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Abstract — The aim of the study was to identify the misconceptions on floating and sinking amongst the
Bhutanese students of grade IX, examined the strategies to remedy and eliminate these misconceptions. A
total of 15 ninth grade students participated in the study. The study employed quantitative approach using
two-tier diagnostic test. The study found that participants had misconceptions on floating and sinking of an
object. The participants directly link weight and volume of an object to its floatation and sinking. However,
most of the misconceptions on floating and sinking of object were cleared after having an intervention by
using group activity-based questioning and learning.

The study also found that the diagnostic items designed to identify students’ misconceptions and
classroom activities designed to treat those misconceptions were effective and efficient. So, similar
approaches can be taken to address common misconceptions and help students to establish scientific
conceptions in other content areas of science education. Further, the present study focused had only few
participants, a study may be carried out by using more sample size to get a deep understanding of the
subject.
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I. INTRODUCTION Bhutanese grade-nine students

‘conceptions,

When students enter the classroom, they often hold prior
knowledge or conceptions about the natural world which
has been influenced by textbooks, teachers’ explanations
or everyday language (Yin et a., 2008). According to
Hardy et al. (2006) students often construct their own
knowledge and theories about how the natural world
works. Therefore, their construction of knowledge or
theories may sometimes be contrary to scientific point of
view, constituting what is referred to as misconceptions.

Over the last 20 years, educators have shown great interest
in identifying students’ misconceptions about various
science phenomena, either before or following an
instruction. One of the areas that science education and
cognitive development research have studied is floatation
(Unal, 2016). Misconceptions are barriers to learning,
addressing the misconceptions is essential in students
learning. Therefore, this study aimed to investigate
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understandings and misunderstandings of sinking and
floating concepts.

Il. PROBLEM STATEMENT

Students have misconception regarding how the object
float and sink. Students are considering weight of the
materials as the only criterion when predicting whether a
material will float or sink. However, it is impossible to
decide categorically if a material is heavy or not when
there is no further point of reference. One cannot claim
that that gold is heavier than feathers because amount of
each is a vital factor- a barrel of feathers would be heavier
than a single gold ring. To make fair comparisons of
heavier/lighter pupil should consider how much of a
material is in there; in science this is done by assessing the
amount of space each object takes up, that is its volume.
The scientific concept of density gets around the problem
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by taking in account how much an object weighs (its mass)
as well as its volume (Bar et al.,1994).

The concept sinking and floating is taught in middle
secondary schools. Although sinking and floating is a
common phenomenon in everyday life, it is a sophisticated
science topic. To fully understand the fundamental reasons
for floating and sinking, requires complicated knowledge
that includes an analysis of forces (buoyancy and gravity)
and water pressure. The knowledge to fully understand the
fundamentals of floating and sinking, either not introduced
or not sufficiently addressed in secondary school curricula.
Rather, some curriculum developers take a shortcut and
use relative density as a simplified explanation for why
some object sink and float. Therefore, the purpose of this
study is to find out the misconceptions on floating and
sinking. It also aimed to find factors that cause
misconceptions and how to address it.

I1l. RESEACRH QUESTIONS

Main question: How instructions based on activity-based
(group) learning change students’ misconceptions on
floating and sinking?

Sub questions:
1.What are some misconceptions on floating and sinking?

2.How misconceptions on floating and sinking be
addressed?

Aim: The aim of the study is to identify the misconception
of the 9th graders regarding floating and sinking in the
context of the unit on liquid pressure by the use of activity-
based learning technique.

Objectives

1.1dentify some misconception in floating and sinking.
2.Address the misconception by using conceptual test.
Significance

The research carried out will benefit the curriculum
planners, teachers and students as a whole. Further, the
information generated from this study could be the

guidelines for the present and future physics teachers and
students.

