilere fen kavramlarimi ve
bu kavramlar arasi iligkileri daha iyi 6gretebilmek i¢in onlarin sahip olduklari ¢oklu zekalar1 veya zeka
profillerini belirlemeli ve ona gore bir 6gretim uygulamaliyiz. Geleneksel 6gretim birgok 6grenciyi
gormezlikten gelmemize ve onlart sinif i¢i ekinlikler disinda tutmamiza neden oluyor. Coklu Zeka
Kuramina dayal1 6gretimle siniflarimdaki 6grencilerin hepsine ulasabilecegimi ve onlara fen bilgisini
ogrenmelerinde mutlaka bir yol sunabilecegimi diisiiniiyorum” etkili olmustur. Ogretmen
aragtirmacinin verdigi toplam 12 saatlik bir egitim-6gretim programinda sonra, CZK tabanli derslere
baslamistir. Bu ilk hazirlik programi devresinde odaklanilan konular; (1) CZK’nin gelistirilme stireci,
(2) CZK ilgili teorik bilgi, (2) CZK’nin egitim-6gretim ortamina getirdigi degisiklikler, (3) CZK’ye
dayal1 bir fen bilgisi dersini tasarlama ve (4) CZK tabanl bir fen bilgisi dersini uygulamadir. 8 hafta
siiren ve 2004-2005 egitim-6gretim yilinda yiiriitillen arastirmada, segilen fen bilgisi dersi initesi
madde ve enerjidir. Nitel bir aragtirma olan bu calismada, arastirmaci CZK tabanli fen bilgisi
derslerine gozlemci olarak katilarak smifta meydana gelen Ogrenci-O6grenci, Ogrenci-6gretmen
arasindaki iliskileri ve 6grencilerin CZK etkinlikleri boyunca sinif i¢i katilimlarini not almigtir. Bu
veriler CZK tabanli fen bilgisi derslerinin nasil gelistirilebilecegi ve uygulanabilecegini
degerlendirmek agisindan analiz edilmistir. Verilerin analizi, ¢oklu zeka tabanl fen bilgisi dersleri ile
ilgili dort onemli faktdr agiga cikarmustir. Bu faktorler, (1) gilivenilir ve gecerli bir dlgme aract ile
ogrencilerin ¢oklu zekalarini belirlemek, (2) ilgili fen konusunda literatiirde bulunan G&grencilerin
o0grenme sorunlaria dikkat etmek, (3) 6grencilerin 6grenmesi amaclanan bilgi yapisini ¢coklu zekalar
acisindan dikkate almak ve (4) 6gretmenin ¢oklu zeka aktivitesini sinif i¢inde uygulama kabiliyetini
simamasidir. Bu galigmanin sonuglari, Gardner’in (1995) CZK siniflarindaki gézlemlerine dayali isaret
ettigi yanls uygulamalara da aciklik getirmistir. Ornegin, yaklasik 40 dakikalik bir ders saati
icerisinde kazandirilmasi amacglanan hedef davranislarin 8 zeka alaninin hepsi kullanilarak
Ogretilmesinin gereksiz oldugudur. Bu noktada 6nemli olan etkenler yukarida sunulmustur. Bu
faktorlerin dikkate alindigt CZK tabanli bir 6gretim, 6grenmenin yapilandirmaci bakis agisiyla da
uyum igerisinde olacaktir.