V. LITERATURE REVIEW

This topic will highlight the findings of earlier research on
the misconceptions of floating and sinking in the context
of the unit on liquid pressure. In the literature review the
author talks about 3 C's that are compare, contrast and
connect the major theories, methodologies, approaches and
controversies on the topic. In this study the review covers
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some misconceptions of floating and sinking and how to
address these misconceptions.

Misconceptions on floating and sinking

Misconception is one of the most frequently studied topics
in science teaching and learning. Identifying students’
misconceptions about various science phenomenon has
been a concern over the last few decades. One of the areas
that science education and cognitive development research
have studied is floatation and sinking (Unal & Costu,
2005). Macaroglu and Senturk (2001) also carried out a
study to check the fourth-grade students’ understanding of
the word 'floatation’. The study found that are not able to
identify whether the materials sank or floated, due to their
non-scientific rules for sinking and floating.

An interview carried by Moller (1999) with elementary as
well as secondary school students showed that children’s
explanations often focus on one dimension only such as
things that are light will float, large things will sink or
everything with holes in it will sink. Moreover, in many
explanations, air is seen as an active force that pulls
objects upward and water is seen as a force that sucks
them downward (Hardy et al., 2006). These explanations
of floating and sinking are not in line with scientific
explanations since, rather than consider the relationship
between object and surrounding fluid, the students focus
on single property of object that is weight. Further a study
done by Unal (2016) reveals that most of the students’
difficulties in understanding about floatation and sinking
were due to incomplete ideas about underlying concepts
such as volume, mass, density, force, and pressure. This
also indicates that students are retaining their ideas in a
fragmented manner (Calik, 2005). Taldere and Ercan
(2011) in their study found out that students had some
misconceptions stated in the expressions such as density of
swimming objects is equal to the density of liquid, the
densities of sunken objects in the liquid are equal and
buoyancy of sunken objects in the liquid is equal to the
weight of the objects.

Most of the students had misconceptions regarding
floating and sinking due to their preconceived knowledge
of the topic. In particular, activity of building relations
between existing knowledge and new knowledge plays an
important role when interpreting students’ learning as a
process of conceptual understanding. By reviewing the
possible source of misconceptions, it is suggested that
conceptual development can be promoted by classroom
instruction that avoids excessive factual details, establishes
meaningful connection between new and existing
concepts, and takes into account students' prior knowledge
(Etmeni & Students, 2000). One of the strategies used to
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eliminate the misconception is the employment of group Questions Comect | Float | Sink | Total Comrect | Incorrect
activity as an intervention strategy. (Attached in | Answer Responded | response | response
appendix) (%) (%)

V. METHODOLOGY Ql Float 8 7 |15 533% | 46.6%
The research design of the present study is a case study Q2 Sink = 4o 68% | 133%
with quantitative approach using two-tier diagnostic test Q3 Float 4 1|15 26.6% | 73.3%
for collection of data. Data analysis was done by using o Sk G 5 G m 0%
Microsoft excel 2019. The study was implemented to a

. Q5 Float 8 7 |15 533% | 46.6%

total of 15, 9th graders of Samtse Higher Secondary .
School. In order to identify misconceptions, the students Qs Sink ? b 0% )60
were given hands-on activity design having pre-test and
post-test. After the pre-test and analysis of pre-test, the Q7 Float |3 2| W% | 80%
misconceptions were identified and taught the concept in Q8 Sink 7 & 0 33.3% | 46.6%

class through hands-on activity based. For this study, the
questionnaire was adopted from a case study done by Yin
et al. (2008), which consist of eight fill in the blank
questions with pictures. The questions were designed in
such a way that if questions are confusing, the confusions
can be clarified by the pictorial representations of the
questions. After intervention post-test data were collected
and analyzed.

VI. SAMPLING

The study was conducted with 15 ninth-grade students (7
girls and 8 boys) at one of the schools in Bhutan. The class
was randomly chosen. The ages of the participants were
ranged from 16 to 18 years.

Research Instruments

In this study two sets of the questions adopted from Yin et
al. (2008) based on the concept of floating and sinking
were used to collect the data. Intervention was done by
using activity-based learning. The question consists of
eight fill in the blank questions with pictorial
representations of the questions.

Data analysis

The analysis of data was done by using Microsoft excel
sheet. Analysis of pre-test and post-test data are mentioned
in result and discussion.

VII. RESULT AND DISCUSSION
Data analysis of pre-test:

The questions are adopted from Yin et al. (2008).
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Fig.1: Pre-test Data

From the above figure, out of eight questions, most of the
students have misconceptions about floating and sinking in
following questions:

Questions Correct response Incorrect response
Q2 26.6% 73.3%

Q3 26.6% 73.3%

Q4 0% 100%

Q7 20% 80%

Fig.2: Questions With Misconceptions
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Fig.3: Graph of Pre-test Misconception Questions

The figure above shows that 73.3% of students responded
incorrectly for the statement Q2 and Q3, so there is
misconception in terms of solid and hollow balls though it
have same mass and volume. For the statement of Q4,
100% of students responded incorrectly that means
students are confused with regards to volume, where they
consider surface area as the only means to calculate
volume. This was in line with a study done by Unal in
2016 where he found out that most of the students facing
difficulties in understanding the concept of floatation and
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sinking were due to incomplete ideas about volume, mass,
density, force, and pressure. Further in Q7, 80% of the
students responded incorrectly, that means students have
misconception that soft things will float because its soft
and hard things will sink because it’s hard.

Intervention

The development of lesson plan using activity-based
learning and questioning will help to clear the
misconception. The lesson plan is designed as follows;

Class : IX Subject : Physics
Time : 45 Minutes
Topic : Density

Strategy : Activity-based learning

Lesson Introduction.

Teacher greets the students and introduce the topic density
to the students. Ask the following questions to relate and
check the previous knowledge;

1. Can anyone tell me why some object sinks and
some float?

2. What are some of the factors on which floating
and sinking of objects depends upon?

Reinforce each student who answered with different
reinforcements.

Lesson Development

Teacher demonstrate.

Divide the students in groups of their interest.
Materials required for Each Group:

Electronic scale
A large container
A candle

A marble

A rubber ball

A hollow ball
Procedures:

Procedure 1: Weigh the masses of the candle, the marble,
hollow ball and the rubber ball by using an electronic
scale. Write down the masses of the objects in the table.

Objects Weights

The candle

The marble

The rubber ball

Hollow ball
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Guess which object will sink or float.

Procedure 2: Fill the container with water. Afterwards,
put the candle, the marble, hollow ball and the rubber ball
into the container gently. What did you observe? Which
sank or floated? Were your earlier predictions correct?
Compare what you have predicted and the result of the
experiments.

Now you all have got the difference between your
prediction and you result, now fill up the form provided.

Lesson Closure: So, from today lesson, we have seen that
it’s not only the weight of the object that should be
considered while identifying whether the object sink or
float. The main purpose for todays’ lesson is objects
sinking and floatation depends upon the density of the
objects.

Data analysis of post-test

Questions Correct response Incorrect response
Q2 53.3% 46.6%

Q3 60% 20%

Q4 50% 50%

Q7 45% 55%

Fig.3: Post-test Data
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Fig.4: Graph of Post-test Misconception Question

The figure above shows that 53.3% of students responded
correctly for the statement Q2 and 60% of the students
responded correctly for Q3, so that means misconceptions
regarding Q2 and Q3 has been addressed. For Q4, there is
increased in 50% of students who responded correctly
which indicates students’ misconceptions in Q4 couldn’t
be addressed properly. However, in Q7, 55% of the

246


https://dx.doi.org/10.22161/ijels.65.37

Ugyen Dorji et al.

students responded correctly, that means students found
remedy from the intervention and have cleared their
misconception.

Analysis of the pre-test revealed that students are having
misconceptions on following aspects:

i. Floating and sinking of Solid ball, softball and
hollow ball
ii. Floatation and sinking of flat and non-flat objects.

Comparison between pre-test and post-test

Pre-test Post-test

Correct Incorrect | Correct Incorrect
Questions Resp Resy Resp Resy
Q2 26.6% 73.3% 53.3% 46.6%
Q3 26.6% 73.3% 60% 20%

0% 100% 0% 0%
Q4
Q7 20% 80% 45% 55%

Total Responded 15

Fig.5: Comparison of Pre-test and Post-test

From the above figure, it revealed that compared to pre-
test the results of post-test have significantly improved
after the intervention, which indicates misconceptions are
addressed through group activity. However, in question 4
and 7, though compared to pre-test there is increase in
number of students who responded correctly but there is
no significant rise in the correct response even after the
intervention. The reason for this could be, students might
be confused since intervention was done for a short period
of time due to time constraint.

VIIl.  CONCLUSION

Bhutanese grade nine students have difficulties in
understanding sinking and floating, and have
misconceptions about the phenomena as reported earlier.
Students cannot identify the factors influencing whether an
object sinks or floats in a liquid. When deciding whether
an object sinks or floats, they consider their mass, or
volume instead of density. They also consider irrelevant
factors such as whether it has a hole, its size or the volume
of the liquid. When these misconceptions about sinking
and floating are examined, it was found that students have
misconceptions because of their experiences in daily life,
lack of knowledge and overgeneralization.

The diagnostic items designed to identify students’
misconceptions and classroom activities designed to treat
those misconceptions were effective and efficient. So
similar approaches can be taken to address common
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misconceptions and help students establish scientific
conceptions in other content areas of science education.

IX.  LIMITATIONS

Universality is one of the most obvious and common
limitations of a misconception, that is, some conceptions
might work well in some situations however not in others
(Yin et al, 2008). Some of the limitations of present study
are; universality, time constraint, no standard number of
students, no proper response from the students and lack of
resources.
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Appendix

Survey Questionnaire (Adopted from Yin et al., 2008)

Dear students

The information gathered through this questionnaire will
be used as a part of my study. The responses you provide
are completely confidential and anonymous. The research
outcome and report will not include reference to any
individual.

Section A: Demographic Profile

1.

3.

Gender

a. Male |:| b. Female
What is your age group?

a. 10-12 b. 13-15

s

[ ]

]

16-18 d. 18 & above | |
Class E

Section B: Please read the questions very carefully and fill
in the blanks.

1.

3.

Block A and Block B both float in water. Suppose
that we glue them firmly together and place them
in water; together they will (see the
picture below).

“ﬂ*“

Float Float ?

Ball A and Ball B are made of different materials,
but they have the SAME mass and the SAME
volume. Ball A is solid; Ball B is hollow in the
center (see the pictures below). Ball A sinks in

water. When placed in water, Ball B
will
o Outside =) Outside
. Inside o Inside

Block C floats on water. Suppose we make a hole
in it. When placed in water, Block C will now
. (see the pictures below).
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Blocks A and B are made of the SAME material.
Block B is flatter than Block A. Block A sinks in
water. When placed in water, Block B
will . (see the pictures below).

BN o

When Block A is placed in water in the way on
the left, it floats in water. Suppose that we flip it
upside down and place it in water as shown on the
right (see picture below) . It will

A-V

Block A sinks in water if we place it in water in
the way on the left. If we place it in water in the
way on the right, Block A will . (see
the picture below)

| =

Ball A and Ball B have the SAME mass and the
SAME volume. Ball A is made of something soft.
Ball B is made of something hard. Ball A floats in
water. When placed in water, Ball B
will . (see the picture below).

o Floats e ?

Block D sinks in the water in Container 1. When
Block D is put in a big container with more water
(Container2), Block D will . (see
the picture below).

Sink ?
Container 1 Container 2 II
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